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A Blueprint for Green Energy in the Americas

EXECUTIVE SUMMARY
A) Introduction
This report was commissioned by the Inter-American Development Bank to identify
opportunities in Brazil, and in the Americas more broadly, in the emerging global
biofuels industry. The goal is to offer a strategic blueprint for IDB activities in the
region and serve as the basis for even more focused and policy-oriented studies in the
future.
Much of the world is in the midst of a major reexamination of—and investment in—
clean energy. Soaring oil prices and increasingly acute concerns about climate change
have turned what used to be a cottage industry into a booming business. By 2010, it
is estimated that US$100 billion will be invested in clean energy, compared to US$38
billion in 2005, and just over US$5 billion a decade before. Investment is coming from a
variety of different, and sometimes unexpected, sources. China’s government recently
announced that it will invest US$187 billion in clean energy through 2020.
Chart 1a: Global Renewable Energy Investment

Source: Compiled from Ren21 and New Energy Finance

Given the aggressive blend mandates established or under consideration in the
world’s leading transport fuel markets, a conservative projection of the potential share
of biofuels in global transport energy consumption in 2020 is 5%, up from just over
1% today. Meeting this demand would require a nearly five-fold increase in biofuels
production worldwide, and an investment of over $200 billion in the next 14 years in
capacity expansion alone. This dwarfs the investment in biofuels in recent years, $1
billion in 2005 and a projected $2 billion in 2006, although the pace is picking up with
$7 billion already announced in new projects through 2008.1

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

Biofuels are an important element in this rapidly shifting environment. Around the
world, large subsidies are being offered to spur production of ethanol and biodiesel.
And a growing number of governments are requiring that biofuels be blended with
fossil fuels. Blend mandates have been enacted or are under consideration in 27 of the
50 countries surveyed by this report, and 40 have some form of biofuels promotion
legislation. Perhaps most significantly, the promise of second-generation technology,
particularly commercially viable cellulosic ethanol, will dramatically change the
global competitive landscape. Nations capable of innovating will have tremendous
advantages, both because the emerging technologies will support their industries and
because they will possess a high value-added export.
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Chart 1b: Annual Global Biofuels Investment

Source: Compiled from Ren21 and Garten Rothkopf calculations

The enthusiasm surrounding the biofuels sector is infectious. However, it is a basic
assumption of this report that biofuels are not a panacea, but one important choice
in an increasing array of energy options. They have a significant role to play in the
reduction of greenhouse gas emissions from transport and represent an opportunity
for the region to build on its natural endowments by establishing world-class centers
of innovation and production, developing rural economies, and attracting private
sector investment. The report seeks to cut through the hype surrounding biofuels,
and alternative energy writ large, and present an objective, fact-based analysis of the
region’s global competitive position looking forward to 2020.
The development of biofuels in the Americas must be understood within the global
context of larger trends in energy production and consumption. This report therefore
begins with the major trends in global energy: the drivers of demand, the constraints
on supply, and the twin imperatives of energy security and emissions reductions. The
promise of biofuels is then assessed relative to the leading alternative technologies in
the transport sector: hydrogen fuel cells and coal liquefaction. This is followed by the
“Global Biofuels Outlook 2007”, an assessment of the state of biofuels in 50 countries
on 7 continents, highlighting the critical areas of government policy, productive
capacity, private sector investment, and research and development. It is, to the best of
the authors’ knowledge, the most extensive survey of global biofuels (both ethanol and
biodiesel) available today.
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Brazil has a unique and leading position in the emerging global biofuels industry. Its
role in developing technologies that allow consumers to switch easily between fossil
fuels and biofuels has been little short of revolutionary. Energy choice, a concept this
report will focus on, has a powerful champion in Brazil. On the production side as
well, Brazil is second only to the US. In 2005, Brazil exported 2.6 billion liters of ethanol,
about half of all ethanol traded internationally that year. Its sugarcane-based ethanol
is the most cost-competitive biofuel in existence. Brazil is also one of the few countries
with the available arable land to expand production enough to become a major exporter.
All these factors have made Brazilian advice and expertise on biofuels highly sought
after commodities. As will be discussed, the Brazilian government has developed a
number of initiatives to work more closely with neighbors and regional partners. In
light of Brazil’s prominence, this report devotes considerable attention to the path it has
taken and the choices it is making to adjust to this changing environment.
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Chart 1c: Top Global Exporters of Ethanol (2005)
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However enviable Brazil’s current position in biofuels, the challenges it faces are not
minor ones. Brazil’s competitive position is the product of decades of private and public
sector investment, but continued leadership is far from assured. Indeed, in 2005, the
United States surpassed Brazil in total ethanol production. The Brazilian government
is acutely aware of the need for both increased production and infrastructure and
additional resources for innovation. It has set ambitious goals, and this report seeks to
provide the IDB with strategies to help achieve them.

A central challenge addressed by this report is that the region, despite having achieved
sustained economic growth, has not yet succeeded in cultivating centers of excellence
- key sectors and regions that achieve a level of enduring international competitive
leadership and become a natural destination for investment, like India’s Bangalore,
Boston’s Route 128, or China’s Shenzhen. The biofuels industry in Brazil, already a
global leader, has the potential to achieve this distinction. Opportunities in biofuels are
not limited to Brazil, however, and include Colombia’s promising biodiesel program,
Chile’s potential for cellulosic ethanol production, and the sugar export centers of
Central America and the Caribbean. A primary focus of the IDB biofuels strategy will
be developing centers of excellence that bring together the best minds, best companies,
and best thinking of not only the hemisphere, but the world, organized around
showcase projects designed to be magnets for future investment and engines of future
growth.
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The report also looks to the rest of the Americas with the goal of developing a strategy
for IDB regional support that will enable countries in the region to take full advantage
of the opportunities for growth. Because energy choice is an important paradigm in
this report, it does not offer a one-size-fits-all strategy. The decision to focus on biofuels
is a complex choice that will depend on the priorities of each government and public.
Rather than proffering policy, the report seeks to identify the tools necessary for
countries to make informed choices if they do move forward with a biofuels strategy,
including in-depth feasibility studies, R&D centers, financing lines for capacity
expansion, and investment in infrastructure projects. To do so, this report uses a basic
framework through which countries can be evaluated in terms of the current state of
their biofuels industries and the appropriate next steps.
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B) Global Trends
There is a general consensus among leading energy information sources that energy
consumption will surge as much as 30% by 2020. A growing world population and
strong economic growth in developing countries will propel energy consumption,
and the twin forces of urbanization and industrialization will accelerate this trend.
On the supply side, the depletion of the world’s fossil fuels will continue, though the
precise pace and course is uncertain. Concerns about geopolitical instability and fuelsupply security, as well as pollution and climate change, are pushing the world to find
alternative sources of clean energy and reduce harmful emissions.
The transport sector is a vital component of an effective response to growing energy
demand. It contributed 20% of global gas emissions in 2001; it registered the fastest
greenhouse gas emission growth in developed countries like the US, Japan, and
the EU; and the sector is on course to consume 55% more energy by 2030. In this
environment, the introduction of cleaner, non-fossil fuels to the transport sector is
a priority. Developing countries, such as China and India, which face an explosion
in vehicle growth, also cannot afford to ignore the issue. Governments around the
world, aware of the wealth of new technologies and energy alternatives available in
this new age of energy choice, are already tailoring energy policies to their unique
circumstances.
Chart 1d: Transport Energy Demand and CO2 Emissions2

Source: Based on IEA Alternative Policy Scenario
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This report lays out the competitive position of biofuels relative to its two principal
alternatives: coal-to-liquid technology and hydrogen fuel cell technology. Coal
liquefaction is popular with governments because it is, like biofuels, a proven
technology. It also represents a cheap source of energy, burns more cleanly than
gasoline, and is readily available for countries with huge coal reserves. The second
alternative, hydrogen fuel cell technology, is favored because it is potentially the
cleanest energy possible. Hydrogen is also abundant, because it can be produced from
renewable energy sources such as solar, wind, water, and biomass energy, as well as
from traditional energy sources such as oil and natural gas.
Despite its environmental drawbacks, coal liquefaction is likely to remain an important
energy choice in coal-rich countries like China, Russia, India, and even the US. For its
part, hydrogen fuel cell technology remains prohibitively expensive, and it is unlikely
to emerge as a feasible alternative energy source in the transport sector for at least
the next decade. Even then, the high cost of new infrastructure will likely render it
infeasible for all but the wealthiest countries.
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There are a number of risks associated with the production of biofuels. Environmental
risks, which are probably the most often cited with regard to the capacity expansion,
range from the conversion of different ecosystems into farmland to the potential
negative impacts of production processes, which include soil depletion, emissions, and
water use and contamination. There are also social risks that are particularly important
when one views the biofuels industry through the lens of rural development. Use of
limited arable land for biofuels production could drive up the costs of other goods that
are staples of local populations. Finally, because biofuels are tied to both agriculture
and energy, there are market risks associated with the price of fossil fuels and the price
of agricultural commodities. As suggested in the sections that follow, a thorough
evaluation of these risks on a country and feedstock specific basis is an important area
for further study.
In this context, biofuels have emerged as a strong transport fuel alternative. The Kyoto
Protocol has provided an additional impetus to biofuels development as industrialized
countries seek to meet their emissions reduction targets. Biofuels have the added
advantage of being commercially tested. National biofuels programs can aid a country’s
agroeconomic goals by creating rural jobs and developing the rural economy. Most
importantly, the development of biofuels can limit a country’s reliance on imported
crude oil, diversify the national energy mix, and improve energy security.
It should be clear that biofuels are not a replacement for fossil fuels. Instead, they
offer an alternative with a number of attractive benefits. The advantages offered by
biofuels, such as lower carbon emissions and competitive production techniques, rely
on existing technology. As the billions of dollars poured into biofuels R&D worldwide
take hold, these advantages will only increase. Second-generation biofuels, such
as cellulosic ethanol, which is proven to be even more effective in reducing carbon
emissions, will be increasingly cost competitive. New technologies will also help
address potential drawbacks to biofuels technology, such as the tension between food
and energy security. Further, ethanol could one day be used in fuel cell engines, should
that technology become commercially viable.
C) Brazil

Innovation: Technological and agricultural innovation will be a cornerstone of Brazil’s
biofuels strategy, requiring investment in both R&D and education. The ethanol
industry has since 1976 averaged an annual efficiency gain of 3.7%. To continue this
trend, advancements in biotechnology and industrial and agricultural processes will
be essential. Achieving those advances will require the expansion of research and test
facilities as well as training and professional development for the sector’s labor pool.
Today, Brazil produces just .08 engineers for every 1000 people, compared to .20 in the
US, .33 in the EU, and .80 in Korea. Coordination between the government, private
sector, universities, and research institutions to strengthen the connection between the
scientific research activities and practical technological needs of the sector is critical.
Capacity Expansion:
Brazil is already the world’s leading exporter of ethanol,
accounting for just over 50% of total trade in 2005, but its capacity is growing at a slower
pace than the US and new producing countries, which both expanded production 21%
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Brazil’s long history—and great success—with biofuels place it in a unique category.
The development of flexfuel engines and the complex production and distribution
infrastructure needed to service the skyrocketing demand for them is just the most
dramatic example of Brazilian innovation that is leading the world. Yet, as discussed,
Brazil’s future success as an innovator and production leader in biofuels is not assured.
This report addresses the growing and complicated industry by identifying four pillars
that have helped generate its success, and which will be critical to its future prospects.
Required investment in these pillars in ethanol alone, based on the stated goal of
tripling production by 2020, is between $40 and $60 billion, based on an estimated need
for average annual investments of between $3 and $4 billion in capacity expansion, $1
billion in infrastructure, and significantly increased activity and investment in biofuels
R&D and education.
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in 2005, compared to Brazil’s 6%. $10 billion in new investments should add 7 billion
liters of production by 2010. The country plans to meet global demand by tripling production
by 2020. In contrast, the relatively young biodiesel industry is focused on expanding to
meet ambitious domestic blend targets that will require 2.4 billion liters. The Brazilian
government has set ambitious targets for future production that will require improving
efficiency, identifying additional land, recruiting a workforce with the skills to cultivate
it, and providing the necessary infrastructure to facilitate export.
Infrastructure: As Brazil develops a strategy to maintain its position as the global
leader in biofuels and meet a projected surge in export demand, it must address both
the inadequacies in current infrastructure and the need for infrastructure expansion.
Infrastructure, particularly transport infrastructure for export, is the leading concern of
virtually every expert and industry representative consulted for this report. The real
challenge is reorienting Brazil’s biofuels transport infrastructure to face out to export
markets, expanding its overall capacity, and pushing into new regions of production.
It is estimated that Brazil will need to invest $1 billion each year for the next 15 years in
infrastructure to keep pace with capacity expansion and export demand.
Building Global Markets: With just 10% of ethanol traded internationally and demand
rising rapidly, global markets have substantial room for growth, and Brazil could be
a major beneficiary. Unfortunately, in many quarters energy security has come to be
associated with domestic production, an association that has limited development of
the export sector and led some countries to protect their domestic biofuels industry
through trade barriers. As with other agricultural commodities, protectionist policies
on biofuels distort the global market and drive up prices for consumers. True security
is found in an international commodity market with diverse consumers and producers,
which will require global standards, liquid futures markets, and trade liberalization.
The IDB can play a role in helping Brazil and region develop the networks, regulations,
and structures needed to support the growing export market.
D) Latin America
The Brazilian success story has generated considerable interest in biofuels across
Latin America and the Caribbean (LAC), but no other industry in the region has yet
approached the size or sophistication of Brazil’s. A number of countries have taken
important regulatory and legal initiatives to lay the groundwork for future expansion
and investment. A few countries have begun to attract international investors, and
others have announced plans for major expansions of their biofuels sector. In some
places, the Brazilian government has actively forged relationships that are yielding
joint projects and research.
Many of the necessary ingredients for a vibrant biofuels sector are present. The
abundance of arable land, the existence of optimal climatic conditions in the region,
and excess production of feedstocks used for biofuels in many LAC countries make the
region well suited to become a productive center in a global biofuels trade. Added to
their natural endowments is the concentration of activity and labor in their agricultural
sectors, a reality that makes biofuels an attractive rural development strategy.
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The overwhelming proportion of biofuels production in the region (outside of Brazil)
still goes to domestic consumption, in many cases by the same entities that produce
the fuel. Few countries in the region other than Brazil export significant quantities
of biofuels. Costa Rica exports domestic ethanol production to the US with tariff-free
access through CAFTA, and other CAFTA countries are dehydrating and re-exporting
Brazilian ethanol and developing their own production to exploit this opportunity.
Looking forward, Colombia and Peru, which have negotiated free trade agreements
with the United States, have a potential advantage because of that access to the US
market. Indeed, Colombia is planning a major expansion of its palm oil production
as a biodiesel feedstock, with an eye to the export market. Similarly, Mexico, with
its proximity to the United States and open access to the US market under the North
America Free Trade Agreement (NAFTA), has strong external incentives to produce
biofuels, including to reduce air pollution, promote rural development, and potentially
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supplement its declining oil reserves through biofuels production and use.
In Central America, Guatemala holds great potential for ethanol production as the
largest sugar producer in Central America: the country harvests 197,000 hectares of
sugarcane, using 15 sugar mills for processing. Its sugar industry earned the country
nearly $500 million in 2005, and Guatemala ranks fifth in terms of global sugar
exporters, exporting 72% of its production. In the Caribbean, Jamaica also has great
potential for expanded ethanol production and exportation with roughly 347 million
liters of ethanol production capacity and expansion plans for up to an additional 220
million liters in the short- to medium-term.
R&D activity in the region is unevenly distributed. A broad range of research activity
exists in Colombia, including public-private partnerships and research sponsored by
the state oil company, Ecopetrol. There is also ongoing university research into palm
oil-based biodiesel, and work by the sugar and palm oil producers associations to
improve yields and identify optimum varietals for feedstock. In Costa Rica, a promising
ethanol initiative between Petrobras and RECOPE is underway. In Argentina, where
there is a long history of interest in biofuels, private sector investors have established a
Biofuels Research Center. Several universities are promoting biofuels, and particularly
biodiesel, through research and involvement in initiatives like the New Technologies
for Biofuels Network. Elsewhere in the region, R&D efforts are much more limited.
As in most countries, the trend in the Americas has been for the private sector interest
and activity that exists to follow government engagement, although countries like Costa
Rica, which produces almost exclusively for export to the US market, are exceptions.
In Colombia, where there are already five operational ethanol distilleries, a variety of
investment projects have been announced, largely by Colombian groups but with some
foreign involvement. In Argentina, about 20 companies currently produce biofuels,
but principally for their own consumption. There is some minor local investment in
Peru, and China has expressed interest in an ethanol investment in Ecuador.
As a whole, the region has made important strides toward establishing a regulatory
framework for biofuels. And a number of countries, including Colombia, Guatemala,
and Argentina have advanced well beyond the initial steps. However, governments
and regional institutions, with the IDB in the lead, will need to coordinate and facilitate
investment and research.

The report concludes with a blueprint for green energy in the Americas. This strategic
blueprint is organized around the four pillars that will drive and shape competition and
demand: innovation, capacity expansion, infrastructure, and building global markets.
Rather than simply a response to exogenous market trends, it is a vision for how the
Western Hemisphere, which today produces more than 80% of biofuels, can build on
those trends and lead the global development of this industry – through technology,
production, and trade. The region’s competitive position in these four pillars is assessed
in a dynamic global context. The future of biofuels is uncertain and the choices made
by countries, companies, and consumers moving forward will define not just the extent
to which biofuels are integrated into global transport energy consumption, but also
the patterns and volume of global biofuels trade, and the countries and regions that
become centers of production and innovation, and destinations of investment. With
an estimated $200+ billion in new investment necessary for biofuels to provide 5% of
transport energy in 2020, the stakes are high. For the region, there is also an opportunity
to buck historical precedent and position itself as a hub of technological innovation and
value-added exports.
The fundamental assumption of this approach is that while each pillar can be pursued
on its own, and to date, largely has been, it is in integrating them into a cohesive strategy
that sustainable global competitiveness will be achieved. Innovation creates valueadded technology exports, but it also drives production efficiencies and decreases the
land requirements of agroenergy, major factors in national competitiveness. Likewise
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infrastructure allows for both the expansion of production and its connection, both
physically and virtually, to local and global markets. It is in these markets that the
true promise of biofuels lies – in creating a globally traded commodity with diverse
producers and consumers that offers a clean and secure alternative to fossil fuels.
Innovation, the expansion of production, and the construction of infrastructure cannot
wait for markets, but nor should markets be expected to form naturally. What is
necessary is an aggressive marketing campaign to change the perception of biofuels
as solely “home-grown” energy, promote the liberalization of trade, the proliferation
of producers and consumers, and the development of the mechanisms of that trade:
international standards and liquid futures markets.
This report concludes with a series of ideas for major programs that could be promoted
in collaboration with regional governments and the private sector. It is expected that
all of these will be developed through private discussions with the bank and leading
players in the hemisphere and, perhaps, through a program of events and seminars
designed to refine and advance the hemispheric biofuels agenda to ensure leadership
in this rapidly growing area for decades to come.
E-1) Brazil
Brazil – its government, its industry, and its citizens, have made an unprecedented
commitment to the production and use of biofuels. This commitment has produced
not only the highest share of biofuels in transport fuels consumption, but in ethanol,
the most efficient production, the most cutting-edge innovation, and made it the
world’s only net exporter. President Luiz Inácio Lula da Silva has made the promotion
of biofuels a central element of his foreign policy, promoting the creation of biofuels
industries in developing countries, signing technical cooperation agreements, and
calling for the creation of global markets. At home, Brazil is engaged in a large scale
capacity expansion of ethanol for export and has launched a domestic biofuels program.
For Brazil to expand capacity and position itself as the unchallenged center of biofuels
excellence moving forward, it must think and act strategically. There are already a
number of initiatives underway in each of the areas highlighted by this report, but the
very number and diversity of actors and initiatives in the Brazilian biofuels sector
make policy coordination a central challenge. Establishing a formal body within the
government to coordinate government agencies and reach out to the private sector and
academic and research institutions would greatly enhance the effectiveness and agility
of policy making.
Pillar 1: Innovation
Brazil’s leadership in biofuels innovation has made it the center of this developing
global industry, with countries around the world seeking to learn from the “Brazilian
experience”and acquire Brazilian technology and Brazilian-born flex fuel cars. As
interest in the sector expands both within Brazil and globally, the country is facing a
new competitive environment for biofuels innovation. Likewise, innovation also plays a
critical role in Brazil’s competitiveness. It is fundamental to the continued optimization
of agricultural and industrial processes for efficiency gains, and as the ethanol and
biodiesel industries expand, the adaptation to new conditions and new feedstock.
Of even greater import is the disruptive potential in the development of cellulosic
technology, which is expected to dramatically decrease the costs of production.
Prepared by Garten Rothkopf



Governments, universities and companies around the world are making major
investments in biofuels innovation, often together. In the past year, the US has
announced plans to provide $125 million each to two bioenergy research programs, BP
has pledged $500 million to fund a US or UK university biofuels research program, the
British government has launched what it hopes to be a close to $2 billion public and
privately funded renewable energy research institute, and Australia hopes to leverage
a $382 million clean energy fund into more than $1 billion with funds from the private
sector. These examples are representative of the major commitments being made
around the world to biofuels innovation. While exact data is not available, total R&D
funding for biofuels in Brazil appears to be below $500 million.
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The private sector has traditionally contributed 70-80% of the funding that has gone
into biofuels R&D, but this is changing through active government engagement in
biodiesel research. The disconnect between Brazil’s business and research sectors and
the lack of a coordinated and cohesive national strategy are significant obstacles in the
country’s quest to remain the foremost authority in biofuels technology and expertise.
The current orientation of the biofuels sector is towards the food and agricultural
industries; however, there is a school of thought that believes that the sector will
need to be refocused on the energy sector to truly develop into a high-volume, highprofit industry. This re-orientation has begun to take place in small steps, through the
restructuring of the Ministry of Agriculture and the creation of an agroenergy unit for
example; however, some advocate that this be taken a step further, involving the major
oil companies in fundamental discussions about which direction the industry should
head. In this scenario, the problems of the biofuels sector would be re-defined in terms
of how biofuels could provide a base for transport fuel consumption on a global scale.
In thinking about the breakthroughs needed to push the bioenergy sector forward, this
school of thought believes that if the sector remains rooted in the food industry, the
breakthroughs would likely be feedstock specific; however, if they are realigned with
the energy industry, breakthroughs could be more universal.
A great number of biofuels projects and programs are underway in Brazil. Various
funds and agencies are in place to support the development of the sector and of
new industrial technology; all of these moving parts need greater coordination and
synthesis to increase their impact. There is always a need for additional financing
for projects, but the funds available should also reach the agribusiness and research
communities in the quickest, most efficient and effective way possible. Coordination of
funding activities, away from the heavy bureaucracy of government, could help to ease
any bottlenecks in funding supply. For better coordination within the government, it
might be helpful to create an inter-ministerial committee to organize all of the federal
activities of the various ministries, along with their funds and promotion agencies,
acting in the biofuels space.
The IDB could support Brazil’s biofuels strategy through:

1. A Global Renewable Resources Institute as a platform from which Brazilian knowhow would be exported to other developing countries through various means,
including academia, policy expertise and private sector investment;
2. A Biofuels Human Capital Fund to support scholarships at international universities
and attract global academic luminaries to work in Brazil;
3. A competitive fund to distribute grants for research and development in the private
and public sectors, promoting firm-university collaboration in biofuels;
4. A facility to finance new ventures by technology-based firms in biofuels, possibly
including an incubator;
5. A fund to support the development of new feedstock varietals and production
processes, including second-generation technology, to facilitate capacity
expansion;
6. An initiative to improve regulations already in place to promote greater private
participation in R&D, including tax incentives for equipment purchased for use
in biofuel R&D by firms and universities, economic subsidies, and government
procurement of technology generated through R&D activities.
Investment also needs to be made in the other side of innovation: education. The most
pressing issues facing the Brazilian biofuels sector with respect to education are:
1. Deficiencies in basic education in Brazil’s north and northeast, due in large part
to regional disparities in income and educational spending, the repercussions of
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A Brazilian Biofuels Research Center would create a major focus point and symbol for
the development and growth of a more unified, coordinated and innovation-driven
biofuels sector. Funding for this emblematic center could include the development of
projects, such as:
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which impact biodiesel producers in these areas;
2. The availability of a labor force with technical training to operate in various
capacities within the expanding biofuels value-chain; and
3. The output of scientists and engineers in the disciplines relevant to biofuels feedstock
development and production processes.
These issues all levels of the Brazilian education system, and policies aimed at bridging
these gaps will be a key element of an overall development strategy for the sector. In
particular, the education and biofuels sectors need to work together to address the
following challenges:
Cultivation and production - The provision of basic education and literacy as well as
agricultural training to farmers and machine operators, particularly in the northeast,
where literacy rates are the lowest in the country.
Industrial processing - The provision of basic education and advanced technical training
for plant operators in ethanol and biodiesel processing plants, including pre-service
and in-service training to ensure that workers are current with the latest technologies
and innovations in the field. Plant supervisors and lab scientists require at minimum a
degree in chemical engineering and/or agribusiness management.
Research and development - Training to produce highly qualified support staff
and management-level workers with minimum degrees in engineering, computer
technology or agribusiness management; and researchers with advanced doctoral
degrees in fields including microbiology, biochemistry, biochemical engineering,
bioinformatics, and organic chemistry.
Flex-fuel Technology - Training to produce technologically adept support staff as well
as scientists for the laboratories of the automotive industry.
In presenting these ideas, it must be emphasized that educational development is not
linear in nature. Some kinds of education, and particularly scientific training, require
a long lead time. One cannot hope to change one set of educational institutions and
practices without making inputs into related institutions and practices. With these
caveats in mind, the following recommendations are presented to assist with systematic
planning and cost discussions, keeping in mind both short-term and long-term goals
listed below.
One of the most effective educational models identified by a roundtable discussion at
the World Economic Forum3 was the engagement of domestic corporations, industry
associations, and foreign investors in basic education through coalitions working in
partnership with government to enhance regulatory reform, policies, and incentives.
Collaborations of this type can be effective in basic education as well as technical
training and higher educational programs.
In coordination with the Brazilian Biofuels Research Center, a number of funds could
be created to support education and training:
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1. A new strategy to support reforms such as the education and training framework to
create a sufficient supply of skilled labor for the sector;
2. Competitive grants for teaching institutions in biofuels-producing regions to set up
new programs in biofuels, responding to clearly identified local human resource
demands in the sector;
The current administration has prioritized reforms in both higher education and
vocational and technical education; the success of these reforms will help determine
whether Brazilian workers are able to rapidly learn new technologies and become
innovators in their own right. Achieving this will require flexible systems that
enable trainees to move beyond the conventional curriculum, the lecture room and
the workshop, and into the laboratories and workplaces of the businesses that are
practicing those technologies. Education, human resource development programs,
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and adequate provision of infrastructural support are all vital components of a healthy
scientific and technological culture.
Pillar 2: Capacity Expansion
Brazil’s potential for capacity expansion makes it unique among biofuels producers.
Technology and land availability are the primary constraints to significant integration
of biofuels into global transport fuels consumption. Both factors restrict the supply
of biofuels and negatively impact their price competitiveness with fossil fuels.
Technological innovation, particularly the advent of next generation biofuels like
cellulosic ethanol could dramatically reduce the cost of production, increase yield per
hectare, and allow for the use of marginal land. However, the scientific breakthroughs
necessary to make cellulosic technology commercially viable may be 10 to 20 years
away. Land availability, the demand for which could be reduced through technological
innovation, is and will remain the critical factor for agriculturally derived fuels.
There is a mismatch between those nations suited to produce biofuels and those
expected to drive consumption. Countries around the world are implementing domestic
agroenergy programs, but many, particularly those that are highly industrialized or
have limited arable land, will not be able to meet local demand with local production.
For example, both the US and the EU would have to dedicate approximately 20% of
their arable land to biofuels to meet a 5% blend target in biodiesel and ethanol. In
Asia, Japan is considering increasing its ethanol blend to 10%, which would create a
6-billion-liter-a-year market. In China, an effort to reduce car pollution is expected to
produce an 11 billion liter shortfall in biofuels by 2020, despite significant increases
in domestic production. Brazil stands at the forefront of potential biofuels exporters,
with vast expanses of available, arable low-cost land and cutting edge technology and
production practices. The challenge is to build on these competitive advantages and
maximize the contribution biofuels production can make to the national economy.

Ethanol
There is consensus in Brazil that the country will need to triple current capacity of 16
billion liters a year by 2020 to accommodate internal demand and position itself as
the global market leader. This would mean a total capacity of 48 billion liters, to be
achieved through a combination of efficiency gains and greenfield projects. Estimates
for the investment required range from $2 billion to $4 billion a year. With the caveat
that global demand could possibly absorb a larger capacity expansion than Brazil is
planning, based on current projects, this report estimates that the required investment
in capacity expansion to meet the targeted 48 billion liters is approximately $3-4
billion annually. To date, expansion in sugarcane production has been almost entirely
driven by efficiency gains through intensive research into the sugarcane genome, the
development of varietals resistant to disease and pests and with a high sugar content,
and the optimization of agricultural and processing techniques. If this trend continues
as expected, yield per hectare could increase approximately 50% by 2020, even without
cellulosic technology, which could become commercially viable in this timeframe. It
is important to note that the introduction of cellulosic technology would represent a
major investment hurdle for Brazil to stay globally competitive.
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Brazil, already the world’s leading exporter of ethanol, is expanding capacity to meet
global demand. In contrast, the relatively young biodiesel industry is focused on
expanding to meet ambitious domestic blend targets of B3 in 2008 and B5 in 2013.
The two industries share three key variables affecting their growth: the impact of
efficiency gains, the availability of suitable land (including environmental constraints),
and access to financing, particularly private capital. In addition, the biodiesel industry
has social development aspects that will shape its growth. While the challenges are
conceptually similar, the current position of the two industries argues for addressing
them separately.
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Chart 1e: Historic and Planned Brazilian Ethanol Production

Source: Data for 2000-2006 from F.O. Licht

By the end of 2005, 6 million hectares were under cane cultivation. This is just 0.6% of
arable land in Brazil and only about half of this is dedicated to ethanol production, with
the remainder going to sugar. According to a study commissioned by the Brazilian
government, there are an estimated 7.9 million hectares of land available that would
produce well above the national average. An additional 113 million hectares would
produce at the national average. The primary constraints on expanding production
are environmental issues, infrastructure, and supporting industries. Today, sugarcane
production is concentrated in Sao Paulo state and a cluster in the north of the country.
High land prices in Sao Paulo have pushed greenfield projects further afield. Much of
the land identified as ideal for sugarcane plantation is located in Brazil’s vast grassland,
the Cerrado. A bill under consideration in the legislature would restrict agriculture
in this region and will be an important variable. Further, as expansion occurs in new
regions, the supporting infrastructure and related industries will need to accompany it,
suggesting that expansion should be strategic, supported by the government through
financing and infrastructure projects to facilitate export.
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Investment in capacity expansion is also an issue. $10.5 billion has reportedly been
committed to greenfield projects through 2010 and industry leaders report that there
is no lack of investment funds for the industry. Yet the pace of investment in Brazil
is slower than in the US and under the $3-4 billion a year needed to achieve targeted
three-fold growth by 2020. International investors consulted for this report cited a lack
of good investment opportunities and partners in an industry that has historically been
dominated by traditional family businesses. Market leader Cosan’s IPO this year is
an excellent example of how the industry could modernize and tap into international
capital markets, rather than depend on loans in Brazil’s high interest rate environment.
Of the four pillars, capacity expansion is the one most able to rely on private-sector
leadership, but competitively-priced financing lines and technical support in entering
equity markets are areas that could improve the sector and allow SMEs to share in
the industry’s growth. There is also a strong argument in favor of a new approach
to ethanol production that is divorced from the sugar industry – a true agroenergy
business that would integrate biodiesel and ethanol to create entirely self-sufficient
productive environments geared exclusively to biofuels export. There is already a
trend in Brazil among new mills to focus solely on ethanol, rather than employ turnkey
technology that allows the refinery to switch between sugar and ethanol production
depending on the market price, a practice that put supplies in jeopardy in the past.
The optimal strategy for capacity expansion in ethanol is one that is seamlessly
integrated with investment in infrastructure and innovation and the development
of global markets. For ethanol, it is the global market that is driving the expansion,
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and as such, global demand and global capital should be engaged whenever possible.
The biggest incentive to increased capacity utilization would be solid assurances of
markets abroad. Ideally, existing research could be employed by the government,
in coordination with the private sector, to zone the country, identify the ideal areas
for capacity expansion, and encourage the development of production clusters, with
supporting infrastructure, education and research centers. The whole industry is a
potentially high-payoff development initiative, with important second-generation
effects on human capital development, new business, and broader use of new
infrastructure. A modern agroenergy cluster, with integrated biodiesel/ethanol
facilities and supporting small businesses, infrastructure, and training would be an
anchor and driver of development, with tremendous knock on effects down the road.
Program ideas include:
1. Providing technical support and financing for a zoning effort, including involvement
of the MMA so that environmental constraints can be considered from the start.
2. Creating dedicated low interest financing lines and guarantees for the acquisition of
land and equipment.
3. Developing specialized financing lines and investment strategies for SMEs to
establish support enterprises.
4. A program to develop private sector transparency to encourage foreign participation,
taking the Cosan IPO as a model.
Biodiesel
Biodiesel is still finding its feet in Brazil. In addition to being a relatively new priority
(the National Program for the Production and Use of Biodiesel was only created in
2003), the industry has characteristics and objectives quite distinct from ethanol.
First, it is oriented to the domestic market and is not conceived of as a significant
export industry in the medium term. Domestic fuel blending targets, mandated by
the National Program, constitute the essential demand base for the product. Major
expansion of feedstock crop production and refining capacity will be necessary simply
to meet the National Program’s 2013 target of a B5 blend, which translates to an annual
production of 2.4 billion liters of biodiesel.

Palm is considered an ideal feedstock for biodiesel, given its strongly positive energy
balance, high oil content, hardiness, and suitability for large-scale production. Its major
drawback is the length of the production cycle (three years to the first harvest), which
means high start-up costs and the need for specially targeted financing, especially
for family farmers. Finally, castor is being seriously considered for production in the
northeast, where it is an indigenous crop. The Ministry of Mines and Energy estimates
that half of future biodiesel production will come from castor. Like palm, it is a hardy
plant with potential to employ family farmers. Unlike with palm, however, there is no
parallel demand for human consumption, so price instability due to competitive uses
is not a factor. However, castor also has numerous drawbacks. Current yields are low
and highly variable, production and cultivation technology is poor, and castor does not
mix well with other vegetable oils in the production of biofuels.
Given these variables, Brazil has wisely chosen to avoid dependence on any one
feedstock. However, it has yet to fully zone the country for biodiesel production or
implement a coherent strategy for the industry’s expansion. A decisive determination
of the feedstock it intends to foster, and where, is essential to meet blending targets.
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Second, biodiesel does not have an obvious feedstock source in Brazil, such as sugarcane
provides for ethanol. Several crops are suitable for biodiesel production and are being
evaluated by the government based on their yields, cost of production, availability of
suitable land, and contribution to the government’s rural development goals. Each has
its pluses and minuses. Soy is a highly developed industry in Brazil and is suitable for
large scale production. It is the cheapest source of oil for biodiesel, but only because soy
meal, which represents nearly 80% of production, is also a marketable commodity. The
expansion of soy is thus tied to the international protein market. This parallel demand
structure imposes a constraint that must be considered in expanding soy production.
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Third, biodiesel is a critical element in achieving the country’s rural development
goals. The government in 2004 instituted the Social Fuel Seal to encourage biodiesel
producers to support agrarian development by buying a minimum amount of their raw
materials from family-based farmers and promoting their social and local inclusion.
The Social Fuel Seal has been a requirement for participating in biodiesel auctions (the
main marketing vehicle) overseen by the National Petroleum Association. The high
subsidized prices offered at the auctions have enabled the government to reach its B2
blending target for 2008. However, there is no long-term guarantee that these abovemarket prices will be maintained, a clear disincentive to any major expansion of private
sector investment.
Finally, there are environmental considerations. These include the possibility of
overfarming in the south, invasion of Amazon lands for production of palm oil, and the
possibility that the Cerrado Amendment could drastically restrict feedstock production
in a large area of the country.
Despite these uncertainties, the number of firms participating in the biodiesel sector
is growing. Private fuel distributors Ipiranga and AleSat have joined the biodiesel
distribution chain and large-scale operators such as Bunge, Cargill and ADM are
entering the market. Smaller scale firms have also begun participating in the auctions.
More robust growth will stimulate efficiency gains as practical experience develops,
best practices form, and innovations emerge.
A number of steps could be taken that would speed the process of innovation and
capital investment needed to put the industry on a sound footing. As with ethanol, a
strategy for capacity expansion will be most successful if integrated into an overarching
strategy that includes infrastructure and innovation projects to facilitate production
and distribution and develop improved varietals and production methods. What is
needed is a macro-level blueprint which would:
1. Identify appropriate zones for the production of each feedstock, with an eye to
closely coordinating environmental and development objectives, particularly in
regions like the Cerrado where expansion may be constrained by restrictions on
GMO use, and identify resource requirements.
2. In coordination with a well financed research program to improve yields and
farming practices, develop a program for the identification and creation of vertically
integrated production centers, particularly in the northeast, that would address the
interrelated needs for small farmer financing, extension services in best agricultural
practices, small-scale infrastructure development and investment financing for
refineries.
3. Develop a marketing system that will give biodiesel producers more stable longterm price assurances to limit downside risks.
4. Provide incentives to joint ventures, such as concessionary loan financing, that will
leverage equity investment and stimulate technology transfer from countries with
more experience in biodiesel production.
5. Facilitate greater coordination among lending agencies at the various levels of
government to maximize the impact of available resources and establishment of
credit lines to finance biodiesel production, including resources targeted to SMEs.
Pillar 3: Infrastructure
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Infrastructure, particularly transport infrastructure for export, is the leading concern
of virtually every expert and industry representative consulted for this report.
Cogeneration represents an opportunity for diversifying Brazil’s electricity generation
capacity both geographically and by source. Communications networks, while not
universal, are expanding rapidly and offer a platform, rather than a constraint for
capacity expansion. The real challenge lies in reorienting Brazil’s biofuels transport
infrastructure to face out to export markets, expanding its overall capacity, and pushing
into new regions of production.
There are fundamental problems in the existing transport infrastructure, which depends
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largely on Brazil’s roadways, that are universally acknowledged and not sector specific.
The poor conditions of the highway system and the congestion in port access affects
export industries across the board. There is no short-term, easy solution. However,
looking forward, the growth of the biofuels export industry should bring a graduation
of sorts. If the conservative estimate referenced in this report of 6 billion liters of
ethanol exported in 2012 is accurate, a shift into rail, waterway, and most importantly,
pipeline transport will be critical. While roads will likely remain the primary means of
domestic distribution, their relevance to export will lie in providing access to collection
points for conveyance via these other forms of transport. Various studies of ethanol
expansion have concluded that a major investment in infrastructure is needed, ranging
from $1 billion a year for the next 20 years for production of just over 100 billion liters
to $1 billion a year for production of 31 billion liters by 2020.
The other significant bottleneck to export growth is port capacity. The primary
constraints are crowding due to a lack of shipping berths and terminals, storage capacity
in ports, and depth of shipping channels. Determining where and how an estimated
$320 million in short-term (to increase export capacity by 7 billion liters) investment is
distributed is under active discussion today in Brazil, requiring an assessment of ports
as an intermediate step in a supply chain from farm to foreign market. Given Brazil’s
ambitious capacity expansion goals and the costs of port projects underway – terminals
($70 million each), shipping berths ($30 million each), etc. – investment needs in the
medium term are likely to be closer to $1 billion.
The interdependence of capacity expansion and infrastructure demands that both be
integrated into a common strategy. What is now required is a dual focus – looking
into Brazil to facilitate the growth of the biofuels industry in underdeveloped regions
and looking outward to how production reaches ports for exports. Industry leaders
complain that to date, infrastructure has followed, rather than led production. With
the current pace of investment, and with some $10 billion in new projects underway,
the time to move forward is now.

1. Develop an Agroenergy Infrastructure Fund that, with the Brazilian government
and private sector, would structure and finance integrated infrastructure projects
already identified or underway to service existing production as well as develop
new integrated infrastructure projects for areas of potential production. The Fund
would anticipate and create the market, rather than follow it:
a. Existing production projects: A number of projects are planned or underway
to facilitate export from areas of concentrated existing production. Notable
examples are the construction of a pipeline to connect the Sao Paulo State
REPLAN refinery with the Ilha D’Agua port in Rio de Janeiro and the planned
$600 million Petrobras pipeline expansion project. In these cases, the Fund
would provide financing for complementary infrastructure projects, as needed,
such as the construction of storage facilities, the expansion of terminals and
berths, and access roads to the pipelines.
b. Identified/Proposed Projects: There are also a number of projects that have been
proposed and which reflect a clear need, but for reasons of financing, regulatory
restrictions, or insufficient buy-in from key actors, have not moved forward.
Notable examples are a possible rail connection between Minas Gerais and the
Vitoria port in Espirito Santo and the development of an ethanol-dedicated
terminal in Sao Paulo state. In these cases, the Agroenergy Infrastructure Fund
would collaborate with relevant public-and private-sector actors to develop an
integrated infrastructure project, analyzing the entire supply chain to identify the
most cost-effective means of transport at each stage. A set of financing packages
would be made available to the appropriate actor or actors for each component
of the project.
c. New Projects/New Regions: In regions like Tocantins and Maranhao, integrated
infrastructure projects could serve as the impetus for the expansion of production
itself. In these places, pipelines or rail would help create a transport infrastructure
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Actions that could be taken to improve the infrastructure to support biofuels capacity
expansion are:
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system designed specifically for export. Today, the lack of infrastructure in these
regions is the primary disincentive to productive expansion. Studies done for
the Brazilian government predict that productive capacity could increase more
than six-fold if investment is made in new projects and the research necessary
to adapt cane production to these areas is successful. Infrastructure can lead this
investment, if projects are undertaken as part of a cohesive strategy, as advocated
by this report.
2. Conduct an in-depth study of the economic impact of current regulations which have
created a near monopoly in pipeline transport and suggest policy alternatives.
Cogeneration:
Cogeneration offers Brazil a substantial opportunity to increase generation capacity,
diversify its electricity system, improve the geographic distribution of generation,
address the specific vulnerabilities of hydroelectric power, and meet the government’s
rural electrification goals. 85.4% of electricity comes from just one source, hydro, with
current supplies concentrated in the country’s south and with an average loss of 16% in
distribution. Further, while industrial growth and urban populations are concentrated
in this same region, there is limited potential for new projects there. Additionally,
hydroelectric power is seasonally variable, and a drought in 2001 contributed to a
shortage that year. There is also a great disparity in Brazil between rural and urban
electrification, with nearly 60% of rural households in the country’s north still without
electricity according to the most recent data. The government has recognized these
issues and is actively engaged in their resolution through new hydro, nuclear, and
renewable power projects, the ProInfa program, and an ambitious rural electrification
program, Luz para Todos. Cogeneration is not an alternative to these efforts; it is an
additional source of power that could make a much greater contribution than it does
today to addressing the specific vulnerabilities of the system. According to Brazilian
government estimates, if existing mills upgraded to high-pressure boilers, they could
provide more than 6% of the country’s power consumption in 2004, and that does
not consider further technological advances or the construction of new mills. To best
exploit this opportunity, the following actions could be taken:
1. Identify appropriate policy reforms to encourage cogeneration by streamlining
the bureaucratic process or, possibly, providing a blanket authorization allowing
producers to connect to the grid.
2. Conduct an in-depth study of the potential of biofuels as a source of “off-grid”
electrification, either through biodiesel-fueled systems or through mill-generated
electricity used locally.
3. Provide financing lines for investment in high-pressure boilers and infrastructure to
connect to the grid.
Communications:
Access to the internet in Brazil is still far from universal, but is growing rapidly and
offers a platform for increased efficiency in the biofuels industry and an increased
connectedness with global markets. Unlike fossil fuels, biofuels can be produced on
a relatively small scale, which fits into the Brazilian government’s additional goal of
using the industry as a tool for rural development. These smaller producers could gain
efficiency by using the internet to establish virtual economies of scale. This could be
through simple knowledge and information sharing, or though a more sophisticated
system of collective purchasing and marketing.
Prepared by Garten Rothkopf
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Further, as global markets develop, electronic trades in liquid global markets should
allow producers and consumers with access to the system to have direct links to one
another, or to a common global futures exchange on which to trade their products,
rather than rely on a trading company. In effect, the middle men will disappear.
Possible actions to support these developments include:
1. Developing an “Agroenergy Internet Project” which would:
a. Serve as an initial platform for knowledge and information sharing between
producers;
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b. Develop into a means of establishing “virtual economies of scale” through
collective purchasing and marketing; and
c. Connect producers to Brazil’s Innovation Center of Excellence network to
facilitate the dissemination of new technologies and improved agricultural or
processing methods.
2. Provide training to farmers and small-scale producers to ensure that they can reap
the benefits of such a system.
3. Create a “micro-financing” line that would enable small-scale producers to acquire
the necessary technology to access these systems.
Pillar 4: Building Global Markets
Brazil’s ethanol expansion strategy rests on the promise of global markets, but
the continued growth of international trade cannot be taken as a given. Due to the
price and supply volatility of oil, many nations are embracing biofuels as a means of
reducing their oil dependence. However, in the drive to augment domestic production
capacity, few countries have recognized biofuels trade as an integral component of
their energy security strategy. Protectionist measures, heterogeneous classifications
and undeveloped trading mechanisms impede the cross-border flow of biofuels.
While domestic investment will assist countries’ to diversify their energy supply
portfolios, adverse weather conditions or damage to domestic feedstocks could actually
undermine energy security if there is not a functioning, liquid market to rapidly supply
shifted demand.
While biofuels are currently traded on a limited scale, a defined set of production
and exchange standards will need to be established in order to facilitate the free flow
of supply stocks. Establishing an international, cooperative trading framework is
undoubtedly complex and will require the participation and agreement of nations
currently employing (and promoting) unique standards. With the exception of recent,
preliminary discussions within the World Trade Organization, there has not been a
collective international effort to harmonize biofuels standards and to develop a trading
mechanism to facilitate the exchange. The WTO does not currently define fuel and
non-fuel ethanol and, further, has not determined the appropriate treatment for
biofuels given the substantial subsidies and state support currently characterizes the
industry. As a pioneer and leading global producer of ethanol, Brazil has, however,
engaged in an international diplomatic and commercial campaign to promote global
biofuels exchange.

• As part of the Global Centers of Excellence Initiative, the IDB could support the
creation of a Global Standards Initiative to develop, promote, and foster the
adoption of global standards in biofuels production, processing, transportation, etc.
At the outset, the IDB and other International Financial Institutions could jointly
sponsor an international conference bringing together governmental, industrial,
agricultural, and commercial stakeholders to draft preliminary biofuels standards;
• Provide financial, political and organizational support for the development of an
international biofuels certification board that guarantees the quality and composition
of exported biofuels;
• Support the creation of a strategic ethanol reserve in Brazil to prevent disruptions in
the domestic supply of ethanol and preserve Brazil’s global reputation as a reliable
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Timely efforts to harmonize standards, reduce trade barriers, and standardize contract
requirements will help provide a basic framework for a functioning futures market
allowing buyers and sellers to reduce their exposure to the various risks associated with
commodity trade. At present, the Brazilian Mercantile Futures Exchange (BM&F), the
Chicago Board of Trade (CBOT), and the New York Board of Trade (NYBOT) offer
ethanol futures contracts, although a limited scale. In order for one of the referenced
Boards to gain the confidence of traders and become the primary mechanism for
international ethanol exchange, it must incorporate a harmonized set of international
standards, provide sound financial infrastructure and have sufficient liquidity. While
barriers remain, the global demand for biofuels continues to grow and the need for a
functioning global market becomes increasingly acute.
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producer;
• Support the BM&F as a preferred biofuels exchange board and assist in the
modernization of exchange such that the BM&F will operate at a level on par with
the NYBOT and CBOT;
• Coordinate with other International Financial Institutions such as the African
Development Bank, Asian Development Bank and others to support technology
transfer to diversify and increase global capacity and assist producers in adapting
current facilities for bio-fuel conversion;
• Cultivate dialogue with the automobile industry to develop more efficient engine
technology and promote flex-fuel vehicles around the world;
• Incorporate all stakeholders including the petroleum industry into periodic global
biofuels strategy sessions to enhance cooperative ‘buy-in’ and to broaden the scope
of biofuels promotion.
In the Region:
The story does not end with Brazil. Countries throughout Latin America have biofuels
industries in varying stages of development. This study examined the potential
in countries and the needs that might be addressed by the IDB with the same four
pillar framework. Rather than prescribe a formula for the development of a biofuels
industry, which would be unable to reflect the diversity of conditions, advantages, and
challenges throughout the region, this report has instead identified a number of areas
of common need:
1. Feasibility Studies: There are a variety of countries interested in entering the
biofuels market or significantly expanding production, and they require, or will
require, technical assistance and financial support in analyzing the feasibility of
such a move, as well as for pilot programs. There are several reports available
on biofuels development at the regional level; however, a number of countries
have expressed an interest in studies which focus on the specific issues facing their
particular country, including the impact of biofuels production on their economy
or the competitiveness and viability of biodiesel production within their borders.
Guatemala and Honduras, for example, are two countries with the potential for
commercial-scale biodiesel and ethanol production, and they have each voiced an
interest in individual, detailed feasibility studies to outline the potential impact of
biofuels development. A number of other studies could be executed in a variety of
countries, such as:
• Examination of soil quality to identify optimal areas for feedstock cultivation and
test farms for the growth and harvest different feedstock;
• Environmental impact assessment of biofuels production, including water demand,
deforestation, soil erosion and degradation, and carbon and other pollutant
emissions from production;
• Examination of the rural development impact of biofuels production and the
potential for social inclusion programs tied to the industry; or
• Assessment of government biofuels incentives and subsidies to promote and
support production and use, or simple demand guarantees, and evaluation of the
sustainability of biofuels markets.
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Countries already producing biofuels are also looking to generate economies of scale
and, in some cases, identify export markets, which also require study of the feasibility
of co-generation and co-product development as well as that of improving harvesting
and production processes, and an examination of global markets to identify demand
gaps which need to be filled.
2. Regulations: Of the 22 countries examined in this report, a number which excludes
Brazil, only five (all in South America) have a cohesive national biofuels plan. Of
these same 22 countries, 50% have regulations to either mandate blend targets,
to define the parameters of the sector, or outline fiscal incentives for production;
four countries have pending legislation. These countries are at varying stages
of development, from Colombia, which has comprehensive regulation as well as
production, to Trinidad & Tobago, which dehydrates and exports ethanol but has
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no national framework in place. In countries where there is not a comprehensive
framework in place, regulatory assistance and collaboration would be beneficial.
The following have been identified as areas of need for LAC in terms of regulatory
structure:
• Privatization - including the overhaul of aging and inefficient government sugar
industries, including plant infrastructure;
• Market Parameters - including the development of fuel definitions and specifications;
the mandate of environmentally and socially sustainable methods of feedstock
cultivation and biofuels production; and the creation of incentives for production,
such as tax holidays;
• Domestic Consumption - including mandatory blending; mandatory use of biofuels
by public vehicles and taxi fleets (to ensure a minimal level of demand); public
education campaigns; and tax structures which support the competitiveness of
biofuels; and
• Clean Development Mechanism (CDM) Project Development - including the
provision of assistance to project sponsors hoping to develop CDM projects in
the host country, and the establishment of regulations to account for uncertainties
regarding the Kyoto framework extending beyond the Protocol’s 2008-2012
commitment period or between periods.
3. Capacity Expansion: As countries increase their biofuels production and
consumption, they will need to augment their processing capacity. This could
require financing lines for land and equipment acquisition. Seven of the 22 countries
examined in this report have mandatory blending regulations in place. To move
beyond a certain blend level (roughly 10%), consumers will need access to flex-fuel
technology.
4. Infrastructure Financing: Infrastructure development is a formidable obstacle to
biofuels development in parts of the region. As industries grow, infrastructure
needs will include investment in storage tanks and transport needed for distribution.
As production increases and blend levels rise, particularly with the use of secondgeneration technology, major investment will be needed for dedicated pumps at
fuel stations and increased capacity in domestic and export infrastructure. Recent
reports by the World Bank and IDB have highlighted Latin America’s infrastructure
lag vis-à-vis Asia and OECD countries. A concentrated effort in strategic transport
infrastructure must include pipelines, which are the most cost-efficient means
of transporting fuel in large quantities. Port infrastructure, including dedicated
terminals and storages facilities, will be critical as well to the region’s biofuels
export competitiveness.

The IDB has the resources and qualities to play a useful role in addressing these needs.
As a regional institution, it can work with individual countries and facilitate regional
initiatives, be they infrastructure projects or technology transfers. A number of ideas
for possible IDB programs are listed below.
• Launch a Global Biofuels Market Development Fund that could help address
financial barriers to biofuels production and consumption. The bank could assist
in financing a variety of the phases of industry development and growth, including
feasibility studies, technological advancement, financing capacity expansion,
infrastructure development, and regulatory improvement, through lending to
public and private entities using equity, debt and risk insurance instruments.
• Creating a legal and regulatory framework for biofuels production is an essential
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5. Innovation Support: For countries across the board, there is a need to promote
technological advancement and to match labor training to support the development
of competitive, efficient biofuels production region-wide. In addition to cultivating
and supporting indigenous innovative capacity, countries in the region would
benefit from collaborative efforts on R&D and technology transfer within the
biofuels community locally as well as globally.
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EXECUTIVE SUMMARY
first step. The Bank could play an important role as a center of expertise through a
Hemispheric Renewable Resource Regulatory Initiative. Such an initiative would
provide technical assistance in framework-building and benchmarking to measure
regulatory progress. It might also coordinate forums in which countries could
exchange regulatory experiences, highlight successes and failures, and discuss
long-term regional integration prospects for the biofuels industry.
• For the countries of the Caribbean Basin, regional collaboration will be particularly
important in developing feasible innovation programs. Because these countries
have smaller budgets but share common characteristics with neighboring countries,
collaboration on research and development offers a viable option for developing
innovating technology while sharing the cost burden of investing in R&D activities.
To support this effort, the IDB could support an Ethanol Research & Development
Project of the Caribbean Basin. The project could, among other activities, provide
financial and technical assistance to build R&D regional programs, incorporate the
private sector into funding and research activities, and support the strengthening
of regional trade agreements and patent-enforcement laws to facilitate the transfer
of ideas and technology across borders.
• The IDB could sponsor the creation of a hub for the development of next-generation
biodiesel technologies and markets, linked to Colombia’s strong potential in palm
oil-based biodiesel. This Next-Generation Biodiesel Research and Development
Project would be a cooperative endeavor among a range of countries with interests
in biodiesel (most countries in the region) and would enable the creation of the kind
of collaborative environment required to maximize the output of research efforts.
• Similar to the initiative described above, the IDB could sponsor a Next-Generation
Ethanol Research and Development Project as a hub for the development of nextgeneration ethanol technologies and markets based on Chile’s competitive position
in the export of woodchips. Already, countries such as Sweden are investing
heavily in technology to lower the cost of cellulosic ethanol production from wood
products. Based in Chile, this center would bring together research talent from
countries throughout the region with forestry/cellulose industries interested in
ethanol production from this feedstock to maximize the effectiveness and spread
the benefits of this effort.
• In 2006, with support from the IDB, the Mesoamerican Biofuels Working Group was
formed. The countries represented by the group are currently investigating ways to
expand their biofuels consumption and production capacity. The IDB can further
promote biofuels production expansion in the region by launching a Mesoamerican
Capacity Expansion Initiative to help coordinate activities in connection with
the various organizations, plans and agreements in place that touch on biofuels
development.
• Pacific trade is booming, and Asian markets such as China and Japan are projected
to have massive shortfalls in biofuels production in the coming years, but Latin
America’s export infrastructure faces east. The existence of such hub ports not
only increases the level of trade through those facilities, but also lowers the costs
of transportation for the region as a whole. Through a Trans-Pacific Infrastructure
and Market Development Project, the IDB could support regional biofuels “hubs” or
transport centers, helping to facilitate trade between supply and demand centers.
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1) Global Energy Markets
The purpose of this report is to assess the competitive position of Brazil and other
countries of Latin America and the Caribbean in the global biofuels industry looking
forward to 2020. It is a market that is more potential than actual. It is heralded as a
panacea by some and condemned as a false promise by others. Neither assessment
is accurate. Biofuels will not, in the medium term, cure the world of its dependence
on fossil fuels, but they do represent a clean alternative with many possible benefits.
The development of this industry will depend on choices–the choices of governments,
consumers, and investors–and those choices will be made within the context of global
energy markets. As such, this analysis must begin with the outlook for global energy
demand, supply, and the geopolitical, environmental and social factors that will shape
decision making.

1.1) Drivers of Global Energy Markets
A) Introduction
A survey of the leading energy information sources, from international institutions to
governments to major energy companies, yields a range of projections and analytical
approaches, but there is consensus that certain key issues will drive the evolution of
energy markets. On the demand side, population and economic growth, and more
specifically urbanization, industrialization, and trends in energy efficiency, are critical.
On the supply side, the key questions are when, how, and at what pace we will deplete
the world’s fossil fuel reserves. The concentration of reserves in volatile regions also
creates deep concern about the security of supply and price volatility. Over and above
calculations of supply and demand loom major environmental concerns. As the negative impact of climate change becomes apparent, the hunt for alternative sources of
clean, green energy is accelerating. Green energy is no longer a choice, it is a requirement.
B) Energy Demand
Projections for the growth in global energy demand from 2005-2020 range from 25% to
30%. All sources agree that this growth will be driven by the developing world, which
will account for the vast majority of world population growth. Economic growth in
developing countries will be energy intensive as industrialization proceeds and urbanization introduces new populations to conventional energy use. In contrast, already
industrialized countries are expected to move increasingly into less energy intensive
service and knowledge economies. The International Energy Agency estimates that
non-OECD countries will account for 71% of the growth in oil consumption, compared
to 29% in the OECD. The US Energy Information Agency predicts that by 2025, developing countries will increase energy consumption by 91%, while energy consumption
in industrialized countries will grow just 33%. The International Energy Outlook 2006
foresees the growth in energy use between 2003 and 2030 in non-OECD countries outpacing OECD countries, with average annual growth rates of 3% and 1%, respectively.
The implication of this is clear: developing countries will be increasingly vulnerable to
supply scarcity and volatile energy prices.

In the past half century, global consumption of commercial energy has risen fourfold1,
outpacing even the unprecedented growth in world population. Though the U.S is
still the largest oil consumer, emerging economies already account for more than half
of the world’s total energy consumption2, and demographic and economic trends indicate they will become increasingly responsible for world energy demand. The United
Nations predicts that by 2050 world population will reach 9.1 billion, an addition of
34 million persons annually. Presently, 95% of all population growth is taking place
in the developing world, and it is estimated that by 2050 the population of the more
developed countries as a whole will decline by about 1 million persons a year.3 The 50
least developed countries are expected to reach 1.7 billion persons by 2050 (more than
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doubling their population in 2005), while the rest of the developing world’s population
will reach 6.1 billion (up from 4.5 billion in 2005) [Chart 1.1a]4. Clearly, developing
countries will require a larger share of world energy resources in order to meet the
demand of their growing populations.
Chart 1.1a: Population Dynamics by Development Group
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the United Nations Secretariat (2005). World Population Prospects: The 2004
Revision. Highlights. New York. United Nations.

D) Economic Growth
There is consensus that economic growth, particularly in the developing world, will
be another critical driver of energy demand. Many developing countries are experiencing dynamic growth and are expected to account for an ever-growing portion of
global GDP [Chart 1.1b]. Perhaps most famously, Goldman Sachs has predicted that
the giants of the emerging markets—Brazil, Russia, India and China (the BRIC countries)—could account for more than half the size of the G6 in US dollars terms in less
than 40 years. Exxon Mobil projects that developing economies will grow from 20% to
30% of global GDP.5
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As per capita incomes in developing countries rise, energy consumption will increase
to meet people’s expectations. Higher incomes will result in a shift away from local
biomass energy sources and towards an increased reliance on carbon-intensive energy.
The World Bank reports that, historically, each 1% increase in GDP has led to a 1% increase in carbon dioxide emissions.6 ExxonMobil predicts that the economies of China,
India, Indonesia and Malaysia will produce an average annual economic growth of 5%
for non-OECD Asia Pacific, creating combined economic output that approaches that
of Europe.7 The IEO2006 points out that, with the exception of non-OECD Europe and
Eurasia, energy demand and economic growth have been closely correlated for the
past two decades.8 It is clear that industrialization and urbanization are the key elements responsible for this close relationship.
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Chart 1.1b: Historical and Projected GDP
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Chart 1.1c: Energy Demand and GDP
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Industry is relatively energy-intensive compared to an agrarian economy, at one end of
the development spectrum, or a service economy, at the other end. Countries that are
more mature energy consumers with well-established infrastructure will use energy
more efficiently, particularly as they move toward less energy-intensive service industries. On the other hand, as developing countries continue to industrialize their energy needs will expand. According to the 2004 Global Energy Challenges Conference,
led by the Executive Director of the IEA, developing economies will greatly expand
their energy intensive industries over the next 30 years, making them relatively more
vulnerable to increasing oil prices than industrialized economies. The World Bank
estimated that service sectors could constitute 60% of GDP in developing countries
in 2050, but that figure would still be 10 percentage points lower than in developed
countries today.10 China’s heavy industrial outputs, for example, accounted for 69% of
its total industrial output, and the country’s oil demand is not expected to peak until
2040.11 Primary and industrial sectors−those requiring large energy inputs−will play a
significant role in emerging market economies well into the 21st century.
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F) Urbanization
As the world’s population increases, it will also become increasingly urban. In 2005,
49% of the world’s population lived in urban areas. By 2030 that figure is expected to
reach 60% or 4.9 billion [Table 1.1a].12 Today, the majority of those living in developing
countries still reside in rural areas. ExxonMobil points out that 1.6 million individuals still lack access to electricity, and 2.4 billion people use only basic fuels, such as
firewood, instead of fossil fuels. The UN predicts that by 2030, 56% of the developing
world, or 3.9 billion people, will be urban dwellers, a population that will be nearly
four times as large as that in developed countries. As an increasing percentage of the
world’s people move to urban areas, there will be marked shift from the consumption of biomass to the consumption of fossil fuels. With the average per capita energy
consumption of urban citizens 3.5 times that of rural residents, the demand for energy
will increase dramatically.13 Accordingly, BP sees urbanization as a key driver of future
energy demand. The Global Energy Center, supported by the U.S. Department of Energy and the utility industry, suggests that rapid urbanization and economic growth,
particularly in developing economies, will lead many countries to look for new energy
resources and environmental policies.
Table 1.1a: Total, Urban and Rural Population by Development Group, Selected Periods, 1950-2030
Development Group
Total Population
More developed regions
Less developed regions
Urban Population
More developed regions
Less developed regions
Rural Population
More developed regions
Less developed regions

More developed regions
Less developed regions

Population (Billions)
1950
1975
2000

2005

2030

Average Annual Rate Of Change
1950-2005
2005-2030

0.81
1.71

1.05
3.03

1.19
4.89

1.21
5.25

1.25
6.95

0.73
2.04

0.13
1.12

0.42
0.31

0.70
0.82

0.87
1.97

0.90
2.25

1.01
3.90

1.37
3.61

0.47
2.20

0.39
1.40

0.35
2.21

0.32
2.92

0.31
3.00

0.24
3.05

-0.40
1.39

-1.07
0.06

73.2
40.3

74.1
42.9

80.8
56.1

Rate of Urbanization (%)
0.64
0.35
1.57
1.08

Urban Percentage
52.1
66.9
18.1
26.9

Source: United Nations, Department of Economic and Social Aﬀairs, Population
Division (2006). World Urbanization Prospects: The 2005 Revision. Working Paper
No. ESA/P/WP/200.

G) Transport Sector
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Estimates vary considerably as to how patterns of energy consumption will change in
various sectors of the economy. The International Energy Outlook 2006 predicts that
worldwide energy demand in the industrial sector will grow most rapidly, at an average rate of 2.4% per year, and that transportation will see the slowest rate of growth at
1.4 % per year. For its part, BP estimates that the power sector will be critical to growth
in energy demand. Its analysis predicts that developing countries will rely more on
the power sector than the transportation sector due to the rapid expansion of energyintensive industries over the next two decades. BP expects that the power sector will
account for 40% of total energy needs by 2030, twice as much as transportation [Chart
1.1d].
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Chart 1.1d: Demand Growth by Sector
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Yet the transport sector remains a critical variable in the energy equation, particularly
in the developing world. Most of the projected growth in demand for petroleum products in the transportation sector comes from the non-OECD economies (2.3% per year)
as compared with the OECD countries (0.8 % per year).14 A recent publication by the
IAE looks at the relationship between growth in per capita income and automobile
ownership in Asian countries. The report contends that the key uncertainty for projecting Asian oil demand is the extent of future automobile ownership and use.15 A recent
sharp rise in automobile ownership in China has increased the country’s demand for
oil to such an extent that Chinese experts now expect oil shortages to become a chronic
problem, fundamentally threatening the country’s energy security.16
Chart 1.1e: Car ownership and per capita income in a selection of developed and
developing countries
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H) Efficiency
Thanks to technological innovation and the shifting patterns of global industrialization, the U.S. and other developed countries are able to harness more economic growth
from each barrel of oil consumed than ever before.17 Moreover, rapid urbanization in
developing regions has resulted in the more efficient use of energy resources even as it
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has increased overall energy demand. For instance, as Chinese households have seen
their incomes rise, they have shifted from the use of firewood to fossil fuels. Typically,
energy intensity (the amount of energy required to produce a unit of GDP) increases
during the first stage of industrialization in developing countries before decreasing as
an economy matures. The UN cites a decline in global energy intensity of more than
28% during the past decade, with efficiency improving in major industrialized and
developing countries.18 Yet, industrialization and urbanization, and the accompanying
shift from biomass to fossil fuels have still resulted in a dramatic increase in greenhouse gas emissions and air pollution; China has 16 of the world’s 20 most polluted
cities. Economic growth stimulates the demand for better quality energy, but many developing counties are still struggling to meet their energy needs in an efficient and sustainable manner.19 The opportunity for improved energy efficiency exists, yet access
to affordable technologies, and the transfer and adoption of knowledge remain major
hurdles to the implementation of efficient energy solutions in the developing world.
I) Supply Side Overview
“Energy security” has become a broad term that encompasses the availability and cost
of energy resources, political stability, terrorism and militant fundamentalism, environmental concerns about climate change and pollution, and the rising role of India
and China in the global energy market. Paramount to energy security is the political
stability of oil exporting nations, the security of oil fields within these nations, and the
security of transport routes used to deliver product to market.
World attention remains firmly focused on the Middle East oil supply. The Gulf Region holds 65% of the world’s proven oil reserves and is beset by persistent political
turbulence−from Iran’s nuclear ambitions to terrorism in Saudi Arabia and the war in
Iraq−resulting in a volatile oil market and rising prices.20 But political instability is not
limited to the Middle East. Oil production in Nigeria has been hampered by attacks on
pipelines, and nationalism and political turmoil have created doubts about the stability
of Latin American supplies. Exacerbating the volatility of the world oil market is uncertainty about how much oil exists and how quickly those reserves will be depleted.
As demand for oil increases at a record pace, there is growing concern about the ability
of oil production to meet demand and the price increases associated with dwindling
supplies. The major forces shaping global energy supply are pushing consumers, governments and corporations to mitigate the risk associated with oil dependency.
I-1) Fossil Fuel Reserves
Together, oil, natural gas, and coal constitute 80% of global energy consumption, and
at the current annual rate of production BP estimates that about 155 years of coal, 40
years of oil, and 65 years of natural gas remain.21 Major debate exists over remaining
oil reserves, and most analyses distinguish between “proven” reserves—those that can
be economically developed with known technologies—and reserves that are less certain or difficult to access with existing technology [Chart 1.1f]. The future composition
of world oil supply and production expansion are similarly difficult to predict, but the
International Energy Outlook 2006 indicates that non-OPEC countries will meet the
majority of increased oil demand during the next 25 years [Chart 1.1g]. This figure,
like any existing fossil fuel reserve estimate, is highly dependent on factors such as
resource extraction, investment in production, and the accessibility of new reserves.
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Chart 1.1f: OPEC and non-OPEC Total Petroleum Liquids Production
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Chart 1.1g: World Proved Oil Reserves
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Many experts agree that world oil production is close to peaking. Absent significant
new developments, existing excess production capacity will likely soon disappear and
an already volatile market will be even more vulnerable to shocks. In its annual World
Energy Outlook, released in November 2006, the IEA indicated that “despite the recent
rise in the oil price and the jump in investment, the world’s energy industry was not
building enough new oil and gas capacity to ensure secure supplies.”22 Indeed, the IEA
now predicts that nominal oil prices will hit $97.30 a barrel in 2030.23
J) The Environment
Concerns about global warming and carbon dioxide emissions are gaining traction in
the geopolitical arena and are igniting serious interest in the development and adoption of alternative and renewable sources of energy. There is a general scientific consensus that increases in the Earth’s temperature at the surface are largely the result of
emissions of carbon dioxide and other greenhouse gases from human activities, including industrial processes and fossil fuel combustion. The effects of global warming are
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numerous and have been linked to a greater frequency of extreme weather conditions,
including droughts, heat waves and floods caused by rising sea levels. Increasingly,
developing countries, and small island nations in particular, are bearing a disproportionate share of the effects of global warming and have limited resources to invest in
cleaner and more efficient energy. According to the Deloitte report, Energy in Flux,
fossil fuel use accounts for 45% of all carbon dioxide emissions. Of this 45%, one third
comes from vehicles.24 Since 1990, transport has recorded the fastest greenhouse gas
emission growth in the EU, Japan and the US.25 Urban air pollution itself is also an
acute problem in many cities in the developing world, especially in Asia [Chart 1.1h],
and the health impact of air pollution is currently second only to the impact of water
and sanitation in urban areas.26
Chart 1.1h: Global Perspective of Urban Air Pollution
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Faced with this challenge, countries across the globe have responded with the Kyoto
Protocol.

1.2 The Kyoto Protocol 28
A) Introduction
The Kyoto Protocol was created under the United Nations Framework Convention on
Climate Change (UNFCCC) to address growing concerns over greenhouse gas emissions and climate change. Kyoto mandates the reduction of carbon emissions and
provides incentives for member countries to sponsor clean energy projects in other
countries, particularly developing countries.
B) The Agreement
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30

The UNFCCC went into effect in 1994 with the intent of creating a multinational framework to coordinate government efforts to address climate change. Quite soon, however, member states sought ways to augment the Convention by mandating reductions in greenhouse-gas emissions. They began working on a protocol which would be
tied to the Convention, but also have autonomy as a stand-alone agreement. Members
unanimously approved the text of the Kyoto Protocol in 1997. In 2001, the Marrakesh
Accords provided detail on how the agreement would operate, and Kyoto went into
effect February 16, 2005.
Kyoto requires most industrialized member states to reduce emissions by 8% to 10% of
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their 1990 emissions levels (though a few countries may increase emissions) and seeks
an overall reduction in global emissions of at least 5% during 2008-2012. Kyoto anticipates that member states will then set targets for future reductions.
Table 1.2a: Emission Reduction and Increase Targets for 2012

The European Union target-range includes variations in emissions allowances per
country, such as 28% and 21% reduction targets for Luxembourg and Denmark respectively, and 25% and 27% increase caps for Greece and Portugal respectively. Kyoto
offers flexibility in how member countries may meet their targets. Countries may, for
example, partially compensate for their emissions by increasing sinks, or forests that
remove carbon dioxide from the atmosphere either domestically or in other countries.
Countries may also fund other foreign projects that result in greenhouse-gas cuts.
Several mechanisms have been set up to achieve these ends, including emissions trading, joint implementation, and the clean development mechanism.
C) Protocol Mechanisms
C-1) Emissions Trading
Emissions trading, as outlined in Article 17 of the Kyoto Protocol, allows Annex I Parties29 (developed countries) to acquire units from one another to help meet Protocol
emissions targets. This provision enables Parties to take advantage of lower-cost opportunities to reduce emissions, regardless of where those opportunities exist. Only
countries with emissions limitation and reduction commitments [Table 1.2a] may participate in emissions trading; those countries may transfer units when they no longer
need them to meet their own emission targets. The units which may be transferred are
each equal to one metric ton of emissions (in CO2-equivalent terms).

The clean development mechanism (CDM), defined in Article 12, provides a mechanism for developed countries to implement projects which reduce emissions in nonAnnex I Parties, in return for certified emission reductions (CERs). CERs generated
by CDM projects can, in turn, be used by developed countries to help meet their emissions targets, as well as to assist developing-country project hosts in achieving sustainable development. The goal of the CDM is to promote investment in developing
countries, especially from the private sector, and the transfer of green technologies.
Developed countries may use CERs from CDM projects to help meet their emissions
targets, though they may do so only up to 1% of the country’s emissions in its base year
annually during the five-year commitment period.
C-3) Joint Implementation
The Joint Implementation (JI) principles, defined in Article 6, allow developed countries to implement emission-reducing projects, or projects that enhance emission re-
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movals by sinks, in another developed country. The project sponsor may then count
the resulting emission reduction units (ERUs) towards its own Protocol target. Developed countries may also authorize legal entities (businesses, NGOs or other bodies)
through national registry offices to participate in JI projects on the country’s behalf and
under its responsibility. As with CDM project activities, JI projects must have the approval of all Parties involved and reduce or enhance the removal of emissions in ways
that would not have occurred without the project.
C-4) Activities Implemented Jointly
Under the activities implemented jointly (AIJ) pilot phase, developed countries are allowed to implement policies and measures in conjunction with other members. Under
this phase of the program, as apposed to the CDM and Joint Implementation mechanisms, no carbon credits accrue to any participating Party. The program is designed to
help members build practical experience through hands-on, real-world implementation. Designated National Authorities (DNA)are official national contacts for AIJ projects, and there are a number in the developing regions of the world [Table 1.2b].
Table 1.2b: Kyoto Protocol Member Party Statistics
Region
Annex 1 Parties
Africa
Asia/ Pacific
Latin America/
Caribbean
Other

Member
Parties
37
42
48

Parties
w/ DNA
21
29
30

Parties w/ Project
Experience
Not Available
9
23

Parties w/ Project
Registered Projects
15
4
17

32
7

25
7

19
3

16
2

Source: CDM/ UNFCCC30

D) The Protocol and Biofuels in Latin America
The Kyoto Protocol offers a distinct opportunity for the development of ethanol and
biodiesel initiatives in the region, particularly in Brazil. Latin America is second only
to Asia as a location for CDM projects [Chart 1.2a]. There is interest in investing in
these types of projects in the region, and there are parties already experienced in the
CDM process.
Chart 1.2a: Number (Percentage) of Total Registered Project Activities by Region
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2) Biofuels Competitiveness
The main drivers of global energy demand to 2020 and beyond will be:
•
•

Population Growth 		
Economic Growth 		

•
•

Industrialization
Urbanization

As has been demonstrated, these pressures will be strongest in the developing world.
On the supply side, the depletion of the world’s fossil fuels will continue, though the
precise pace and course is uncertain. Concerns about geopolitical instability and fuelsupply security, as well as pollution and climate change, are pushing the world to find
alternative sources of clean energy and reduce harmful emissions.
The Kyoto Protocol is an important element in this push, and it is particularly relevant
for biofuels production and consumption. The emission targets set forth by the accord
will likely not be met without change in the transport sector. If current policies prevail,
global energy use for the sector is projected to increase 55% by 2030. Moreover, the
transport sector is projected to have the fastest annual growth in emissions through
2030 (1.3 %).32 There is also uncertainty as to how fast the Asian automobile market
will grow as the region experiences a surge in its collective population, economy, and
levels of industrialization and urbanization. The data strongly indicate that effecting a
shift in the transport sector’s fuel consumption will be essential in addressing climate
change.
It is important to note, however, that the IEA’s Alternative Policy Scenario envisions
smaller emissions reductions in the transport sector than sectors such as electricity
generation because of its conservative estimate of the potential for biofuels and other
alternatives to replace fossil fuels in the medium term. Biofuels are projected to play
an increasingly important role in the transport sector; however, the levels of consumption differ between the base-case and alternative scenarios. For the 2030 alternative
scenario, biofuels use could reach 84.2 million and 62 million tons-of-oil-equivalent in
OECD and developing countries respectively, but this is still believed to be insufficient.
The alternative scenario posits that emissions reductions in the transport sector will
occur due to decreased oil consumption, stemming from increased use-efficiency; the
use of less carbon-intensive fuels; and changes in transportation modes, rather than the
extensive adoption of biofuels.33

In order to showcase the competitiveness of biofuels against other alternative transport
fuel options, this section will examine biofuels, by outlining their feedstock, production
processes, and advantages and disadvantages. A similar, but more concise delineation
of the same for coal-to-liquid technology and hydrogen fuel cell technology follows.

2.1) Ethanol and Biodiesel
The focus of this report is on the biofuels ethanol and biodiesel. It should be noted that
because the ethanol sector is much more developed than the biodiesel sector, there is a
larger pool of data and research on ethanol.
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This dichotomy creates a space in which the Kyoto Protocol can act as a driver both
for the increased inclusion of biofuels into the global energy matrix, and for increased
investment in biofuels projects as a means of generating carbon credits through the
mechanisms created under Kyoto. If biofuels are to make a bigger impact in the reduction of carbon emissions, a greater effort is needed to encourage wider consumption,
which will in turn require increased production. Many developed countries have proposed a variety of biofuels measures, but they tend to focus on domestic production
for consumption. Due to the land constraints in most countries, however, and the high
relative cost of the biofuels production cycle in developed countries, domestic production alone will not suffice to significantly reduce carbon emissions. Importing biofuels
might run contrary to the domestic agroindustry policy and energy security goals of
some countries, but the failure to incorporate the transport sector into an overarching
carbon emissions reduction scheme would be environmentally counterproductive.
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A) Ethanol
A-1) Ethanol Definition
Ethanol is an alcohol-based, clean-burning fuel produced from renewable feedstocks.
It falls within the category of high-octane fuels, meaning it is highly efficient and preventative of engine knock. It can also be used as an oxygenate additive to gasoline
to reduce carbon monoxide emissions by increasing the gasoline’s octane quality, improving combustion, and diminishing exhaust emissions. It is produced from starch,
which can be derived from a variety of feedstocks including sugarcane, corn, potatoes,
sugar beets, switchgrass, barley, wheat and other grains, and through a variety of processes. Producers are also developing “second-generation” technologies which will allow them to produce ethanol from cellulosic biomass materials. In conjunction with
ethanol production, biochemical products are also being developed, which can be used
to produce bio-plastics and even pharmaceuticals.
A-2) Ethanol Production - First Generation
There are a variety of methods that can produce ethanol. The initial steps of each method tend to be feedstock-specific, but in all processes, the starch is extracted, fermented
and distilled into ethanol [Diagram 2.3a].
Diagram 2.1a: Variation of Common Ethanol Production Methods
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From Sugarcane - The process of producing ethanol from sugarcane entails :35
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1) Extraction – the sugarcane must be broken up to make the juice more easily accessible; this is typically accomplished using a three-roller press. The juice is then collected, and the leftover bagasse, comprised mostly of sugarcane stalks and water,
can be burned in boilers to co-generate power for the processing plant. Additional
steps such as imbibation or diffusion can maximize extraction. These steps involve
extracting the remaining sucrose by adding water to the bagasse.
2) Purification – there are a number of impurities contained in the juice once it is extracted, including dirt and small pieces of bagasse. Once extracted, the juice is typically filtered through a variety of methods such as straining, sedimentation, and
centrifuge force. It is then chemically treated, heated and put through a process of
evaporation to extract excess water.
3) Saccharification – lime is added to the juice mixture and the liquid is then heated and
cooled again. After this phase, the juice is pasteurized and sterilized.
4) Fermentation – the sugars are transformed into ethanol and carbon dioxide (a colorless, odorless gas produced by the respiration/ combustion of fuels containing
carbon; also used by plants as food)36 through a biochemical process where yeast is
added to ferment the sugars. This process includes several stages of fermentation
and can last from 4-12 hours. Afterwards, the yeast is removed from the ethanol
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by centrifuge.
5) Distillation – the mixture now contains 7-10% alcohol and unfermented solids. It
is processed in a series of distillation columns to remove the unfermented matter.
The ethanol leaves through the top of the final column with a strength of 96%, and
the leftover phlegm leaves through the bottom of the final column. At this stage,
ethanol contains some small percentage of water, typically 4%, and is called hydrous
ethanol.
6) Dehydration – to achieve maximum strength ethanol, the 96% mixture is dehydrated
using benzol, which is later removed, leaving a mixture of 99.7% ethanol, called
anhydrous ethanol.
The quality of the cane determines the amount of juice extracted. For good-quality
sugarcane, 100 kilograms of crop can yield up to 50 kilograms of juice made up of 22%
sugar, using the three-roller method. Sugarcane that has been harvested early would
typically yield less—roughly 40 kilograms —with a sugar content of 17%.37
From Corn - Corn can be processed through either dry or wet milling. The dry milling
process includes the following steps:38
1) Milling – the feedstock is ground into a fine powder called meal.
2) Liquefaction – the meal is mixed with water and an enzyme called alpha-amylase. It is
then passed through a cooker to liquefy the starch.
3) Saccharification – the liquid starch, or mash, is cooled and a second enzyme called
gluco-amylase is added to convert the liquid starch into dextrose, a fermentable sugar.
4) Fermentation – a biochemical process, yeast is added to the mash to ferment the
dextrose into ethanol and carbon dioxide. This process entails several stages of
fermentation and can last up to 48 hours.
5) Distillation – the fermented mash, now called beer and containing roughly 10% alcohol and unfermented solids left over from the feedstock and yeast, is processed in a
series of distillation columns to remove the unfermented matter. The alcohol leaves
through the top of the final column with a strength of 96% (hydrous ethanol), and the
leftover residue, usually called stillage, leaves the bottom of the final column and is
moved to a co-product processing area.
6) Dehydration – The remaining water is removed from the alcohol, often using a molecular sieve, and what is left is pure at nearly 200 proof (anhydrous ethanol).
7) Denaturing – a small amount of gasoline is added to the ethanol, usually 2-5%, making it ready for use as fuel as well as unfit for human consumption.
Distiller’s grain and carbon dioxide are the two main co-products of ethanol production. Distiller’s grain can be used as feed for livestock, and carbon dioxide can be compressed and sold for use in other industries.
In the wet milling process, the fiber, germ (oil) and protein are removed from the starch
so that it can be fermented into ethanol. The first step is what differentiates wet from
dry milling:39

For corn, dry milling is more cost effective than wet milling, and it requires less equipment. For wet milling, the equipment costs are high, and the process uses hazardous
sulfur dioxide. The advantage of wet milling is that valuable co-products such as corn
oil can be produced.40
A-3) Ethanol Production - Second Generation
The main process of second generation ethanol production involves the processing of
the cellulosic biomass material found in plants. Cellulosic materials are comprised
of cellulose, hemicellulose, and lignin (they are also called lignocellulosic materials).41
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1) Steeping/ Separation – the feedstock is steeped in water and sulfur dioxide for 24 to
36 hours to separate the starch and protein connections. The corn is then ground to
break apart the germ and kernel.
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The key to this process of development is accessing the carbohydrates contained within the cellulose and hemicellulose found in feedstocks. Cellulose is a polysaccharide
carbohydrate, the most common organic material on the planet and the main component of plant cell walls. Within these walls, cellulose is protected by a covering of hemicellulose and lignin (lignin also has commercial value). To process the cellulose and
hemicellulose for ethanol production, the plant stalk must be pretreated to expose the
carbon materials and allow them to be fermented and refined into ethanol or biodiesel.42 The lignin, which provides structural support to the plant body, is a non-fermentable residue which can also be used as a fuel; it is frequently used for co-generation to
power biofuel production plants.43
Thermo-chemical or gas-to-liquids processes can also be utilized to produce biofuels,
including ethanol, from biomass. Biomass materials can be thermo-chemically liquefied and then converted, through exposure to either a microorganism or a catalyst,
or fermented. This process, however, still requires further development to become
cost efficient.44 The Fischer-Tropsch gas-to-liquids process can also be used to produce
ethanol from biomass such as plant material, residues and other recyclable matter, but
is more often associated with second-generation biodiesel production and will be outlined in greater detail in that sub-section.
Second-generation processes will be pivotal to the advancement of the biofuels sector
because they allow more of a given crop to be used in the production of biofuels, maximizing output per hectare. They also minimize the need to plant additional feedstock
at the expense of trees or to divert crops away from use as food. If scientists can develop a firm understanding of the chemistry and biology of cellulose and of the microorganisms needed to break it down for processing, they will be able to unlock the great
potential of biofuels as a viable, sustainable, alternative energy source.
From Biomass - the breakthrough in second generation production of biofuels occurs
in the first two steps:45
1) Pretreatment – cellulose’s protective sheath of hemicellulose and lignin must be
treated to break it down, allowing for the release of the polysaccharides contained
therein and for the enzymatic hydrolysis of the cellulose, which can be achieved
either physically or chemically.
2) Hydrolysis – this step involves the conversion of cellulosic material into sugar and
can be executed using either acid or enzymes. Acid can function to pre-treat as
well as hydrolyze the cellulosic material; enzymatic hydrolysis, however, requires
a separate pretreatment step to break down the structure of the material and allow
the enzyme to gain access to the molecules to be processed.
Once fractioned, cellulose and hemicellulose yield glucose, a C6 monosaccharide (6carbon sugar). The hemicellulose also yields pentoses, a C5 monosaccharide. A common example of a C5 monosaccharide is xylose. Glucose, the most abundant sugar
in the material, is easily fermented into ethanol; however, an additional fermentation
process involving special microorganisms is needed to convert xylose.46 Learning how
to efficiently break down and ferment C5 sugars will be a major discovery for the biofuels sector.
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Acid hydrolysis can be performed with either dilute acid, which requires high temperatures and has a quick reaction time of minutes, but which has a sugar-recovery
efficiency of only 50%; or concentrate acid, which needs only mild heat and can have a
recovery rate of up to 90%, but involves a slow process often requiring several hours.
C5 sugars break down more quickly than C6 sugars, which means that prolonged exposure through the use of concentrated acid would lead to sugar degradation for C5
sugars, whereas quick exposure through dilute acid hydrolysis would lead to underprocessing for C6 sugars. While some experts have explored the idea of a two-phase
process in which C5 sugars are processed first under milder conditions, followed by C6
sugars using a harsher process, problems with sugar degradation and yield remain.47
The enzymatic process requires the discovery or development of enzymes, or naturally
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occurring plant proteins that bring about chemical reactions, which can convert carbohydrates to sugar without interacting with any pretreatment chemical residues or impeding fermentation. vThe enzyme process can be slow, requiring days, but there have
been developments in the types of enzymes that can be used to make ethanol, as well as
processes in which enzymes and yeast are added to materials to achieve simultaneous
conversion and fermentation.48
The barriers to development of second-generation processing capabilities lie in the lack
of complete understanding of the chemistry and biochemistry involved in the pretreatment and hydrolysis phases of cellulosic fuel production. For pretreatment, a need
persists for the development of chemicals which can break down the protective hemicellulose and lignin layers without impeding the processes which follow it, including
fermentation. For enzymatic hydrolysis processes, there is a high cost associated with
enzyme use, a lack of commercialization of viable enzyme products, and a lack of understanding of their biochemistry as it pertains to biofuel development.49
B) Biodiesel
B-1) Biodiesel Definition
Biodiesel is a clean-burning, high-octane, renewable fuel derived from fatty acid methyl esters (FAME) and ethyl esters (FAEE), or long-chain fatty acids found in plant oils
and animal fats. It is non-flammable and non-explosive, and it can be used in diesel
engines at its purist concentration or when blended with regular diesel fuel. Potential
feedstocks for biodiesel include rapeseed, canola, soy, palm oil, jatropha, used cooking
oil and variety of other vegetable seeds and oils.
B-2) Biodiesel Production - First Generation
Biodiesel is a young industry, and its production is much lower worldwide than ethanol.50 Biodiesel production usually occurs through the process of transesterification, in
which one ester is converted into another using an alcohol and a catalyst.

1) Extraction – the oil is extracted from the seed or nut either through the use of a solvent or through mechanical crushing.
2) Pre-Treatment - the oil is filtered and pre-processed to remove water and impurities.
Free fatty acids present in the oil can be removed or converted into biodiesel using
pre-treatment technologies.
3) Alcohol and Catalyst Mixing - an alcohol, either methanol or ethanol, and a catalyst,
usually sodium or potassium hydroxide, are mixed together and the pre-treated
fats and oils are then added to the mixture.
4) Reaction - the mixture is charged into a closed-reaction vessel; reaction time is from
one to eight hours. The mixture is kept above the boiling point for alcohol, usually
160 ºF, to speed up the reaction. Some systems advise that the reaction actually take
place at room temperature. During this phase, the triglycerides, or oil molecules,
are broken down and reformed into esters, or biodiesel, and glycerin.
5) Separation – the biodiesel and glycerin can be separated by gravity, as glycerin is
heavier, or by centrifuge, which is faster. At the beginning of the separation phase,
each contains an excess amount of the alcohol used in the initial reaction; the mixture can be neutralized if need be.
6) Alcohol Removal – if not neutralized prior to separation, excess alcohol is removed
through either flash evaporation or distillation. The alcohol can be collected and
reused, but care must be taken not to allow water to accumulate in the recovered
alcohol.
7) Glycerin Neutralization - unused catalyst and soaps still remain in the glycerin; they
are neutralized with an acid and the glycerin is stored. On some occasions, salt
forms during this phase. It can be collected and used as fertilizer.
8) Washing – after separation from the glycerin, the biodiesel can be gently washed, to
remove impurities such as catalyst or soap, and then dried and stored. Biodiesel
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From Oilseed Crops – this biodiesel production process involves:51
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can be distilled once more to produce a colorless fuel (the fuel is amber-colored after
washing).
An excess of alcohol is often used to ensure the complete conversion of fats and oils
to esters. The amount of water and free fatty acids in the incoming oil or fat must be
monitored because if they are too high, problems with soap formation and separation
will arise. Once the biodiesel is made, producers must take care to remove any water,
alcohol, catalyst, or free fatty acids.
Presscake animal feed and glycerin are the main co-products of this process. Glycerin, in particular, is a valuable chemical, the capture and sale of which improves the
economic viability of biodiesel production. Glycerin can be used to make cosmetics,
pharmaceuticals, and food, among other things. It can also be used as a fuel to power
the production process.52
B-3) Biodiesel Production - Second Generation
Second-generation biodiesel production is usually performed through gasification and
Fischer-Tropsch, or gas-to-liquids, processing. Together, this process is often referred
to as biomass-to-liquids production. The process was discovered in 1923 by German
researchers Franz Fischer and Hans Tropsch at the Kaiser Wilhelm Institute and was
used by Germany and Japan during World War II, but is not widely used today. The
process involves the liquefaction of natural gas and other gasified energy sources,
such as coal or biomass, into clean-burning, colorless fuel. This transformation is accomplished through the conversion of synthesis gas made up of hydrogen and carbon
monoxide, using iron or cobalt as a catalyst, into liquid hydrocarbons through a heatintensive process. For conversion into synthesis gas, biomass must be heated with little
or no oxygen present. Residues, leftover kernels and shells, and waste oil constitute the
biomass used in this production.
Diagram 2.1b: Biomass-to-Liquids Process
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C) Benefits & Drawbacks of Biofuels Use
There are a variety of economic and social benefits to biofuels use, which can in turn
have positive political benefits for a government managing successful biofuels policies
and projects. These benefits include:
o
o
o
o
o
o
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Reductions in greenhouse gas emissions
Improved energy security
Economic gains
Rural development and job creation
Foreign exchange savings
Reductions in waste

The potential benefits of biofuels, notably their higher yield-energy input ratio compared to gasoline, are currently under debate in the policy and scientific fields. It is
clear, however, that improved air quality, lessened dependence on foreign sources of
fuel, and agriculturally-based development are all potential benefits for both developed and developing countries.
The drawbacks to biofuels production and consumption center on the need for a large
crop to produce commercial-level volumes of ethanol or biodiesel. The requirement of
a large crop can have potentially negative environmental and human consequences of
its own. There is also concern that the fuel produced provides less energy per unit of
measure than gasoline.
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C-1) Greenhouse Gas Emissions
The transport sector was responsible for one-fifth of global greenhouse gas emissions
in 2001,53 and emissions from this sector are expected to grow at an average annual
rate of 1.3% between now and 2030 if energy policies remain static, a faster rate than
all other sectors.54 The use of biofuels could significantly reduce emissions, but only if
their use becomes more widespread.
C-1.1) Ethanol
Ethanol produces a smaller quantity of greenhouse gas tailpipe emissions than gasoline. Oxygen comprises 35% of ethanol fuel, which means that ethanol burns more
cleanly and completely than gasoline. The fuel is also biodegradable.55
The factors involved in the evaluation of ethanol’s emissions reduction qualities include: the emission of nitrous oxide and methane from fertilizers and pesticides used
in cultivation; the carbon dioxide released during the processing of ethanol; and the
carbon monoxide exhaust emissions from the transportation of fuels within the value
chain as well as their use in vehicles by consumers,56 although the 2004 IEA report on
transportation biofuels suggests that this effect is minor.57 The co-products of fuel
production, such as animal feed or co-generation of electricity, can also improve the
overall emissions balance of ethanol based on the products they displace and their
respective emission levels. Improvements in the value-chain processes would likely
achieve greater emissions reductions.58 Emissions calculations also depend on:59
• the feedstock used in production – corn versus sugarcane versus cellulosic material;
• the milling process used – dry milling (DM) versus wet milling (WM) for corn;
• the fuel blend level – 10% ethanol (E10) versus E85 or E100; and
• the type of car using the fuel – gas vehicles (GV) versus flex-fuel vehicles (FFV).
The emissions reduction figures also depend on the region in question. Some countries have mandatory blending proportions for regular gasoline—such as Brazil, where
regular gas must have an ethanol content of 20-25%—or use ethanol as an oxygenate
additive to increase the performance of regular gas.
Chart 2.1a: Greenhouse Gas Emissions Reductions for Corn Ethanol Use*
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In the United States, reductions in greenhouse gas (GHG) emissions from the use of a
3.785 liters (one gallon) of ethanol in place of an energy-equivalent amount of gasoline
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range from 18% for E10 made from wet-milled corn and used in gas vehicles, to 86% for
E85 made from cellulosic material and utilized in a flex-fuel vehicle [Chart 2.1a].60
On a more general level, according to a report produced by the IEA on biofuels for
transportation, the use of grain-based ethanol, in comparison to gasoline, yields a 20%
to 40% reduction in carbon-dioxide-equivalent greenhouse gases from “well-to-wheel”,
or through the complete value chain to consumers.62 The report also finds, through the
compilation and analysis of several analyses, that potential emissions reductions vary
markedly by feedstock [Chart 2.1b]. Of the feedstocks analyzed, ethanol produced
from sugarcane and cellulosic materials demonstrated the greatest potential for GHG
emissions reductions.
Chart 2.1b: Ethanol Well-to-Wheel GHG Emissions Reductions compared to
Gasoline (Summary of Recent Reports)
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For cellulosic-based ethanol, GHG emission reductions range from 51% using wood
from poplar trees, to 61% for corn stover, to 66-71% for grass, to 57-82% for different
types of straw. The 107% value is for the use of wood as a feedstock, including biomass
and non-biomass sources of energy, and takes into account the reductions achieved
through the full cycle of wood use, from cutting down a tree to produce the fuel, to
emissions through vehicle tailpipes, to the re-plantation of that tree and the emissions
displaced by the use of the renewable fuel.64
C-1.2) Biodiesel
Through biodiesel use, exhaust emissions of sulfates and sulfur oxide, which are the
major components of acid rain, are virtually eliminated in comparison to conventional
diesel use. The ozone-forming potential of the emissions of unburned hydrocarbons
and nitrogen oxides was about half that of conventional diesel fuel.65
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A joint study between the US Departments of Energy and Agriculture showed that the
production and consumption of biodiesel yields a 78.5% reduction in carbon dioxide
emissions versus conventional diesel use.66 Part of this calculation takes into consideration the fact that the carbon dioxide released into the atmosphere when biodiesel
is burned is used by plants as food, and some of those plants are, in turn, processed
into fuel. Biodiesel use can also reduce emissions of particulate matter by 32%, carbon
monoxide by 35%, and sulfur oxide by 8%.67
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Chart 2.1c: Potential Emissions Reductions through Biodiesel Use
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The IEA estimates that the use of biodiesel made from rapeseed in light-duty compression-engine ignitions could yield GHG emissions reductions of 40-60%, depending on
assumptions of emissions savings derived from conversion processes and the use of
co-products. The studies compiled by the IEA for its Biofuels for Transport report indicate that reductions in emissions came from the biodiesel itself, and that the blend ratio
determined the reduction value. For example, if GHG emissions were reduced by 60%
through the use of biodiesel, a 10% blend (B10) would reduce emissions by one-tenth of
that percentage, or 6%. The IEA report also highlighted the findings of a 2002 study by
General Motors and others, which stated that glycerin co-product utilization to replace
production of the chemical for use in other goods added an additional 30% to net GHG
emissions reductions.68 As with ethanol, the distance involved in either transporting
raw feedstock to producers or final fuels to consumers has a minor effect on overall
carbon emissions.69
Biodiesel has been shown to actually increase emissions of nitrous oxide, thought to be
particularly responsible for breaking down the ozone layer. Some experts speculate,
however, that those emissions could be reduced by blending biodiesel with kerosene or
Fischer-Tropsch diesel. The estimated nitrogen oxide emissions of blending Kerosene
with B40 are no greater than those of conventional diesel, nor are those for a blend of
Fischer-Tropsch diesel as high as B54.70
C-2) Energy Security

Renewable fuels also offer an advantage in that their production cycle is short, compared to that of petroleum, and the industry’s value chain, particularly upstream, can
be more easily controlled by producers. Biofuels producers face certain conditions
beyond their control, including climate variations and natural disasters, but they can
choose where crops are planted, how they are cultivated, and adopt measures against
insects and pests. Petroleum producers, by contrast, cannot choose where oil is located
and often must engage in expensive exploration based on seismic data that suggests
the probability – but offers no certainty – of a petroleum deposit.
There is also more political volatility surrounding petroleum production, particularly
in developing nations, which in turn affects the stability of supply. Biofuels are not
without their supply constraints and concerns, but once adequate infrastructure is in
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The use of ethanol or biodiesel as a transportation fuel can limit the consumption of
crude oil, which reached a historic high of $79 a barrel in August 2006, and is found
in regions with increasing political and economic volatility. The utilization of biofuels
would allow countries to lessen their dependence on foreign sources of oil, improving
their energy security position.
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place, including distribution and logistics networks, and second generation technologies are developed, biofuels could offer a more stable, secure supply of fuel for some
segments of the global fuels market.
C-3) Economic Gains
C-3.1) Balance of Payment and Foreign Exchange
The production and consumption of biofuels could help the terms of trade of countries
dependent on foreign sources of oil by reducing imports of crude oil at today’s historically-high prices. This could be accomplished through the import substitution of
domestically grown biofuels for foreign oil. The expense of acquiring crude products
is, for countries with over-valued currencies, compounded by losses in the foreign exchange conversion to dollars for petroleum purchases. A switch to domestic biofuels
consumption would lessen this burden, although it is important to note that such a
switch could impose certain short-term costs on these same countries, including the
import of biofuels production machinery from abroad.
In addition to reducing the petroleum bills of importing countries, biofuels production and use could provide a new source of income to those countries able to produce
biofuels for export.
C-3.2) Agricultural Development
Biofuels use increases the demand for its crop-based feedstocks, adding value to the
agricultural sector of a given country. As such, biofuels consumption can have a positive effect on rural development and the sustainability of the farming industry, including job creation and an increase in the income of rural workers and businesses. For developing countries with agriculturally-based economies and large income disparities
between urban and rural areas, biofuels have the potential to function as an effective
development tool.
This potential may require difficult choices for governments as they consider how to
structure possible subsidies and incentives for biofuels production in rural areas. Governments must, of course, compare the costs and benefits of biofuels subsidies and
programs to other government initiatives aimed at infrastructure development, microcredit, and support of small and medium enterprises (SMEs), or other business promotion efforts outside the biofuels industry.71 These assessments will be country and
region-specific, but the potential benefits of biofuels in the energy, environmental and
rural development realms must make it a strong candidate for significant government
support.
C-4) Socio-Environmental Sustainability
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The food versus fuel debate is pervasive in the biofuels discourse. Critics believe that
by increasing global consumption of renewable fuels, the availability of feedstock crops
for food production will decline and in some cases exacerbate global hunger issues. For
example, according to the United Nations Food and Agriculture Organization (FAO),
Africa’s dependence on food imports, including cereal grains, is expected to increase
over the medium term.72 If the countries which normally export grains to the continent
begin to use their grain surpluses to produce biofuels instead, countries in need might
experience more acute food shortages.
There is also some concern that increased demand for biofuels will actually promote
environmental degradation through the destruction of virgin forests to clear land for
feedstock cultivation, which will promote soil erosion, and the depletion of vital soil
nutrients by crops such as corn, which can be costly to replace. Additionally, if crops
are grown on less-optimal land, due to increased demand for biofuels in the face of
growing land constraints, the additional water and fertilizer needed can promote soil
contamination and erosion of the already sub-optimal cultivation area.73 These types
of obstacles can increase harvest and crop yield and price volatility.
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Conversely, the cultivation of certain feedstocks can add nutrients back to the soil and
help curtail soil erosion. For example, corn and soybeans are often grown in rotation
on the same land because soybeans add back nitrogen depleted by corn crops. Plants
like jatropha can be grown in drier, rougher climates, minimizing the need to irrigate
land, which can promote soil erosion.74
C-4.1) Crop & Fuel Prices
The price competitiveness of biofuels is closely tied to feedstock prices. Price volatility
tends to have a greater effect on biodiesel, but it affects the competitiveness of ethanol
as well. This volatility tends to perpetuate the need for subsidies in the short- to medium-term.75 The increased use of biofuels in the global market could have inflationary effects on the price of feedstock crops and thus biofuels, straining the ability of
consumers to buy agricultural goods either in biofuels form or for food consumption.
Government subsidies put in place to promote the nascent sector tend to artificially
control the price of crops and fuel, and will likely be followed by potentially uncomfortable price adjustments as the sector liberalizes and experiences market pressures.
Ethanol produced from sugarcane, particularly in Brazil (and likely globally), and
from cellulosic materials has the potential to be competitive with gasoline priced at
$25 - $35 per barrel and higher. However, biofuels made through biomass gasification
and Fischer-Tropsch synthesis are not likely to be competitive for the next 10-15 years,
barring an unexpected technological breakthrough. Indeed, questions remain as to
whether biodiesel, particularly made from soy, will ever be price competitive, suggesting that subsidies for the biodiesel sector will persist beyond those for ethanol.76
C-4.2) Technological Considerations
Second-generation technology is likely to alter the balance between social and environmental costs and benefits of biofuels that have already been discussed at some length.
In particular, new technology should ease concerns surrounding hunger and deforestation with respect to ethanol and biodiesel production. Producers likely will be able
to increase their output per hectare by utilizing more of a given crop to produce fuel,
allowing for a ramp-up in production without necessarily planting more crops or diverting crops from the food industry.
C-5) Energy Balance
C-5.1) Ethanol
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There is vigorous debate regarding the energy balance of gasoline, meaning the ratio of
energy input to produce the fuel versus the energy contained within the fuel once produced. According to a study by the Argonne National Laboratory, which is managed
by the University of Chicago for the US Department of Energy, 1.23 BTUs of fossil fuel
are required to produce 1 BTU of gasoline, giving it a negative energy balance. Ethanol, by contrast, has a positive energy balance. Production of 1 BTU of ethanol from
corn requires 0.74 BTUs, including cultivation, harvesting and processing, yielding an
energy balance of +1.35.77
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Chart 2.1d: Energy Balance of Ethanol Production from different feedstocks*
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The same study estimates that only 0.12 BTUs of fossil fuel are required to produce 1
BTU of ethanol from sugarcane, an energy balance of +8.3. The ability of producers to
use the bagasse and stalks of the cane to help power a processing plant help make it
significantly more efficient than other possible feedstocks, most of which have energy
balances that fall between that of sugarcane and gasoline. Sugarcane has the added
benefit of greater feedstock per hectare. At least for first-generation ethanol production, it must be considered the leading feedstock candidate.
Table 2.1a: Productivity Comparison

Source: Brazilian Ministries of Agriculture, Development and Energy 79

The American Petroleum Institute (API) disputes the findings of the Argonne study,
citing an energy balance for gasoline of approximately +5 BTUs. It is worth noting,
however, that 0.81 is the value used by the US Department of Energy.
C-5.2) Biodiesel
According to a study performed by the U.S. Department of Energy (DOE), biodiesel
has a positive energy balance of 3.24 BTUs of energy yielded per BTU of energy required for production.80 Standard diesel, by contrast, has an energy balance of 0.84.81
A B20 blend has a slightly higher yield of .98 BTUs of energy.82
C-6) Fuel Economy
C-6.1) Ethanol
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Ethanol does not offer advantages in fuel economy in comparison to gasoline. In most
circumstances, a vehicle drives further on a liter of gasoline than a liter of ethanol. The
use of regular fuel oxygenated with ethanol results in a loss of fuel economy of 1-3%.83
E-85 contains nearly 28% less energy per liter than gasoline, while E-100 contains more
than 33% less [Table 2.1c]. These values are general as actual performance varies by
vehicle.
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Table 2.1b: Gasoline Liter Equivalents of Biofuels
A gasoline liter equivalent is the volume of fuel needed to equal the
energy content of one liquid liter of gasoline. This comparison of
equivalent volumes of fuel is based on the energy content per unit and
is measured in British thermal units (BTUs).
Fuel Type
Gasoline, regular unleaded
Gasoline, reformulated
(10% MBTE)
Diesel
Ethanol (E-100)
Ethanol (E-85)
Bio Diesel (B-20)

BTUs Per Unit
30,145
29,590

Liter Equivalent
1
1.02

34,293
20,106
21,612
34,214

0.88
1.5
1.4
0.88

Source: National Association of Fleet Administers, Inc.84

How to properly weigh energy balance (which favors ethanol) and energy per liter
(which favors gasoline) is still very much a matter for debate. It is important to recognize that any generalized calculation of efficiency will fluctuate depending on the
feedstock used and the criteria selected to calculate the energy efficiency of either fuel.
Additionally, the distance a vehicle can travel per liter of fuel depends not only on the
fuel’s energy content, but also on the fuel economy of the vehicle. Because ethanol has
high octane rating, vehicles that are designed to run on ethanol usually have engines
with higher compression ratios than regular gasoline engines, offsetting, in part, the
lower energy content of the fuel.85
C-6.2) Biodiesel
Regular diesel and the 20% biodiesel blend have roughly the same energy content,
which is greater than both ethanol and regular gasoline [Table 2.1c]. The energy content of pure biodiesel can average between 30,575 and nearly 31,500 BTUs per liter,
depending on the feedstock [Table 2.1d], which means that B100 offers a little over 9%
less fuel economy than regular diesel. The range of fuel economy deficits for biodiesel
is 8.9% to 9.2%.
Table 2.1c: Energy Content of 100% Biodiesel (per Liter)

All biodiesels
Animal
Rapeseed/canola
Soybean
Rapeseed or soybean

Average BTUs
31,254
30,573
31,495
31,499
31,497

Source: EPA86

C-7) Vehicle Requirements

In the United States, unmodified gas vehicles can run on E10 without difficulty. Most
flex-fuel vehicles can run on blends up to E85. Flex-fuel technology is more advanced
in Brazil, where flex-fuel vehicles can run on pure gasoline, pure ethanol, or any combination of the two.87
Some problems have been identified in relation to ethanol use in cars, including water
absorption, the drying out of plastic parts, the corrosion of metal parts, and difficult
starts in cold weather with E100, which can be used in vehicles specially designed for
pure ethanol. The existence of gasoline in fuel blends such as E85, however, helps to
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address corrosion and cold-start problems.88 Flex-fuel vehicles also offer added protection against corrosion.
C-7.2) Biodiesel
The addition of biodiesel to diesel fuel, even in small quantities, can significantly improve the performance of conventional diesel.89 It has been proven to reduce friction,
and thus wear-and-tear, between moving vehicle parts.90 Biodiesel also offers similar
power and torque, as well as kilometers per liter, as conventional diesel.91 One of the
unique benefits of biodiesel production is that it does not require the construction of
additional infrastructure for transport or distribution, and only minor modification is
required for the consumption of B100 in engines.
Pure biodiesel, or B100, can damage plastic and rubber equipment, such as hoses, gaskets or other sealants, but most diesel equipment is biodiesel-safe. Biodiesel also has
a solvent effect that may cause deposits accumulated in pipes and on the tank walls to
detach, clogging filters upon initial use. This can occur with B20+ blends, but can be
monitored and addressed. There have also been concerns with cold starts with higher
blends of biodiesel, such as B20, but some producers in colder areas have begun mixing
in cold-flow additives to address this issue.92

2.2) Coal-to-Liquids Technology
Against the backdrop of rising oil prices and the global rush to uncover alternative
forms of energy, coal-to-liquid (CTL) technology or coal liquefaction has also emerged
as a strong candidate. CTL is used to describe the process of producing fuels from
coal through two methods: direct and indirect liquefaction. Direct liquefaction breaks
down the complex coal structure into smaller component molecules at elevated temperatures and pressure, which then can be further refined into liquid fuel products by
reducing the contents of sulfur and nitrogen through interaction with hydrogen gas
and a catalyst. Indirect liquefaction first gasifies coal and then converts the coal-derived synthetic gas (syngas) into fuels and petrochemicals. The most common indirect
liquefaction process is the Fischer-Tropsch technology, which was developed by German scientists in the 1920s and has been perfected and commercialized over the last
few decades by South African mining and energy company Sasol.
A) Advantages
CTL technology is attractive to many governments because unlike several other types
of alternative energy, such as fuel cell technology and certain types of cellulosic biofuels, CTL is a proven technology. It was used to great effect by the Nazi and apartheidera South African governments to meet their energy demands when those countries
were isolated by the rest of the world. Second, unlike dwindling oil reserves, coal
reserves are enormous (estimated at 1,001 billion tons) and projected to last approximately 180 years at current consumption levels.93 They represent a cheap source of
energy available to harness. Third, coal-based fuel, also called synfuel, requires no engine modifications, and burns more cleanly than gasoline, because it has almost zerosulfur emissions.
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Table 2.2a: World Recoverable Coal Reserves (Short Tons)
Region/Country
World Total
United States
Russia
China
India
Other Non-OECD Europe/Eurasia
Australia & New Zealand
Africa
OECD Europe
Other Non-OECD Asia
Brazil
Other Central/South America
Canada
Other3

Bituminous
and Anthracite
530.4
125.4
54.1
68.6
99.3
50.1
42.6
55.3
19.5
1.4
0.0
8.5
3.8
1.8

Subbituminous
297.0
109.3
107.4
37.1
0.0
18.7
2.7
0.2
5.0
2.0
11.1
2.2
1.0
0.4

Lignite
173.4
36.0
11.5
20.5
2.6
31.3
41.9
*
18.8
8.1
0.0
0.1
2.5
0.1

Total
1,000.9
270.7
173.1
126.2
101.9
100.1
87.2
55.5
43.3
11.5
11.1
10.8
7.3
2.3

Includes Mexico, Middle East, Japan, and South Korea.
*Less than 0.05 billion short tons.
Note: Data for the United States represent recoverable coal estimates as of January 1, 2004.
Data for other countries are as of January 1, 2003.
3

Source: EIA, 2006

B) Disadvantages
Despite these advantages, CTL technology has not been embraced wholeheartedly by
all stakeholders. The first objection is that coal is still a fossil fuel and will ultimately
run out, unlike renewable energy sources such as biofuels, and will only provide shortterm energy security. Second, coal-based fuel releases double the amount of carbon
dioxide as petroleum. Carbon dioxide is first created during the process of turning coal
into fuel and then released again when the fuel is used in vehicles. This feature makes
it unattractive in an increasingly carbon-conscious world eager to reduce greenhouse
emissions. Third, investing in CTL technology is risky because, given the capital-intensive process of building CTL plants, synfuels are only financially viable when oil prices
are above $35 - $40 a barrel.

Unsurprisingly, CTL technology is most attractive to the countries with large coal reserves, notably the US, Russia, China and India (see table below), which together account for 62% of the world’s coal reserves. However, each country faces unique challenges in the implementation of a coal liquefaction strategy. In the US, for example,
Peabody Energy, the country’s largest mining company by market capitalization, is
pushing for a plan to produce 2.6 million barrels of synfuel per day by 2025, which is
equivalent to 10% of forecasted oil demand in that year. Achieving this goal would
require the construction of 33 large-scale CTL plants, which would each cost $6.4 billion.94 The idea resonates in coal states like Montana, which supports the Coal-to-Liquid Fuel Promotion Act of 2006. The proposed legislation would create tax incentives
for CTL technology and the construction of CTL plants but faces resistance from communities reluctant to embrace large-scale plants. China, which already generates 70%
of its energy by burning coal, has embraced CTL technology without these reservations, in large part because it offers strategic energy security. Investors have shown
strong interest in the technology, and 30 CTL plants are currently under construction
or undergoing the approval process.95 The Chinese government has raised the capital
threshold for CTL projects to $3.8 billion and boosted the required production capacity
of proposed plants to more than 3 million tons.96
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D) CTL Vs. Biofuels
As with the development of other forms of alternative energies, there are fears that
investing such a huge stake in the coal industry will result in surging coal consumption
and rising coal prices, which would in turn make it less competitive with traditional
gasoline. Without this price advantage, the high carbon emissions produced during
the production and utilization of synfuels make it a weak competitor against biofuels,
which offers reduced carbon dioxide emissions compared to fossil fuels.

2.3) Hydrogen Fuel Cell Technology
Although fuel cells have been in existence since 1839, their potential to provide power
was only harnessed in the 1960s.97 Fuel cells are often associated with renewable energy, but the association is only correct if the feedstock in question is renewable energy.
Hydrogen can be produced from renewable energy sources such as solar, wind, water
and biomass energy, as well as from traditional energy sources such as oil and natural
gas (the last being the most cost-effective and common way). In essence, the fuel cell
works like a battery by converting chemical energy into electrical energy through the
electrochemical reaction of hydrogen and oxygen.
A) Advantages
Fuel cells are often hailed as the cleanest energy possible because the only emission
is water.98 In addition, one kilogram of hydrogen contains approximately the same
amount of energy as 3.785 liters (one gallon) of gasoline. This energy punch, combined with hydrogen’s feedstock flexibility, has made hydrogen fuel cell technology a
favorite of governments and industry stakeholders worldwide. Visions of a hydrogen
economy have often captivated developed country governments and publics.
B) Disadvantages
Worldwide enthusiasm notwithstanding, fuel cell technology is still far from being
commercially viable. Four major obstacles stand in the way:
1) Fuel cell technology lacks the necessary supporting infrastructure, such as hydrogen refueling stations, hydrogen gas pipes, uniform standards, as well as funding
and education. This would require the involvement of all stakeholders (governments, consumers, energy companies, and auto companies).
2) A transition period is needed to introduce the concept of a hydrogen economy by
educating consumers accustomed to a gasoline-based economy and to build up the
hydrogen infrastructure.
3) Hydrogen storage is still very inefficient, especially when compared to gasoline. A
tractor-trailer full of compressed hydrogen can fill only five or six automobiles.99
Other technological limitations include fuel cell motors, which convert hydrogen to
electricity and have been shown to decline in power with increased operation time
and colder temperatures.100
4) Finally, the cost of fuel cells is still prohibitive, despite the fact that the cost of fuel
cell stacks have decreased tenfold in the last three years.101 The fuel cell production
process is still very detailed and requires skilled labor.
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C) Global Fuel Cell Technology
To succeed, fuel cell technology will require enormous government support, both in
the form of financial support for R&D efforts and financial incentives. It is unsurprising that the most active countries in the development of hydrogen fuel cell technology
are industrialized countries like the US, Western European countries, Japan and South
Korea, which are home to the world’s top auto companies. The US Department of
Energy has made the development of fuel cells a top priority through its FreedomCar
and Vehicle Technologies Program, a mission aided by $1.2 billion in federal grants.102
Members of the FreedomCar and Fuel Partnership include industry stakeholders like
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Daimler Chrysler, General Motors, Ford Motors, BP America, ChevronTexaco, ConocoPhilips, Exxon Mobil, and Shell Hydrogen. DaimlerChrysler in particular has invested over $1 billion to develop five generations of vehicles. The company currently
has more than 100 fuel vehicles, both cars and buses, participating in demonstration
projects all over the world.103 In Asia, the R&D flag is carried by Japan’s Honda, which
released 20 of its most advanced fuel cell vehicles for unsupervised public evaluation
in 2005, and South Korea’s Hyundai, whose second-generation Tucson fuel cell vehicle
exceeded expectations in its ability to operate in sub-zero temperatures, a key weak
point in fuel cell motors.104
D) Fuel Cell Technology vs. Biofuels
Even with the enormous leaps in fuel cell competitiveness and technology, auto majors
do not expect the technology to be commercially viable within the next decade. While
fuel cell technology should not be discounted as an alternative energy in the long-term,
in the short-term it lags behind biofuels, especially given that existing infrastructure
requires minimal modifications to store and distribute biofuels. Hydrogen’s advantage
in offering clean emissions may also be reduced given the enormous strides made in
commercializing cellulosic ethanol, which offers reductions in well-to-wheel carbon dioxide emissions of between 70% and 100% against gasoline, a significant improvement
on grain ethanol’s average of 20% to 40% reductions.105

3) Conclusion
There is a general consensus among leading energy information sources that energy
consumption will surge as much as 30% by 2020. A growing world population and
strong economic growth in developing countries will propel energy consumption, and
the twin forces of urbanization and industrialization will accelerate this trend.
On the supply side, the growing realization that oil, natural gas and coal have limited lifespans as energy sources will continue to spur the development of alternative
energy. Concerns about supply security given the concentration of fossil fuel reserves
in volatile regions will add impetus to this movement. Meanwhile, growing concern
about global warming and carbon dioxide emissions is prompting strong commitments
worldwide to developing alternative sources of clean, green energy.

This report has laid out the competitive position of biofuels relative to its two principal
alternatives: coal-to-liquid technology and hydrogen fuel cell technology. The first is
popular with governments because it is, like biofuels, a proven technology. Coal liquefaction also represents a cheap source of energy, burns more cleanly than gasoline, and
is readily available for countries with huge coal reserves. The second, hydrogen fuel
cell technology, is favored because it is potentially the cleanest energy possible. Hydrogen is also abundant, because it can be produced from renewable energy sources such
as solar, wind, water and biomass energy, as well as from traditional energy sources
such as oil and natural gas.
Despite its environmental drawbacks, coal liquefaction is likely to remain an important
energy choice in coal-rich countries like China, Russia, India and even the US. For its
part, hydrogen fuel cell technology remains prohibitively expensive, and it is unlikely
to emerge as a feasible alternative energy source in the transport sector for at least the
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The transport sector is a vital component of an effective response. It contributed 20% of
global gas emissions in 2001; it registered the fastest greenhouse gas emission growth
in developed countries like the US, Japan and the EU; and the sector is on course to
consume 55% more energy by 2030. In this environment, the introduction of cleaner,
non-fossil fuels to the transport sector is a priority. Developing countries, such as China and India, which face an explosion in vehicle growth, also cannot afford to ignore
the issue. Governments around the world, aware of the wealth of new technologies
and energy alternatives available in this new age of energy choice, are already tailoring
energy policies to their unique circumstances.
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next decade. Even then, the high cost of new infrastructure will likely render it infeasible for all but the wealthiest countries.
In this context, biofuels have emerged as a strong transport fuel alternative. The Kyoto
Protocol has provided an additional impetus to biofuel development as industrialized
countries seek to meet their emissions reduction targets. Biofuels have the added advantage of being commercially tested. National biofuels programs can aid a country’s
agroeconomic goals by creating rural jobs and developing the rural economy. Most importantly, the development of biofuels can limit a country’s reliance on imported crude
oil, diversify the national energy mix and improve energy security.
It should be clear that biofuels are not a replacement for fossil fuels. Instead, they
offer an alternative with a number of attractive benefits. The advantages offered by
biofuels, such as lower carbon emissions and competitive production techniques, rely
on existing technology. As the billions of dollars poured into biofuels R&D worldwide
take effect, these advantages will only increase. Second-generation biofuels, such as
cellulosic ethanol, which is proven to be even more effective in reducing carbon emissions, will be increasingly cost-competitive. New technologies will also help address
potential drawbacks to biofuel technology, such as the tension between food and energy security.
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Source: World Factbook

The opportunities presented by biofuels are commanding attention throughout the region. As in other parts of the world, a desire to ease dependence on petroleum-based
energy sources and concern about environmental degradation are driving much of
this interest. There is also a strong desire in South America to increase the economic
returns of the basic agricultural commodities on which much of the region relies. These
combined pressures have prompted various efforts to promote biofuels research and
production.
Brazil clearly leads the field, and many of its neighbors look to the Brazilian model as a
guide for their own development plans. In countries as diverse as Argentina, Colombia, and Peru, governments are seeking to create the infrastructure and regulatory and
financial framework for the nascent industry. Private sector participation is uneven,
with Argentina and Colombia leading the way.
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B) GOVERNMENT POLICIES
Several common assumptions underlie official efforts to support the regional biofuels
industry:
1. A recognition that a clear regulatory framework for the industry is essential to encouraging investment.
2. A desire to create a mix of incentives and mandates to support biofuels, including tax
breaks, R&D support, and mandatory fuel blending standards.
3. An understanding that extensive agricultural reform will be necessary to increase
feedstock availability, including improving productivity and extending acreage under
cultivation.
4. A realization that private sector investment, including foreign investment, must provide the bulk of the capital for the industry’s production, processing, and transport
needs. A further realization that foreign capital will be critical in facilitating technology transfer.
The pace at which countries in the region are acting on these understandings varies
depending on existing resources, the organization of the agricultural sector, R&D capacity, attractiveness to foreign investment, and perhaps most importantly, the political
will of the government.
Argentina and Colombia are perhaps best placed to realize their biofuels production
potential. Chile’s program is in the early stages, but the country has the organizational
capacity to move forward rapidly. Peru has taken important steps but has yet to put
in place a comprehensive framework for development of the industry. Much work
remains ahead for Bolivia and Ecuador, which have only embryonic biofuels efforts.
Venezuela, with its huge oil reserves and deficit in sugar production has not made
biofuels a priority.
Policy Implementation
In Colombia, the Uribe Administration has pushed for a more robust ethanol industry.
Since 2001, a series of laws and regulations have established fuel blending mandates,
regulatory standards, and incentives for biofuels production. Colombia’s fuel oxygenation program now covers 57% of the country.
Argentina enacted a new biofuels law (informally known as SFL) in 2006. While similar to the Brazilian approach in terms of incentives, fuel blending requirements, and
regulatory authority, it lacks purchase guarantees and provisions for the involvement
of small-and-medium size enterprises. In addition, the requirement that fuel blending be performed at the petroleum refinery will entail major additional infrastructure
expenditures for transport. Implementing regulations for the SFL, expected to emerge
from the Congress in the coming months, will provide a clearer indication of the resources that will be available to this new sector.
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Peru has established an initial legal framework for the promotion of biofuels and put
in place a Program for Biofuels Promotion and a Technical Commission for Biofuels.
The Amazon region is receiving particular attention as a source of biofuels production. However, implementing regulations are still needed to guide potential investors.
For its part, Chile is just beginning to address biofuels. There is currently no production, and the Renewables Law passed in 2003 still awaits needed regulatory guidelines.
With its significant production of wood chips, Chile’s greatest potential likely will be
in cellulosic biofuels research.
Ecuador has instituted policies to promote fuel diversification and has significant potential feedstock resources in sugar and palm oil. However, the absence of a clear
regime for investment and agricultural expansion is a substantial obstacle to further
development. Venezuela, as a major oil producer and net importer of sugar, has an
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agreement with Brazil for ethanol, but has not acted to promote domestic production.
Bolivia has established fuel blending mandates but has not drafted concrete plans for
sugarcane-based biofuels production. With an appropriate regulatory and investment
framework, significant potential exists in this sector, as well as for soy-based biodiesel.
Cooperation with Brazil
Brazil conducts a range of cooperative activities on biofuels with most of the countries
in the region. Peru has a cooperative research program with Brazil on biotechnology
and biofuels, and the two countries recently signed an agreement to jointly develop
alternative crops for biofuels. The state oil companies of Brazil and Colombia have a
technical cooperation agreement on information sharing and joint ventures in which
biofuels figure prominently. Chile and Ecuador have not formalized relationships with
Brazil on biofuels, but there are informal efforts to share information and develop a
common agenda. Cooperation between Argentina and Brazil has occurred at the provincial level and through broader energy consultations in Mercosur. Biofuels cooperation between Venezuela and Brazil is conducted through the national oil companies,
PDVSA and Petrobras.
C)

CURRENT SITUATION

The overwhelming proportion of biofuels production in the region goes to domestic
consumption, in many cases by same entities that produce the fuel. Only Brazil has
measurable exports. It sent 340 million liters of ethanol to the United States in 2004,
over 140 million liters in 2005 and a projected 1.2 billion liters in 2006. Tariff barriers
are an important obstacle to expanding exports to the US market. Colombia and Peru,
which have negotiated free trade agreements with the United States, have a potential
advantage in this respect. Indeed, Colombia is planning a major expansion of its palm
oil production as a biodiesel feedstock, with an eye to the export market.
D)

PRIVATE SECTOR

Private-sector interest and activity tend to follow government engagement. In Colombia, where there are already five operational ethanol distilleries, a variety of investment
projects have been announced, largely by Colombian groups but with some foreign
involvement, including Svensk Etanol of Sweden. In Argentina, about 20 private companies currently produce biofuels, but principally for their own consumption. In the
biodiesel sector, however, investors are pursuing commercial production, with the participation in one case of the Spanish firm Repsol. Japan’s Mitsui is also studying the
possibility of building an ethanol plant in the province of Santa Fe.
There is some minor local investment in Peru, and China has expressed interest in an
ethanol investment in Ecuador. In Bolivia, limited production capacity exceeds even
more limited demand, and in Venezuela, PDVSA, in cooperation with Petrobras, is the
sole investment player in the sector.

Regional R&D activity is unevenly distributed. A broad range of research activity exists in Colombia, including a public-private partnership, the Corporation for Industrial
Development of Biotechnology and Clean Production; research sponsored by the state
oil company, Ecopetrol; university research into palm oil based biodiesel; and work by
the sugar and palm oil producers associations to improve yields and identify optimum
varietals for feedstocks. In Argentina, where there is a long history of interest in biofuels, Repsol YPF has established a Biofuels Research Center, giving the private sector a
leading role in the R&D effort. Government research remains limited in scope. However, several universities are promoting biofuels, and particularly biodiesel, through
research and involvement in initiatives like the New Technologies for Biofuels Network. Elsewhere in the region, R&D efforts are much more limited.
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A) INTRODUCTION
Argentina has both the means and the motivation to
pursue large-scale production of biofuels. The country is the world’s largest exporter of soybeans, a primary biodiesel feedstock, and boasts a sophisticated
agribusiness sector. Argentina is also heavily dependent on fossil fuels and is seeking ways to diversify its energy matrix. These conditions have already
prompted soy farmers to produce biodiesel for their
own use in a bid to reduce their exposure to volatile
prices.
The Argentine government is taking the lead in creating the conditions for the development of a domestic
biofuels market, both through production incentives
and demand guarantees in the form of mandatory
blends. Complementing the government’s initiative,
the academic and private sectors have engaged in research and development and invested in production
facilities. As the biofuels industry expands, however,
current infrastructure constraints might become a
substantial obstacle.
Source: World Factbook

B) GOVERNMENT POLICIES
Background
The Argentine government has a long history of promoting the biofuels industry,
which began in 1922 with preliminary studies on the domestic use of ethanol as an
engine fuel. In 1928, the first successful experiment was completed using a Ford Model
T and an 80% ethanol mix. In 1979, several Argentine automakers helped create the
country’s first ethanol program (Programa Alconafta).
By 1985, the country’s entire northwest region had become part of the program, and
a second phase, to promote sugar exports, was about to begin. Then, a series of bad
harvests, the high price of sugar in the international market, and unfavorable internal
market conditions nearly drove the ethanol industry to extinction by the early 1990s.1
It was not until 2001 that the government reestablished the National Program for Biofuels (Resolution 1076/2001). Together with the Biodiesel Competitiveness Plan (Decree
1396/2001) it brought new light to the decaying industry.2

The New Biofuels Law
Most recently, the Argentine government provided a general legal framework for all
these programs by approving the Ley de Biocombustibles.4 Also known as Senator
Falco’s Law, or simply SFL, it establishes new rules to promote the biofuels industry
and closely follows the Brazilian model.5
In particular, the SFL designed a combination of fiscal incentives and blending quotas
to promote the industry. It also provides tax breaks for biodiesel and ethanol producers, including exemption from (a) the Value-added Tax (VAT) on capital goods and infrastructure projects related to these activities; (b) the income tax on goods affected by
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In 2004, the Secretary of Agriculture, Cattle, Fish and Food joined the renewed effort
by issuing its own National Biofuels Program to promote the production and use of
biofuels, support and advise the rural sector, collaborate with institutions dedicated
to R&D, and advertise the use of biofuels as a way of promoting public and private
investment.3
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production; (c) the Hydro-Infrastructure Tax (Tasa de Infraestructura Hidrica); and (d)
the general fuels tax. On the mandates side, the SFL required a 5% blending of biodiesel into regular diesel and of ethanol into gasoline by 2010. Together, the provisions
aimed to encourage investment and provide a consumer base for the biofuels industry.
New investment is expected to stimulate the development of infrastructure and technological research.6 The SFL made the executive branch responsible for regulating the
biodiesel market and tasked the National Assistant Commission with supporting the
executive and suggesting policy adjustments.7
In most respects, SFL mirrored Brazilian legislation. But the similarities end when it
comes to offering benefits to biofuels producers. In particular, the Argentinean model
does not (a) guarantee minimum biodiesel purchases; (b) establish future brackets for
biofuels blends; or (c) require any sort of social engagement by biodiesel producers.
Small-and-medium enterprises are likely to receive more benefits, but their participation is not currently a requirement under the legislation.
The SFL also creates a significant obstacle to efficient production through its requirement that the 5% blending take place at petroleum refineries. Experts have pointed out
that in many cases pure biofuels will need to be transported hundreds of kilometers
to reach the few existing large refineries that supply the country and the international
market.8
The SFL was approved by both houses of congress on May 12, 2006, and President
Kirchner signed the regulatory framework into law in February, 2007. The law creates
the obligation to replace naphtha and diesel with a minimum 5% biofuels blend by
2010, which would equal 600 million liters of biodiesel and 250 million liters of ethanol.
The government will provide direct subsidies to spur production and VAT refunds to
attract investment.9
Local Government Involvement
The SFL does not mandate provincial involvement in biofuel development. Instead, it
extends an invitation to all provinces that wish to join the central government’s biofuels
efforts.10 Several provinces have accepted that invitation. Rio Negro recently signed
an agreement with the Ministry of Production and the Biocoms Foundation to launch a
program for the production and consumption of biofuels in the province. The Province
of Entre Rios announced in July 2006 that it would begin 16 refining projects, several
of which will be devoted to the production of biofuels. In addition, the Province of
Buenos Aires has been researching the feasibility of constructing a processing plant, an
inititiave known as the Biocom Project.11 Neuquen Province is also promoting a study,
called CODESU (Consortium for the Sustainable Development of Ucayali) to assess
the feasibility of opening a biodiesel plant. In addition, Argentina’s Santa Fe province
recently created an energy department that will oversee all issues related to biofuels.
The government will provide incentives, including the transfer of public land without
charge, and hopes to attract biofuels experts able to provide technical support to the
developing industry.12
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Relations with Brazil and Regional Cooperation
At the moment, there are no formal cooperation agreements between Brazil and Argentina on bioenergy issues. Neuquen province launched a research program in partnership with Petrobras to advance the production of biofuels in the province, but the
program has not advanced significantly in the three years since it was signed. Argentina and Brazil have, however, engaged in extensive discussions on a unifying energy
regulatory framework through the regional organization Mercosur.
C) CURRENT SITUATION
Energy Matrix
A glance at Argentina’s energy matrix shows how small a role bioenergy plays today.
Combined, fossil fuels represent almost 88% of Argentina’s energy use.
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Chart 1.1.a: Argentina’s Energy Matrix (2004)
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Ethanol Production
Once a growing industry, the ethanol sector today is largely dormant. In Argentina, as
in Brazil, sugarcane is the main feedstock. For climate reasons, production of sugarcane is concentrated in the north of the country, called the NOA region, which accounts
for 98% of domestic sugarcane production.13
Chart: 1.1b: Sugarcane Production in Northern Argentina (NOA)
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There is not yet any significant production of sugarcane for ethanol. However, SFL’s
mandatory blending provisions will likely change that soon. Indeed, it is expected that
demand for ethanol may reach 200 million liters by 2008.14
Biodiesel Production
The production of biodiesel is relatively new and difficult to quantify. Most biodiesel is
used by the same companies that produce it to fuel their own machinery and processing plants. Vegetable oils and a small portion of animal fat have supplied the necessary
raw materials for existing biodiesel production.
Argentina produces a large amount of soy and sunflower seeds, and any expansion
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in biodiesel production would likely rely on those crops.15 During the last 15 harvest
seasons (from 1990-91 to 2004-05), Argentina tripled its soy production, to 38.3 million
tons. It is now the world’s third largest soy producer and the largest soy oil exporter.
Genetic upgrading of seeds and more advanced harvest management have ensured
that production increases continue despite fluctuations in climatic factors.16
In 2003, there were 45 soy plants with a processing capacity of 98,000 tons per day,
which increased to 100,000 tons per day in 2004. With a similar amount of land harvested, total production grew by 21.2% during 2004-05 and has increased slightly in
2006. Even this scale of growth is not enough to meet increasing demand, however,
and processing companies have already announced major new investments.
Chart 1.1c: Soy Production and Harvesting Area
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Sunflower is a distant second to soy as a likely feedstock, though both crops may be
needed to meet demand increases associated with blend requirements. The sunflower
industry shows clear signs of expansion. Most factories are small and further investments to expand land and increase production are announced on a regular basis.
Chart 1.1d: Sunflower Production and Harvesting Area
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Table 1.1a: Cultivated Land Area for Soybeans Required to Substitute Current Diesel Consumption

Chart1.1e: Projection of Biodiesel Demand
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Projection of biodiesel demand between 2010 and 2023 assuming a 5% blend in
diesel, and a 3.5% annual growth in fuel demand. Source: IIR-INTA, 2005.

Demand for biodiesel should reach 650 million liters by 2008, and over one billion liters
by 2023.17

Production Capacity and Land Availability
Argentina’s climatic conditions, especially in the central and northern regions of the
country, lend themselves to cultivation of feedstock, including sugar, soy, corn and
sunflower. Argentina has 90.5 million hectares of arable land, only 30% of which (27.2
million hectares) is in use.
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Production and Supply Chain Infrastructure
Because the biofuels industry is at an early stage of development, the necessary supply
chain has not yet been established, and the future shape of the production chain remains unclear. Producers foresee that logistics (storage facilities, shipping procedures,
etc.) will be a major obstacle as the industry grows. They insist that Argentina’s biofuels infrastructure will need major improvement if the country is to meet the blending
mandate established by the SFL. For example, there are still no storage tanks or prepared locations near ports for the processing plants. The government expects that the
new legal framework will prompt the needed infrastructure, as the private and public
sector combine resources through concessions and partnerships. To date, however, no
biofuels infrastructure projects have begun, the new tax incentives notwithstanding.
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Map 1.1a Geographic Dispersion (Soy, Sunflower)

Source: SAGPyA

The possibility of expanded soy production has created concerns about the desertification that may accompany extensive harvesting. To address this concern, the Argentine
Secretary of Agriculture is studying the potential of other crops, such as canola.18
D) PRIVATE SECTOR
As of May 2006, there were nearly twenty companies producing biofuels in Argentina.
An estimate by the Argentine Secretary of Agriculture indicates that there is significant
investment in the biodiesel industry, but almost none in ethanol. What interest there
is in ethanol is in applying US technology for corn-based production, but no projects
have been decided upon as of yet.
The main companies investing in biodiesel for commercial purposes, rather than for
internal consumption, include:
OilFox has recently announced that it will build a plant to produce around 20-30 million liters per month. The company is promoting research into new technologies and
has resources available for the development of a biodiesel processing facility that employs used oil as feedstock. In addition, the company has reached an agreement with
the Argentine Air Force to conduct biodiesel tests on aircraft.19
Repsol-YPF will invest $30 million in a new biodiesel plant, scheduled to become operational in 2007, which will produce 120,000 tons per year.20
Grupo Vincentín, a major Argentinian vegetable oil producer, has announced a $25
million investment to build a biodiesel processing plant that will reach production levels of 300,000 tons annually. Grupo Vincentín is already planning further investments
of approximately $75 million on a new plant that would export most of its production
to Germany.21
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BIOFE has a production plant in Santa Fe with capacity to produce 15,000-20,000 liters
per day.
Horreos de Argentina Project, through an alliance with West Central Iowa, will produce soy flour specialized for the production of biodiesel.
In the ethanol industry, there appears to be only one relevant private-sector player:
Mitsui Argentina, a subsidiary of the Japanese Mitsui Co., is studying the possibility of
opening an ethanol plant in the city of Rosario, in the province of Santa Fe.
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E) RESEARCH & DEVELOPMENT
Research and development has grown significantly in the past few years with the involvement of the private, public, and academic sectors.
A highlight in the private sector is Repsol-YPF’s project to study the potential of biodiesel production in Argentina. The company announced the creation of a Biofuels Research Center (Centro de Investigaciones de Biocombustibles) to be opened in the city
of La Plata. As one of ten major private oil companies in the world, the largest private
energy company in Latin America, and the largest refiner of petroleum in Argentina,
Repsol-YPF’s engagement suggests a favorable trend in the local biofuels industry.22
OilFox’s agreement with the Argentine Air Force to test biodiesel is a further sign of
private-sector activism.
The Academic community has also become involved with the growing biofuels industry. The Buenos Aires Engineering University (FIUBA), for instance, recently established a dedicated Renewable Energies Department. The initiative is helping design
pilot-projects for biodiesel production in the laboratory, studying the physical and
chemical properties of biodiesel, and conducting engine tests with biofuels. In addition, the university is part of a “New Technologies for Biofuels Network”, which helps
coordinate a wide range of researchers from across Latin America.23
Another significant initiative comes from the National Technology University (UTN)’s
Córdoba campus, which hosts a Technology Research Center (Citelac). The center has
been conducting a series of lab tests to obtain biodiesel from animal fat. Cintec has
successfully transformed pig fat into biodiesel and is encouraging local meat plants
to supply the necessary raw material, which is currently wasted. On its Buenos Aires
campus, UNT is developing another series of experiments, in partnership with the Universidad Nacional del Litoral and the Institute for Rural Engineering, to improve the
energy efficiency of biodiesel with different types of engines and crop yields.24
Federal and local governments now provide direct support to some research projects.
The Argentine Secretary of Science and Technology, for example, recently approved
a $35,468 grant for a feasibility study on extracting pure hydrogen from ethanol and
using it for car fuel.25 The government of Buenos Aires province has been researching
biofuels since 2000 through the Biocom Project.26

Argentina has a decades-long, but fitful experience with biofuels. Its vast agricultural
resource base (including sugar, soy, corn, and oilseeds), relatively sophisticated economy, and educated populace make it a potentially significant producer. Although various initiatives have been launched in the past few years, including a newly enacted
federal biofuels law that offers tax breaks and mandates fuel blending, considerable
work remains to provide adequate incentives and establish a workable framework for
infrastructure development. Transportation and storage capacities are limited, and national and local government roles have to be better defined. R&D activities have been
expanding and several new private initiatives are underway in the biodiesel sector (although none in ethanol). Technical cooperation with Brazil, which is now rudimentary,
could help remove obstacles to increased production. With the right combination of
regulatory measures, infrastructure financing, and efforts to attract foreign investment,
the biofuels sector could become significant.
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Source: World Factbook

A)

INTRODUCTION

The private sector is leading efforts to develop a biofuels industry in Bolivia. The government has not yet shown a serious commitment to include biofuels in its energy
matrix, and has thus far established only rudimentary policies to support the sector.
Research and development is almost nonexistent. Still, the country does have significant potential to produce biofuels given its established production of sugarcane and
soy. Yet new regulations and stronger government commitment would be needed to
support the industry.

So far, few regulations have been approved in Congress to promote a sustainable biofuels industry. In July 2005, the Executive created a very basic law that established two
simple rules: First, Bolivia was to prepare itself for 10%-25% ethanol blends with gasoline, also known as “alconafta”, by 2010.1 Second, the Executive would be in charge
of planning the incentives and projects for the development of a domestic industry
capable of meeting those blending quotas.2 The law states explicitly that Bolivia’s chosen crop for biofuels will be sugarcane and that ethanol will be blended into gasoline
at 25%, a level that does not require engine modifications.3
No concrete executive plan for the sugarcane industry has been established by the government, and the consequences are apparent in the industry’s slow development.
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Relations with Brazil
In 2003, Bolivia entered talks with Brazil regarding the transfer of sugarcane-based
ethanol technology. However, negotiations have been suspended due to increasing
tension since Bolivia nationalized its natural gas industries in May 2006 (Brazil imports
more than 50% of its natural gas from Bolivia).4 It is unclear how this move will affect
interest and domestic demand in the biofuels sector. In addition, Bolivia has excluded
sugarcane from a trade deal with Brazil and other Mercosur countries.5
C) CURRENT SITUATION
Energy Matrix
The country’s reticence with respect to biofuels can be explained in part by its strong
preference for oil and natural gas, which are entirely domestically produced.
Chart 1.2a: Bolivia’s Energy Matrix (2003)

Hydro: 5%
Natural Gas:
23.1%

Oil: 55.7%

Renewables &
Waste: 16.2%
Source: IEA

As noted, natural gas and oil are major industries in Bolivia. As shown in the following
table, annual production has grown steadily.
Table 1.2a: Natural Gas and Petroleum Production (1995-2004)
NATURAL GAS
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PETROLEUM

(MMPC)

(MMPCD)

1995

188,809

517.3

10,347,385

28,349

1996

186,397

510.7

10,653,255

29,187

1997

188,662

516.9

10,214,047

27,984

1998

189,623

519.5

13,793,472

37,790

1999

176,613

483.9

11,850,425

32,467

2000

200,729

549.9

11,463,859

31,408

2001

252,671

692

13,064,935

35,794

2002

314,537

862

13,245,316

36,289

2001

252,671

692.2

13,064,935

35,794

2002

314,537

861.7

13,245,316

36,289

2001

252,671

692.2

13,064,935

35,794

2002

314,537

861.7

13,245,316

36,289

2003

361,007

989.1

14,434,607

39,547

2004

446,997

2,469.6

16,953,699

46,448

MMPC: million cubic feet
MMPCD: million cubic feet / day

(bbl)

(bpd)

bbl: Barrels
bpd: Barrels / day

Source: Ministerio de Hydrocarburos & Energia
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The steady increase in investments in both industries reinforces the view that the government’s priority is keeping these domestic commodities as major components of the
matrix.
Table 1.2b: Investments in Natural Gas

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

Exploration

69.81

130.38 374.56 372.20 256.79 168.99 113.47 108.58 86.66

86.61

Production

29.22

140.42 230.25 208.55 185.33 237.38 231.31 171.96 149.26 241.89

TOTAL

99.03

270.80 604.81 580.75 442.12 406.37 344.78 280.54 235.92 328.50

Pipeline: Yacuiba - Río Grande

283.00

TOTAL

627.78 280.54 235.92 328.50

Source: Ministerio de Hydrocarburos & Energia

Nevertheless, experts have noted that it is precisely because of this reliance that Bolivia
should diversify its matrix. In addition, there are opportunities in biofuels that might
prove attractive investments in Bolivia.
Capacity Expansion
Currently, Bolivia has robust sugarcane production, which could help meet the demand that will be generated by the 10% mandatory blend. The nation produces more
than 4.8 million tons of sugarcane each year, with 105,000 hectares under cultivation.
Almost all sugarcane production goes to the production of refined sugar, which greatly
exceeds domestic demand.6 At least some of this excess, which is currently being exported, could be used for ethanol production, thereby decreasing Bolivia’s exposure to
global sugar price volatility.
To that end, Bolivia is in the process of constructing 15 distilleries for the production
of ethanol.7 Officials from the largest distilleries, Unagro S.A. and Guabirá Distillery,
claim that major government investments are still necessary to implement the law and
begin production. The supply necessary to meet the mandatory quota established in
July 2005 is 90 million liters annually.8
According to business representatives, investments of up to $70 million and an additional 50,000 hectares of cultivation are necessary to meet this initial demand. This investment would have a significant social impact by creating 60,000 jobs directly linked
to the ethanol industry.9
When it comes to biodiesel, the potential capacity expansion seems even greater, a
dynamic similar to that in Brazil. While Bolivia does not produce one single ton of
oilseed, the country has significant soybean production: 1.7 million tons in 2004 alone.10
Possible incentives for the biofuels industry could create new options for soy producers to diversify their business.

Despite the significant potential for biofuels in Bolivia, it is still not clear where expansion will occur. A closer look at the trends in the private sector can help to clarify this
issue.
Bolivia’s two largest sugarcane refineries are Unagro S.A. and Guabirá Distillery. Unagro S.A. is a union of sugarcane producers in the eastern region of Santa Cruz. Unagro’s only sugarcane plant, Ingenio Azucarero “Roberto Barbery Paz”, has an annual
processing capacity of 115,000 metric tons of sugar and 12,000 metric tons of ethanol.
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Guabirá Distillery is one of Bolivia’s oldest sugar companies and it is also located in the
eastern region of Santa Cruz. In addition to ethanol, Guabirá processes refined sugar,
alcohol, and fertilizers. The company has almost 28,000 hectares of sugarcane and
is planning to expand. In 2006, Guabirá launched a $6.5 million subsidiary, Guabirá
Energía S.A., devoted entirely to producing clean energy from sugarcane derivatives.11
Today the company has a production capacity of 300,000 liters a day, but since there is
not enough demand, the distillery currently produces around 30,000 liters of ethanol
per day.12 Most recently, Guabirá S.A. annouced a second phase of expansion during
which $11 million will be invested by 2008.13
E) RESEARCH & DEVELOPMENT
Bolivia conducts little research on biofuels. University departments related to energy
tend to focus their studies on natural gas and petroleum. This focus reflects the relative
underdevelopment of the industry and the lack of government leadership, including
initiatives and financing to promote research in the field.
F) CONCLUSION
With Bolivia’s attention focused on the most effective utilization of its vast natural gas
reserves, biofuels development unsurprisingly has a lower priority. Land reform issues and the government’s perceived hostility to at least certain forms of private foreign investment further complicate the picture. The absence of technical cooperation
with Brazil, partly a result of gas industry tensions, limits progress, especially without
significant domestic R&D. While the necessary agricultural resources are apparently
available, regulatory, infrastructure, and financing issues will likely restrain active biofuels development.
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1.3 CHILE
A) INTRODUCTION
While currently nonexistent, the biofuels industry
in Chile has been gaining increasing attention as the
government pushes for a more diversified energy matrix. Reducing dependence on foreign energy is unquestionably the strongest incentive for the biofuels
market in Chile.1 As of 2004, 72% of Chile’s domestic
energy consumption came from foreign sources (an
18% increase since 1995).
Chile is also interested in finding other uses for its
agricultural production, which could reduce its exposure to unstable prices, and which might produce
higher profits and accelerated industrial and agrarian development. Environmental concerns constitute
a further incentive for development of the biofuels
industry.
Studies have highlighted the potential for promoting
agricultural development through bioenergy incentives, and the government has sponsored an initial
assessment on how to promote the industry.
Source: World Factbook

B) GOVERNMENT POLICIES
To face the immediate challenge of diversifying its energy matrix, the Chilean government has employed two simultaneous strategies: (a) the development of a biofuels
industry; and (b) a policy of incentives for renewable generation of electric energy.
The Ministry of Agriculture recently devoted $1 million to study the optimal feedstock
for a biofuels industry.2 This effort has not yet yielded definitive conclusions, but it is
the first significant sign of government interest. The Ministry of Agriculture and the
Ministry of Mines and Energy have joined forces to assess the potential for a sustainable industry.3

The Renewables Law includes a number of additional incentives. For instance, it ensures that small generators (up to 9 MW) can make sales to the spot market without
discrimination, offering them simplified commercial treatment and greater price stability. In addition, the law guarantees the right to access the main distribution networks
in order to transmit generated energy and removes toll charges for access to the main
transmission system for non-conventional sources of less than 20 MW.5
However, the Renewables Law is still a “short law” (Ley Corta), meaning that it is
awaiting regulatory guidelines. These are expected to include guidelines for fiscal incentives, regional integration of the energy grid, and specific quotas for each renewable
source.6
Most recently, the Bachelet Government organized a public-private advisory commis-
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In March 2003, the government issued a Renewables Law (Law 19.940/2003) that made
several modifications to the energy operation and transmission system and created
mechanisms to promote the use of Non-Conventional Renewable Energies (NCRE) for
power generation, such as hydroelectric, geothermal, and solar power. The goal is to
achieve a 15% NCRE level, or 320 MW, by 2010. Thus far, the law mandates that 5% of
the energy applied to the transmission system come from renewable sources, which in
the long run could include cogeneration from biofuels plants.4
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sion to make recommendations regarding the development of the biofuel industry.
The commission recommended the exemption of biofuels from specific taxes and encouraged a government mandate to ensure demand.7 The report did acknowledge
that it may be more economically prudent to import biofuels from more competitive
producers such as Brazil, Argentina, Bolivia or Peru.8 According to Odepa, a division
of the agriculture ministry, biodiesel will only be competitive with diesel in Chile if oil
prices reach $72 per barrel.9
Relations with Brazil
According to the Chilean Institute for Agrarian Development (INDAP), the two governments have been in continuous contact to develop a partnership. In July 2006, a
meeting took place between the Brazilian Agriculture Minister and a working group
from Chile’s Agricultural Ministry. On that occasion, Brazilian representatives highlighted Chile’s potential in biofuels and stressed that Brazil is willing to help Chile
diversify its energy matrix.
The development of a common agenda on tax, technology transfer, logistics, and legal
aspects, is still pending. Brazilian officials have suggested that Chile begin by adding
5%-10% of corn or wheat-based ethanol fuel to its cars, which would not require any
changes in car engines.10
C) CURRENT SITUATION
The Chilean power sector has been under-funded for many years. Hydroelectric
(which is 100% domestic) has lost 2% of its share of the energy matrix to natural gas
(which is 80% imported). Indeed, natural gas grew 16% from 1996 to 2004.11 The goal
of the Renewables Law is to reverse this trend.
Biofuels are still a secondary option for diversifying Chile’s energy matrix. Nevertheless, experts from the Ministry of Mines and Energy and other agencies insist that a
comprehensive strategy combined with fiscal incentives will permit the Chilean biofuels industry to grow exponentially in the coming years.12
Energy Matrix
A closer look at the country’s energy matrix shows that 68.9% of Chile’s energy supply
comes from non-renewable fossil fuels. 99% of the petroleum, 80% of the natural gas,
and 96% of the coal consumed by Chile are imported, which leaves the country vulnerable both in terms of supply and price.
Chart 1.3a Chile’s Energy Matrix (2004)

Petroleum: 35.3%

Natural Gas:
24.3%

Coal: 9.3%
Prepared by Garten Rothkopf

76

Others: 14%
Hydroelectricity:
17%
Source: National Energy Commission (CNE)

The diversification of the matrix to include renewable sources of energy is essential.
The Chilean Minister of Mines and Energy, Karen Poniachik, has stated on several occasions that Chile could begin producing agro-fuels by 2008 with the proper strategy.
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Chile needs to first decide on the best crop (or crops) for biofuels production and then
to establish a regulatory framework of incentives for production and quality control.13
Production and Consumption Capacity
Because there is no established biofuels industry in Chile, there are no current consumption levels to report. Several studies, however, have assessed potential demand
given the government’s plan to include biofuels into the country’s energy matrix (see
Government Policies). In the last decade, for instance, Chile has significantly increased
its consumption of regular diesel, which has surpassed gasoline. In 2005, road transportation alone consumed 3.6 billion liters of diesel.
Chart 1.3b: Chile’s Fuel Consumption (1990-2014)
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An eventual introduction of a 5% biodiesel blend (B5) would produce demand of 250
million liters by 2010, and 289 million liters by 2014. Thus far, rapeseed has been the
most studied crop for future biodiesel production in Chile. Today, domestic production occurs on approximately 37,000 acres and is mainly used for salmon feed.
In terms of ethanol demand, the introduction of a mandatory 5% blend with gasoline
(E5) would create estimated demand of 157 million liters of ethanol by 2010, and 176
million liters by 2014. Corn has been identified as the most probable crop for ethanol
production in Chile. In 2004, domestic production was around 1.3 million tons from
119,000 acres and is used for both human consumption and animal feed.
D) PRIVATE SECTOR

ENAP, the National Oil Company of Chile, and IANSA, a multinational group of agribusiness companies, announced a joint study to produce fuels from vegetable oils. The
parties signed an agreement in March 2006 to carry out a six-month feasibility study.14
Petrobras, the Brazilian state-owned oil company, has announced its interest in investing in an ethanol plant in Chile. According to several newspapers, the company is in
the process of finalizing investment plans. After the July 2006 International Seminar
on Agroenergy and Biofuels in Santiago, a Petrobras official confirmed the company’s
interest in developing the Chilean biofuels industry.15
The lack of more extensive private-sector involvement in Chile reflects the country’s
very recent engagement with the industry.
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Investments are limited, although several projects have recently been finalized and
should be initiated in the coming months.
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The Cellulosic Opportunity
In addition to the current opportunities for private-sector investment in biofuels, advances in cellulosic research might open new paths. Currently, wood chips are Chile’s
third-largest export (11.8% of total exports) and are shipped to 86 countries. The leading destinations are Japan, the United States, South Korea, and Western Europe. It is
estimated that wood chip exports will reach $3 billion by 2010.
While the majority of Chile’s pulp and plantation industry is domestically owned and
operated, major foreign investors include New Zealand’s Carter Holt Harvey and
Fletcher Challenge, Shell of the Netherlands, and from the United States, Simpson Timber, International Paper, Scott Paper, CitiBank, and two pension funds, RII-UBS and
Xyem. Japan’s Mitsubishi, Sumitomo, and Daio Paper each have eucalyptus plantations as well as joint ventures with various Chilean companies in the wood chip export
business. Direct multinational logging in native forests includes Cranefield of Canada
and the US-based Trillium company/Savia investment group, which has a large-scale
project covering 250,000 hectares in Tierra del Fuego.
A breakthrough in cellulosic technologies for ethanol could turn what is already a commercially viable industry into a remarkable opportunity for Chile.
E) RESEARCH & DEVELOPMENT
As Chile is just beginning to assess its potential for biofuels, there has been relatively
little R&D. However, as discussed, the Ministry of Agriculture designated $1 million to
promote agroenergy R&D through the Agricultural Innovation Foundation (FIA).
FIA is responsible for promoting innovation related to domestic agricultural production in Chile. The institution is also in charge of significant financing mechanisms for
private projects and government programs related to agriculture. Its studies will focus
on the possibilities of using corn and sugarcane based ethanol for an initial 10% blend
(E10) with gasoline and the use of edible oils, mainly soy and rapeseed, for an initial
20% blend (B20) with regular diesel.
The R&D environment is likely to improve if FIA’s current studies endorse a government decision to offer incentives to the biofuels industry.
F) CONCLUSION
Chile is still in the starting blocks on biofuels development, despite its clear need for
energy diversification. The country currently has no biofuels production. Some initial
indications of interest have come from the Chilean national oil company and Petrobras.
Research has not yet identified the optimal crop for biofuels development, although
corn seems to be favored. The government has passed a Renewables Law, but it will
require considerable elaboration before it can become a viable blueprint for development of the industry. Chile’s long-term opportunity would appear to rest on advances
in cellulosic research. Wood chips are the country’s third-largest export, projected to
increase to $3 billion in 2010. A breakthrough in cellulose technology could open the
door to significant biofuels production.
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1.4 COLOMBIA

Source: World Factbook

A) INTRODUCTION

B) GOVERNMENT POLICIES
As in most countries, biofuels production in Colombia has been spurred by government policy, namely mandatory blend targets that create a guaranteed domestic market for early production. With the exception of Brazil, Colombia has the most developed regulatory framework in the region.
The Colombian government has promoted ethanol much more actively than biodiesel.
In 2001, the Colombian government passed Law 693, which outlines several expected
benefits of fuel standards, including reductions in hydrocarbon and carbon monoxide
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Colombia is second only to Brazil in the Americas for biodiversity and is positioning
itself to be a hemispheric leader in the production of clean fuels. Biofuels could help
Colombia diversify its fuel consumption and agricultural production, create jobs in the
agriculture sector, and provide an alternative to the production of illicit substances.
The transport sector will be critical. According to the Ministry of Mines and Energy,
transport accounts for 30% of total energy consumption, in part due to subsidies that
encourage inefficient use. The government is addressing this issue by gradually decreasing subsidies, launching a public awareness campaign, and promoting alternatives like natural gas and biofuels.1
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emissions, maintenance and generation of jobs in the agricultural sector, and agro-industrial development. The law also stated that fuel used in metropolitan areas with
more than 500,000 habitants should, by no later than 2002, have oxygenated components such as carburant alcohols, including ethanol and other oxygenating alcohols
(the law states that private parties can participate in the production, distribution and
commercialization of these alcohols.) Although not clearly defined in the legislation,
the law also grants ethanol special privileges in energy self-sufficiency policies.2
In 2002, legislation was enhanced by Law 788, which exempts fuel alcohol from the
Value Added Tax (VAT), as well as others. A 2005 regulation set the price for a gallon of carburant alcohol as $3,906.89 at the door of the refinery (roughly equivalent to
$1.70 per gallon). It also guaranteed purchases by bulk distributors. 2005 also saw the
introduction of a desired 10% ethanol blend that the government hopes to increase to
25% within 20 years. (There are reports that the government is considering a near-term
increase of the ethanol blend to 20%.) A February 2006 regulation included the international price of sugar in the calculation of ethanol price. Recent regulations have also
addressed the production, handling, and storage of ethanol and other additives.3
The government began to develop a biodiesel framework in 2004. Law 939 creates incentives and tax exemptions for the production and commercialization of biodiesel for
use in diesel engines, and a Ministry of Mining and Energy resolution extends incentives for a 5% biodiesel blend.
Income generated by crops used as biodiesel feedstock (including cocoa, rubber, palm
oil, citric acid, and fruits) is tax-exempt. The law also delineated the oils that can be
blended with regular fuels, including ethanol, biodiesel, biometanol, biodimetileter
(biomass), synthetic biofuels, biohydrogen, and pure vegetable oils. Quality standards
provide that diesel fuel for use in engines can contain biofuels of vegetable or animal
origin.
Relations with Brazil
In October 2006, Ecopetrol, Colombia’s state-owned energy company, signed an accord with Petrobras, its Brazilian counterpart, for the joint development of biofuels
and distribution systems for petroleum byproducts. The companies agreed to sponsor
studies on new production ventures, transportation and infrastructure, and technological support.4 The agreement marks the first substantial cooperation between the
two countries on biofuels.
C) CURRENT SITUATION
Colombia is heavily dependent on oil. In 2005, Colombia produced approximately
526,000 barrels of oil a day, exporting about half of that production, the majority of
which is bound for the United States.5 Oil accounts for 41.4% of domestic energy consumption, significantly higher than the global average of approximately 35%. The dependency owes much to inefficient consumption facilitated by subsidies, a problem
the government is seeking to address.
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Energy Matrix
Chart 1.4a: Colombia’s Energy Matrix (2003)
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Source: IEA

Current Production
Colombia produces both ethanol from sugarcane, cassava, and maize, and biodiesel
primarily from palm oil.
Table 1.4a: Biofuels Feedstock Production (tons)
Crop
Sugar
Cassava
Maize
Palm Oil

Type of energy
Ethanol
Ethanol
Ethanol
Biodiesel

2003 production
16.574.312
1.840.717
1.208.595
526.610

2004 production
16.961.864
1.943.098
1.398.724
630.388

2005 production
7.717.120
2.059.683,9
1.556.222
654.555

%change 04-05
4,5
6,0
11,3
3,8

Source: Sociedad Colombiana de Agricultores

Colombia is a highly efficient producer of sugarcane. In 2004, it ranked 7th in the
world for total quantity produced and did so with a yield of 93 tons per hectare, compared to 74 tons per hectare in Brazil, but unlike Brazil, Colombia depends on irrigation, which drives up costs. Thirteen of the country’s fourteen refineries are located in
the fertile Cauca Valley. They produce more than 99% of Colombia’s sugar thanks to a
climate that permits year-round production.7 The first stage of ethanol production in
Colombia relies on this existing industry. Already five of these refineries have added
distilleries to their plants and are producing together more than one million liters of
ethanol daily. These facilities are capable of meeting demand in the areas participating
in the first phase of the ethanol program.
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Ethanol Production
2005 has been labeled the beginning of the ethanol era in Colombia. Ethanol has created a promising new outlet for the country’s agriculture sector, and particularly for
sugarcane producers, who have been vulnerable to price volatility in the international
sugar market. Of the approximately 200,000 hectares planted with sugarcane, 50,000
is now going to ethanol production, taking an estimated 15%-25% of surplus sugar off
the market, according to the Agriculture Ministry.6
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Table 1.4b: Sugar Industry Moves Into Ethanol

Refinery / Distillery
Ingenio Incauca
Ingenio Providencia
Ingenio Risaralda
Ingenio Mayagüez
Ingenio Manuelita

Commenced Operation
October 2005
October 2005
January 2006
March 2006
March 2006

Source: Asocaña

Further expansion may spread production beyond just this most productive region.
The distribution system will involve truck transport from distilleries to local supply
centers near major cities run by the country’s three major distributors: ExxonMobil,
Terpel and Texaco. There, the distributor blends the ethanol into the oil, and the fuel is
then moved by tanker truck to local service stations. The chart below shows projected
future capacity of projects throughout the country.
Table 1.4c: Capacity Potential of Identified Ethanol Projects

Source: Asocaña
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Map 1.4a: Zones for Potential Cane Expansion

Source: UPME

Colombia is also pioneering the use of cassava for ethanol production. There are already 128,000 hectares planted with cassava, and cultivation is rapidly growing. One
plant using cassava is already operational and produces 20,000 liters a day. Two more
plants, with a capacity of 75,000 liters a day, are under construction, and work on a
project twice that capacity began recently in the state of Cordoba.8
The production of ethanol is expected to more than triple by 2020, thanks to both increased land dedicated to cassava farming, and what one can assume is production
efficiencies in molasses and sugarcane based ethanol.
Table 1.4d: Ethanol Area by Feedstock (ha)

Table 1.4e: Ethanol Production by Feedstock (1,000 liters)

Source: UPME

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

Source: UPME

85

1.4 COLOMBIA
Biodiesel
Biodiesel activity, both in terms of projects and research, is focusing on the African
Palm. While Colombia produces large quantities of soy and other oilseeds, these commodities are not particularly competitive and production is declining. Colombia leads
the Americas in palm production, and is the fifth-largest producer and exporter of
palm oil in the world (fourth in terms of yield per hectare).
Chart 1.4b: Top Global Palm Oil Producers (2004) (billion liters)
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A national plan for the development of the palm oil agroindustry calls for an additional
640,000 hectares by 2020, an expansion that is expected to create 100,000 new jobs and
300,000 indirect jobs, with the added benefit of offering an alternative to drug cultivation.9 Palm grows throughout the country, but rapid expansion is occurring in the
north, according to Fedepalma, the industry association.10 The Colombian government
is supporting this expansion through Finagro, a group extending credit to integrate
producers, commercial and industrial, public and private entities in support of industrial agriculture.11
Chart 1.4c: Planted and Immature Palm Oil by Region

Planted
Eastern: 31.4%

Prepared by Garten Rothkopf

86

Immature
Central: 24.3%

Eastern: 24.2%

Central: 23.4%

Western: 7.2%
Western: 11.6%

North: 32.7%

North: 42.1%

Source: Fedepalma
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Interest in biodiesel is increasing in all four productive regions of the country. Producers in the country’s banana industry in Urabá are reportedly exploring the palm-based
biodiesel industry in an effort to diversify the region’s agriculture sector, which produces an excess of bananas. The region would like to use more of its billion plus hectares of arable land, only 30% of which is under cultivation.12 Fedepalma claims that,
with expanded cultivation along these lines, producers could meet the demands of a
15% blend requirement. The association contends, however, that producers are waiting for clear signals that the government will help create a market for the product.13
The map below shows areas determined to be suitable for palm cultivation.
Map 1.4b: Areas of Potential for African Palm

Source: UPME

Domestic consumption
The Government’s national ethanol plan has now created a base level of demand. The
10% blend requirement in Bogota, Valle del Cauca, and the coffee-producing areas,
regions which represent 57% of Colombian transport oil consumption, now requires
nearly all current ethanol production.14 Expanding the 10% blend to the rest of the Colombian market, planned for 2007, is expected to increase consumption to 700 million
liters a year and require a trebling of land dedicated to feedstock cultivation.15

Export
There are currently no exports of ethanol or biodiesel. Ethanol producers plan to meet
domestic demand before considering the export market, but they are keenly aware of
its potential, particularly in the US market. Should a recently negotiated free trade
agreement gain Congressional approval, Colombia would enjoy tariff free access to
that rapidly growing market. The US market is all the more appealing because supply shortages and high-cost production have driven up prices, which are 30% higher
than in Colombia. The free trade agreement may affect Colombian ethanol in another
way: unrestricted trade with the US means that high fructose corn syrup will enter
the market and threaten the sugar industry. Ethanol provides an alternative outlet for
sugarcane that may help offset this impact.16
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Biodiesel consumption in Colombia is still small-scale, although some local communities have made it a primary fuel. The town of Gaviotas, for example, has a plant
sponsored by the University of Colorado in Boulder which produces biodiesel for use
by the community.
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D) PRIVATE SECTOR
The biofuels sector has grown up from almost nothing in the past two years, but major
investments are needed for its continued expansion. To meet domestic demand, the
industry will require an estimated $400 million in investment over the next five years
and $100 million in new infrastructure for distribution. The five existing ethanol distilleries in the Cuaca Valley alone required at least $80 million and benefited from existing infrastructure and proximity to Colombia’s most efficient sugarcane production.17
The industry could technically remain concentrated in the Cuaca Valley, but with no
available land for expansion, any increase in ethanol production there will come at
the expense of sugar production. Moreover, transporting the ethanol to more distant
markets adds an estimated 7-8% to the cost.
To effectively service local markets then, ethanol production facilities will need to be
constructed as greenfield projects,18 a requirement that makes finding investors more
challenging. While Colombia is one of the most attractive regional markets for international investors, “green” investors have not flocked to these new projects. Absent
major new investment, it is unlikely that there will be sufficient productive capacity to
meet the 2007 target of a 10% ethanol blend throughout the country.19
A number of factors limit investor enthusiasm. Many of the new projects needed to ensure countrywide distribution are located in areas less suited to sugarcane production
due to climate, topography, and a lack of transport infrastructure. Still, some projects
are moving forward, including a $7 million investment by local company Petrotesting
in an ethanol facility in Llanos Orientales with production capacity of 20,000 liters a
day.20
Another area of potential private sector investment is electrical and steam cogeneration. Bagasse, a sugar byproduct, is burned by many sugar mills to produce electricity
and steam. Usually, the primary purpose is to dispose of the bagasse and to produce
enough energy to meet the needs of the sugar mill. However, advanced technology has
been developed to produce energy in excess of sugar mill needs which can be sold on
the market. Colombia’s sugarcane industry association, Asocaña, estimates that with
investments in high-pressure boilers and increased utilization of cane waste, plants
could generate 200 MW of excess electricity for sale to the national grid. This generation could help address the estimated 660MW and 1,160MW of additional power
capacity that will be needed in 2009-2013. According to the group’s annual report,
however, investments of this kind will require additional economic incentives.21
There is a great deal of enthusiasm surrounding biodiesel production, both for the domestic market and for export. Most areas with productive potential are concentrated
near the coast, making exports viable. Unlike with ethanol, there is ample room for
expansion. According to industry association Fedepalma, there are already 8 biodiesel
plants with an installed capacity of 685,000 tons each year. As the mandated 5% blend
will require just 200,000 tons, producers are looking to export markets. To date, investment in the sector has come exclusively from local actors, largely from companies
already in the palm-oil business.
E) RESEARCH & DEVELOPMENT
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For a relative newcomer, the biofuels industry in Colombia has sparked a considerable
amount of research interest and activity.
The Corporation for Industrial Development of Biotechnology and Clean Production
(Corpodib), a public-private institution affiliated with the National University, has taken the lead in the research effort behind Colombia’s national biofuels plan, including
zoning the country for the production of biofuels feedstocks. Corpodib has conducted
studies of ethanol plant design, fermentation, energy consumption, and solid and liquid disposal.22 On biodiesel, it conducted studies of new technology, the national market, and raw material costs. It also established a pilot plant for biodiesel production
in cooperation with Transmilenio, the public transportation system of Bogota, which
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tested and used the biodiesel in its buses.23 Corpodib has continued to study how to
optimize biofuels production processes.24
The government is also promoting biofuels R&D through the state energy company
Ecopetrol and the National Institute for Science and Technology, Colciencias, which
in January 2006 sought proposals for the establishment of “centers of excellence” – including one on biomass and biofuels.25
The Colombian Sugarcane Research Center (CENICAÑA) is financed by the sugar
mills and individual sugar producers who comprise the Colombian Association of
Sugar Producers (ASOCAÑA), much like the CTC in Brazil. Its research agenda is
established by a board representing the financing institutions and has historically focused on developing improved varieties with higher sugar content, earlier maturity,
resistance to disease, and susceptibility to mechanized harvest.26 These developments
have contributed to the productivity of the industry, which has grown more than 50%
since 1980.27
The holding company Petrotesting, which owns the only cassava-based ethanol refinery, has partnered with the Cali-based International Centre for Tropical Agriculture
(CIAT) to study the optimal cassava plant for ethanol production. CIAT is the global
leader in cassava studies and has 6,000 varieties in its gene bank.28
The Universidad Nacional de Colombia and the University of Antioquia are studying the optimization of biodiesel production through transesterification with methanol from Tenera, a hybrid of the African palm grown in the country. A public-private
collaboration, the research is being done by Interquim S.A. with financing from Colciencias, the national institute for science and technology. The project is advocating a
mandatory national 30% biodiesel blend, which would require an additional 270,000
hectares of palm cultivation and create an estimated 70,000 jobs.29
Cenipalma, a private institution jointly funded by the federal government and palm
oil producers, is also researching biodiesel production. In January 2005, it opened an
experimental farm to identify the optimal varieties of palm. Cenipalma has long been
engaged in developing high-yield varietals for the country’s palm oil industry and is
hoping to raise oil yields to 12 tons per hectare from a current average of four.30 The
organization has since partnered with the palm oil union Fedepalma and Pro-Palma to
conduct a nationwide viability study for palm-oil biodiesel production.
F) CONCLUSION
After Brazil, Colombia is one of the leading countries in the region in all aspects of biofuels development, from the strong foundation of appropriate natural resources and
government regulations to research & development initiatives and the pace of private
sector investment. While the further expansion of sugarcane-based ethanol production
faces hurdles, the country’s biodiesel industry shows incredible promise, both for the
domestic market and as a major export industry.
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Source: World Factbook

A) INTRODUCTION
A slow shift is underway in Ecuador toward the production of ethanol and biodiesel. Private investment and research are showing interest in the industry, and there is
strong potential for a domestic market. Yet, the government has yet to play the major
role it must—particularly with respect to budgets and land use—to capitalize on these
trends.

Subsidies and Inefficiency
In recent years, the government has attempted to solve some of its pressing energy
security issues. Ecuador’s energy sector has long been heavily subsidized, inefficient,
poorly managed, and almost entirely dependent on petroleum [Chart 1.5a]. For instance, in 2005, total subsidies totaled $718 million: $281 million for liquid petroleum
gas (LPG), $357 million for diesel, and $80 million for electric energy. The general use
of electricity for commercial, industrial, and domestic purposes is highly inefficient,
and there is no legal framework for managing consumption or promoting efficiency.1
Experts have pointed out that the current state of Ecuador’s energy sector is the result
of a decade of government policies that divorced the power sector from the oil sector
and obstructed an integrated energy policy. This bifurcation left the country heavily
dependent on oil and hugely inefficient in its use. The government has now initiated
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reforms to address the issue.2
Diversifying the Matrix
The National Council for Electricity, which has demonstrated a growing commitment
to energy security in the past few years, has designed a threefold strategy to improve
energy consumption efficiency, reduce subsidies for the power sector, and diversify the
country’s energy matrix. Accordingly, the government has been working to create a
Clean Energy Fund that will increase the use of renewable sources for power generation, such as solar, wind, hydro, biomass and residues. The goal is to make the electrical sector more efficient and less dependent on government subsidies.3
On energy diversification, the government has two major policy initiatives. The National Program for Biofuels (Programa de Biocombustibles), established through Executive Decree 2332, declares the production, commercialization and use of biofuels
to be in the national interest. It creates a Consultative Council for Biofuels with direct
access to the President’s Office. The Environmental Regulation for the Operation of
Hydrocarbon Industries, passed in 2001, promotes the production of oxygenated additives, such as ethanol, for blending with gasoline.4
Following on these initiatives, the government launched an Ethanol Program in 2004
to promote the cultivation of sugarcane for ethanol production. The program seeks to
achieve a 5% ethanol blend by the end of 2006 in the city of Guayaquil. If successful
there, the plan would be extended to the rest of the country.5 The government’s strategy for biodiesel is very similar, though it seeks a 10% blend of palm-based biodiesel
into regular diesel. No city has been chosen yet for the biodiesel pilot project.6
Despite having passed key legislation in 2004, the government has only recently announced its intention to designate funding and specific land for production expansion.
Detailed plans for the implementation of biofuels projects are still lacking.7
Relations with Brazil
In 2004, Ecuador and Brazil signed a memorandum of understanding on energy, but
the document did not include biofuels.8 In July 2006, the countries held a joint symposium to explore possibilities for cooperation on the biofuels industry in Ecuador. This
symposium was a result of contacts between President Alfredo Palacio and President
Lula da Silva at the Summit of the Americas in November 2005.9
C) CURRENT SITUATION
Energy Matrix
As discussed, Ecuador’s energy sector has been heavily subsidized, inefficient, and
dependent on oil and natural gas.
Chart 1.5a: Ecuador’s Energy Matrix
Sugar Cane: 3%

Wood: 3%
Hydro: 7%
Natural Gas: 19.5%
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Production Capacity and Land Availability
Ecuador has great potential to expand ethanol production. The country has a variety of
microclimates optimal for sugarcane, high quality soil, and a large supply of available
labor.10 Approximately 75,000 hectares are already dedicated to sugarcane cultivation,
and current ethanol production is approximately 8.74 billion liters per year.
The Ethanol Program seeks to achieve daily production of 14.6 million liters annually
by diverting most existing sugarcane production to ethanol from sugar. The plan also
envisions the possibility of expanding sugarcane production by 50,000 hectares, which
would allow for a 10% blend with gasoline, instead of the initial 5%. Given projected
annual gasoline consumption of 2.38 billion liters by 2008, the expected demand for
ethanol, at a 10% blend, would be approximately 235 million liters a year, more than 10
times today’s production.11
Ecuador has a robust palm oil industry, which could provide feedstock for biodiesel.
Approximately 207,000 hectares are dedicated to palm, which yield 350,000 metric tons
of palm oil. 57% of this palm oil is consumed domestically and the rest is available for
export.12 With consumption of diesel expected to reach 3.74 billion liters by 2008, the
expected annual demand for biodiesel, at a 2% blend, is around 159 million liters. The
government plans to rededicate most of its exports of palm oil to biodiesel for domestic
consumption.13
D) PRIVATE SECTOR
Thus far, Ecuador’s private sector has been reluctant to invest significantly in the biofuels industry. A major concern is the lack of a clear plan for expanding the land available for sugarcane production. Despite the establishment of a legal framework for the
biofuels industry, the government’s ethanol and biodiesel projects still exist on paper
only, and no implementing regulation has been signed.14
The Etanolsa Guayas, a union of 4,000 sugarcane producers from the Simón Bolívar region, has repeatedly complained that the government has failed to authorize funds for
a refinery to support its 75,000 acre expansion, which was approved by the legislature
in 2000. Similarly, the National Ecuadorian Union of Sugarcane Producers (UNCE) has
pressured the government to expand sugarcane production. Both groups are hopeful
that government support will be forthcoming soon.15
The private sector has also been disappointed with the government’s pace on biodiesel.
The National Association of Producers of African Palm (ANCUPA) has proposed a
series of projects for the government’s consideration, but no final decision has been
made.16
Most sources agree that the government’s initiative in Guayaquil is closest to becoming
operational. However, investment of $30 million is still required.17 The Bejar Trading
Company, an Ecuadorian subsidiary of China Dalian International Cooperation Holdings has discussed investing in the project, but little information about the negotiations
has been made public.18

Research and development on biofuels in Ecuador has been moving slowly. One significant initiative is the Network for Biotechnology Cooperation for Agriculture (Red
de Cooperación Técnica en Biotecnología Agropecuaria). The Network is a project of
the Food and Agriculture Organization, which has operated in Ecuador since 1991. It
aims to facilitate technology transfers between institutions enaged in biotechnology for
agricultural applications.19 The network has supported several studies of sugarcane
applications, including ethanol. One key goal is to improve the production yield per
hectare. Current production is 74 tons per hectare for irrigated land, similar to Brazil’s
yield without irrigation. Sucrose levels, however, are below 10%.20
The Escuela Politécnica Nacional (EPN)’s science department has also been active in
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research. In recent studies, EPN has been able to produce small quantities of ethanol
from wood residues and paper trash, such as newspapers. Trajano Ramírez, a chemical engineer who also works with the Network, coordinates the project, which aims to
expand wood-based ethanol production through governmental support and private
investments.
F) CONCLUSION
As in most countries, implementation is the key to biofuels development in Ecuador.
The absence of an integrated energy policy, continued subsidies for petroleum-based
products, limited R&D, and poor sugarcane yields all impede the country’s biofuels
effort. Exploratory discussions are underway on cooperation with Brazil, but no substantive work has begun. The private sector is interested in biofuels but is unwilling
to commit until the government elaborates its legal framework and actively supports
land expansion for sugarcane production. Until the government becomes more active,
progress will be slow.
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1.6 PARAGUAY

Source: World Factbook

A) INTRODUCTION
Paraguay ranks 106th out of 120 countries in economic competitiveness, according to
the World Economic Forum’s Global Competitiveness Report.1 Like many of its neighbors, Paraguay suffers from a variety of maladies, including official inefficiency, corruption, and crime, which continue to obstruct Paraguay’s industrial development and
integration into the global economy. Despite these challenges, Paraguay’s economic
growth averaged 3.5% between 2003 and 2005, and the national poverty rate has declined in recent years.2

B) GOVERNMENT POLICIES
Following the oil shock of 1973, Paraguay followed the lead of Brazil and the United
States and launched a national ethanol program. However, government support for
the program declined with the fall of oil prices and by the early 1980s, it had dissolved
completely.3
In a second attempt at biofuels production, Paraguay launched its Ethanol Program in
1999. The program mandates a blend of up to 20% with most gasolines, although it is
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Paraguay is a borrowing member of the Inter-American Development Bank and has
been a member of Mercosur since 1991. Trade with Brazil forms a large part of its
GDP.
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estimated that the country’s ethanol production capacity can only support a blend of
18%. The Ethanol Program also provides a tax incentive for ethanol use, by reducing
the standard fuel tax of 50% to just 10%.4
In 2001, the Paraguayan government issued Decree No. 12.111, which created a working group to study the technical and economic feasibility of biodiesel. The group found
that, given the high and volatile price of oil, the substitution of a reasonable percentage of biofuels was economically viable and would help limit the economic impact of
fluctuating fuel prices.5
A Biofuels Law, enacted in 2005, supported the findings of the working group and
declared the development of biofuels, including biodiesel, a matter of national interest.
It mandated the use of local resources as feedstock for ethanol and biodiesel, provided
market support in the form of incentives, and reduced licensing requirements for biofuels-related activities.6
Most recently, a program enacted in 2006 called Ethanol 85 raised the required percentage blend of ethanol to 24%, greatly increasing demand for the fuel. According
to Paraguay’s Ministry of Industry and Commerce, the nation’s ethanol demand has
reached 465,000 liters per day.7 As of October 2006, regulations on biofuels quality
standards and other matters were still pending.8
Relations with Brazil
Paraguay has several bilateral agreements with Brazil, including for technical cooperation on agrarian development and for training and professional capacity-building.
The countries have reached an agreement to cooperate on the development of biofuels
technology.9 Recently, ministers from the two countries agreed to support an initiative
set forth by the Paraguayan Ministry of Industry and Commerce for a business seminar
on Investments and Integration of Production Chains for Biofuels. The conference is
scheduled to take place in early 2007.10
C) CURRENT SITUATION
Energy Matrix
The majority of Paraguay’s energy comes from hydropower, with less than 16% of its
energy derived from oil [Chart 1.6a].
Chart 1.6a: Paraguay’a Energy Matrix (2003)
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Oil: 15.9%
Source: International Energy Agency11

Paraguay’s electricity sector is controlled by its state-owned utility, the National Electricity Administration (ANDE), which operates the Acaray hydroelectric dam, six thermal power plants, and shares responsibility for two hydroelectric dams with Argentina. With Brazil, ANDE jointly manages the Itaipu dam, currently the world’s largest.
Paraguay uses 16% of its electricity yield from Itaipu and exports the rest to Brazil. The
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country consumes only 1% of the power derived from the 3,500-megawatt capacity
Yacyreta dam and exports the remainder to Argentina.12
Paraguay consumed 4.5 million liters (28,000 barrels) per day of oil in 2006, all of it imported (the country does not produce any oil). The state-owned petroleum company,
Petroleos Paraguayos (Petropar), has a monopoly on the import and sale of petroleum
products and operates the country’s only refinery, the Villa Elisa facility, which has a
capacity of 1.2 million liters (7,500 barrels) per day.13 In 2005, Petropar signed a deal
with Venezuela that grants the company preferential terms for crude oil imports.14
Biofuels Production
Paraguay has 39.73 million hectares of land, 67,000 of which is irrigated. 7.47%, or
nearly 3 million hectares, is considered arable and 0.94%, or 373,462 hectares, is used
for permanent crops. The Paraguayan economy is largely based on small farms, with
sugarcane, corn, wheat, cassava, and soybeans as the major agricultural products.15
Given this agricultural strength, Paraguay has good potential to become a large-scale
producer and net-exporter of biofuels.
Ethanol
Cereal grains and other starch crops account for a large part of Paraguay’s agricultural
cultivation, and could be used to produce ethanol. The country annually produces 1.1
million tons of maize (corn), 5.5 million tons of cassava, 3.6 million tons of sugar cane,
and 715,000 tons of wheat. Based on net exports, maize, sugar cane, and wheat have the
greatest potential to serve as feedstock for ethanol production.16
Biodiesel
Of the nation’s agricultural products, soybeans are the most promising resource for
large-scale production of biodiesel. Paraguay is expected to produce 3.6 million tons
of soybeans in 2006 and is consistently a net exporter.17 Additionally, the country produced 125,660 tons of palm kernel equivalents, 27,660 tons of rapeseed and mustard
seed, and 440 tons of oilseed in 2004.18
Studies show that Paraguay is currently using only 10% of its arable land. An estimated
20,000 acres of arable land could be used to cultivate biofuels crops, especially soybeans, without diverting farmland from food crops.19
D) PRIVATE SECTOR
Soybean production has expanded dramatically in Paraguay in recent years: soy accounted for 10% of the country’s economy and 50% of its exports in 2005. Large multinational agribusinesses like Cargill, a U.S. grains conglomerate, have been the prime
drivers of this expansion and will play a large part in the future development of a
domestic biodiesel program.20
E) RESEARCH & DEVELOPMENT

F) CONCLUSION
Paraguay’s total dependence on imported oil and its robust agricultural economy make
it a strong candidate for a domestic biofuels industry. The country grows a number of
feedstock crops suitable for both ethanol and biodiesel production, and studies show
that there is potential to expand the cultivation of these crops to underutilized land
without diverting land from food crop cultivation. The passage of pending legislation
and continued technical cooperation with the Brazilian government would help the
country realize its biofuels potential.
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Paraguay currently has agreements with the United States to facilitate the transfer of
technology and research related to biofuels production. Paraguay has also increasingly looked to Brazil for expertise, and the two nations have an accord to cooperate in
the development of biofuels technology.21
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1.7 PERU

Source: World Factbook

A) INTRODUCTION
Peru has taken a number of important steps to promote its domestic biofuels industry.
As with many other countries in the region, Peru began by establishing a regulatory
framework and mandated blends of biofuels, which should soon be followed by investments and R&D incentives.

Peru’s established sugarcane production and the work the government has done to lay
a legal and regulatory foundation are positive, but further budget and tax incentives
will be necessary to develop the nascent industry.
B) GOVERNMENT POLICIES
In recent years, Peru has worked to establish an initial legal framework for the promotion of biofuels through two main instruments, the 2003 Biofuels Market Law (Ley de
Promocion del Mercado de Biocombustíbiles), also known as PMB Law, and the 2005
Supreme Decree 03.
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The need to decrease reliance on traditional sources of energy is a strategic requirement for Peru and the strongest motivation to develop biofuels. In addition, the use of
ethanol has been promoted as an instrument to reduce pollution, foster development in
rural areas, and create jobs across the country. Finally, it is anticipated that the ethanol
industry may serve as an alternative to narcotics and assist Peru’s fight against illegal
drugs.
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The PMB Law established a series of guidelines for promoting biofuels and created a
Program for Biofuels Promotion (PROBIOCOM) and a Technical Commission for Biofuels (TCB).1 The two bodies will promote production and trade of biofuels, strengthen
R&D initiatives, invest in human resources, and create incentives for commercialization. A particular focus of both institutions will be fostering the production of biofuels
in the Amazon region as an alternative to drug cultivation.2 The TCB will also work in
cooperation with the National Environment Council in order to ensure that expansion
in the Amazon region is pursued responsibly.3
In 2005, a Supreme Decree required blends of 7.8% ethanol with gasoline and 5%
biodiesel with diesel. It also called for ethanol production to begin in the regions of
La Libertad, Lambayeque, Ancash, Piura, Barranca and Huaura by July 2006; in the
regions of Loreto, Ucayali, Amazonas, San Martín, and Huánuco by January 2008; and
in the rest of the country by January 2010. The Decree also envisions biodiesel commercialization in the regions of Loreto, Ucayali, Amazonas, San Martín, and Huánuco
by January 2008; and in the entire country by January 2010.4
As of late January 2007, ProInversion, Peru’s private investment promotion agency, will
coordinate a subcommittee tasked with outlining technical standards for ethanol and
biodiesel as part of Probiocom. Representatives of Industrias del Espino, Peruana de
Combustibles, Heaven Petroleum, Biodiesel Perú, Repsol, automobile manufacturers
association Araper, and local universities will participate in the subcommittee.5
Both the PMB law and the Decree insist that biofuels crop projects comply with national environmental laws and reinforce anti-narcotics initiatives.6
Challenges to the Framework
An initial legal framework is in place, but recent analyses have highlighted the need
for implementing regulations. The Center of Rural Promotion, a Lima-based research
center linked to the Peruvian Ministry of Agriculture, has recommended a number
of changes to the current framework. For instance, the center points out that ethanol
may not be competitive with regular fuels if taxes and incentives are not structured appropriately, especially given future fluctuations in the relative prices of sugar and oil.
According to the study, the production of palm oil-biodiesel would cost approximately
$0.50 per liter, a level that may be too high to be viable without state intervention in
the form of tax incentives or price subsidies. The study also recommends increasing
gasoline blends to 10% ethanol and diesel mixes to 20% biodiesel.7
Relations with Brazil and Regional Cooperation
In February 2006, Peru’s National Counsel of Science, Technology and Technological
Innovation (CONCYTEC) renewed a program on biotechnology and biofuels with
Brazil’s Agricultural Research Corporation.8 The governments of Brazil and Peru also
signed an agreement in June 2006 to work together on projects related to the development of alternative crops for biofuels.9
The Free Trade Agreement (FTA) Peru signed with the US allows it to export biofuels
into the US market and creates an opportunity for ethanol and sugar producers. However, there is some concern in Peru that recent agreements signed with Mercosur could
threaten the domestic biofuels industry by allowing lower-cost Brazilian product access to the market before Peru’s industry reaches cost efficiency.10
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C) CURRENT SITUATION
Energy Matrix
Peru is heavily dependent on non-renewable sources of energy, which account for almost 70% of consumption.
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Chart 1.7a: Peru’s Energy Matrix (2003)
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Production Capacity
Peru has a number of crops that can be used for biofuels production, including sugarcane, sorghum, corn, yucca, potatoes, and rice. Peru is particularly competitive in
sugarcane, boasting the highest yield per hectare in the world.11 According to the Food
and Agriculture Organization, the Peruvian sugarcane industry in 2004 produced 120
tons per hectare compared to just 73 tons per hectare in Brazil. The industry is also
growing; production in 2004 increased 5%.12
80% of Peru’s sugarcane goes to sugar production, and ethanol production is consequently quite low; in 2003, the country produced just 30.4 million liters. Using 2004
gasoline sales figures, it is estimated that 102 million liters of ethanol will be needed to
reach the PMB’s planned 7.8% blend standard by 2010.13
One of the strategies for expanding production is to increase cultivation in the Amazon
region, which may have as much as 2 million hectares of available land. The northeastern region of San Martin is particularly promising. It currently has 3,500 hectares of
sugar cane but there are plans to develop another 7,500 and build 45 distilleries.14
The principal challenge to such projects is establishing transportation logistics in
the jungle. A 1,029 kilometers pipeline is being planned to transport product to the
Boyóvar port in Piura, but this project will require investment of US$185 million.15
There is no significant biodiesel production to report, though Peru does produce significant quantities of palm oil, soy, and sunflowers, all of which can be used for biodiesel.

Peru’s biofuels market is still in its early phases. The Peruvian Association of Sugar
and Biofuels Producers forecasts that investments of approximately $400 million will
be needed in the next decade.16 Several companies appear to be positioning themselves
as leaders in this developing market. One is Palma Selva SA, which manages several
major projects in the Lima region. The company owns 1,800 hectares dedicated to
biofuels feedstocks and is expanding production of both sugarcane and palm oil. The
company has already established partnerships with Coimex Trading Co., from Brazil,
and US-based Coler & Colantino Consortium.
Another company, Pure Biofuels, is also emerging as an important player, with aspirations of becoming the leading biodiesel producer in Latin America. Pure Biofuels will
construct its first biodiesel refinery near the Callao port in Lima, investing $30 million
in the project. The plant, which is to be operational by November 2007, will have
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an initial annual production capacity of 180,000 tons of biodiesel, with expansion to
360,000 tons per annum planned by 2009. The company will also increase investment
to $100 million in the next four years to cultivate feedstock in the Andes and Amazon
regions. Pure has also signed pre-sale MOUs with local Peruvian fuel distributors for
the entire production of the Callao facility. 17
In January 2007, Texas-based company Maple announced plans to begin ethanol production from its project in coastal Peru in the second quarter of 2009. The company
aims to begin testing sugarcane in a pilot area in March, with full-scale planting to start
in November.18
E) RESEARCH & DEVELOPMENT
The government anticipates that research and development for new biofuels technology will be led by national universities and by the National Council of Science, Technology and Technological Innovation (CONCYTEC). These entities will help create
the technology and design infrastructure for the production, commercialization and
distribution of biofuels.19
CONCYTEC has already begun research on the production of biodiesel based on oil
resources from the Amazon. For its part, the Universidad Nacional Agraria La Molina
(UNALM) has begun research on the production of biodiesel from edible oils and has
created small-scale prototypes.20
F) CONCLUSION
The elements for the development of a sustainable biofuels sector in Peru appear to be
in place. A basic legal framework has been approved. Fuel blending targets have been
established, environmental concerns are being addressed, and the country already has
a high-yield sugar cane industry the expansion of which could feed ethanol production. Peru has also concluded two cooperation agreements with Brazil and has negotiated preferred access to the US market although this agreement is still pending approval by the US Congress. Importantly, several private-sector firms have made initial
investments in biofuels production. Questions remain, however, about the feasibility
of government plans to expand sugar cane production in the Amazon region and, more
broadly, whether biofuels can be competitive with petroleum products.
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A) INTRODUCTION

Uruguay began liberalizing its economy in the 1970s, focusing on the opening of trade
barriers and financial flows. In 1991, Uruguay became a member of Mercosur (the
Southern Cone Common Market). As a result, its economy and energy policies were
and continue to be highly integrated with those of other Mercosur members, particularly Argentina and Brazil. Eight years later, in 1999, Uruguay experienced a major
recession due to low commodity prices and struggling export markets. A devaluation
of Brazil’s currency and economic crisis in Argentina contributed to the country’s dire
situation, putting drastic downward pressure on Uruguay’s exports and tourist revenues. Uruguay was forced to borrow extensively from international financial institutions, particularly the IMF. Finally, in 2003, Uruguay managed to recover and achieve
economic growth, which has continued up to the present with the help of healthy export markets and increased trade with the United States. According to the U.S. State
Department, Uruguay presently enjoys a favorable investment climate, with a strong
legal system and open financial markets.3
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Uruguay currently ranks 73rd out of 120 countries in global competitiveness, according to the World Economic Forum.1 The nation continues to struggle to establish itself
as a contender in the global economy as well as to improve the livelihoods of its people.
In the 2005 United Nations Human Development Report, Uruguay was ranked 46th in
human welfare, which includes measures of poverty, health, and education.2
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B) GOVERNMENT POLICIES
In 2003, the Uruguayan Government approved Law No. 17.567, which states that the
production of biofuels is in the “national interest,” and is therefore eligible for a variety
of fiscal incentives and tax exemptions.4 The government also created an official, interinstitutional National Biofuels Commission to advise authorities on the framework for
state policies related to biofuels production and use. The Commission is composed of
members of the National Direction of Energy and Nuclear Technology (DNETN), the
Ministry of Cattle (MGAP), the National Administration of Oil, Alcohol and Portland
Cement (ANCAP), the University of the Republic (UdelaR), and the National Institute
of Agricultural Research (INIA).5 These ministries and institutions have identified a
number of reasons to expand the biofuels industry in Uruguay, including:
•
•
•
•

Providing jobs and improving livelihoods in Uruguay’s rural areas;
Reducing consumption of petroleum;
Limiting greenhouse gas emissions; and
Diversifying the country’s power matrix.

The Uruguayan government has also established a National Program of Bioethanol
(Pronabio-E), ostensibly to coordinate the production of ethanol in different agricultural regions throughout the country. Pronabio-E is currently working with the municipalities of Montevideo, Canelones, Maldonado, and Treinta y Tres, as well as unions
and institutions from the states of Bella Unión, Paysandú, Salto, and Durazno. The
program focuses especially on the processing of sugarcane for ethanol production, and
Pronabio-E predicts that an expanded sugar-alcohol industry will have great economic, social, and environmental benefits.6
The creation of the Biofuels Commission and Bioethanol Program reflects the Uruguayan government’s interest and investment in the cause of sustainable energy resources
and environmental protection. While additional steps will have to be taken to establish
a clear regulatory framework regarding biofuels production and use, including blend
targets, the government of Uruguay has already made a great deal of progress.
Relations with Brazil
Paraguay has several bilateral agreements with Brazil, including for technical cooperation and to create a Permanent Mixed Commission on Mineral-derived Energy, both
of which illustrate a desire and capacity for cooperation. Information on collaboration
between the countries for biofuels development is limited, but such a partnership is
likely considering the close trade ties (see Energy Balance below).7
C) CURRENT SITUATION
Energy Matrix
The primary source of Uruguay’s energy is oil, followed by hydropower [Chart 1.8a].
Oil consumption reached roughly 5.7 million liters (35,700 barrels) per day in 2005,
almost all of which was imported. The nation’s only refinery, the La Teja facility near
Montevideo, has the capacity to refine 8 million liters (50,000 barrels) of oil a day.8 The
National Administration of Combustibles, Alcohol and Portland Cement (ANCAP),
which is state-owned, controls the oil sector in Uruguay.
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Chart 1.8a: Uruguay’s Energy Matrix (2003)
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Uruguay, along with Paraguay, signed a deal in 2005 to receive preferential terms for
crude oil imports from Venezuela, a newly-accepted member of Mercosur. In December 2005, Uruguay’s ANCAP and the state petroleum company of Venezuela, Petróleos
de Venezuela (PDVSA), agreed to conduct a feasibility study on an $800 million plan to
double the capacity at the La Teja facility, including an upgrade of the refinery to allow
it to better process heavier, Venezuelan crudes.10
The nation’s four hydroelectric plants provide the majority of the nation’s electricity;
the Terra, Baygorria, Palmar, and Salto Grande plants have a combined capacity of
1,538 megawatts. In addition, in May 2006, Uruguay and Argentina agreed to study
the feasibility of a new, 265-megawatt, hydro facility to be constructed near Salto
Grande. These plants can cover the nation’s energy demands under normal conditions,
but shortfalls in water supply, due to seasonal variation, are covered either through
imports, or through oil- and diesel-run generators. During peak demand periods, the
country’s National Administration for Electricity Use and Transmission (UTE) will also
rely on thermal power plants and mobile diesel generators.11

Ethanol Potential
The primary ethanol feedstocks listed above, produced in surplus and exported, could
be redirected toward ethanol production, allowing Uruguay to develop a value-added
industry. Uruguay is a net exporter of both rice and barley, making those crops the
most promising foundation for an expanded ethanol industry.16
Countries that are significant importers of gasoline are also good candidates for ethanol production. An ethanol plant that produces 40 million liters a year (the average
output of ethanol plants in Brazil) could supply a 1.1 million liters a day (7,000 barrels)
gasoline market with a 10% ethanol blend. Uruguay imports only 159,000 liters (1,000
barrels) per day of gasoline, and only 524,600 liters (3,300 barrels) per day of diesel
fuel.17
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Biofuels Production
Uruguay has 17.36 million hectares of land, 210,000 hectares of which are irrigated. 1.37
million hectares, or just under 8%, are arable, and 42,300 hectares, or 0.24% of total land
are dedicated to permanent crops.12 Uruguay depends on agriculture, which accounts
for nearly 10% of the nation’s GDP and more than half of its exports.13 In terms of
starch crops available for ethanol production, Uruguay produces rice, wheat, corn, and
barley.14 The nation is the largest exporter of rice in Latin America and the Caribbean,
exporting over 1.2 million tons per year.15 It also produces some 500,000 tons of wheat,
400,000 tons of barley, and 200,000 tons of corn annually.
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Biodiesel Production
There is a domestic biodiesel market and there are strong incentives to further develop
this market, given the importance of diesel to the country’s electricity supply and the
country’s dependence on oil imports, including diesel. In 2004, Uruguay produced
5,390 tons of oilseed and 377,000 tons of soybeans from 245,350 hectares, both of which
can be used as feedstock for biodiesel production.18 There are three biodiesel plants
in Uruguay, two of which are located in Montevideo. However, they do not utilize the
above mentioned crops as feedstock; one uses fried cooking oil waste, and the other
uses animal fat.
D) PRIVATE SECTOR
Uruguay is in the very early stages of developing a significant biofuels industry. As
such, private investment is especially important. As of June 2006, several German and
Canadian investors were planning to invest $45 million in an ethanol plant in Treinta y
Tres, a rice-growing region of Uruguay. The plant would use the hulls and stalks of the
rice, which are usually disposed of as waste products.19 The project, if completed, will
significantly increase the capacity of ethanol production at Treinta y Tres.
Several other firms are cooperating to launch new biofuels projects and expand existing ones. COPAGRAN (Cooperativas Agrarias Nacionales), EcoDiesel, and Cooperativa Cradeco initiated a program in April 2006 to expand production of biodiesel from
oilseeds.20 The project will cost US$70 million and is slated to begin in 2007. It will
establish 25 micro-plants around the country to produce biodiesel using sunflower,
soybean, and canola oilseeds near the fields where the grains are cultivated.
E) RESEARCH & DEVELOPMENT
Information available regarding research and development efforts in Uruguay is limited. The University of the Republic monitors the production standards for the country’s largest biodiesel plant.21 At least one professor in the University’s Department
of Chemistry, Dr. María Antonia Grompone, is involved in the study of oils and fats,
including for biodiesel production.
There is also a growing number of companies involved in research and development
for the sector. Biodiesel Uruguay currently serves as a portal for information and news
about various R&D efforts as well as new projects and policies.22 The official Biofuels
Commission, established by the government, is also committed to investigating the viability of existing biofuels processes and the development of new technology.23
F)

CONCLUSION

Uruguay is in the early stages of establishing a domestic biofuels industry. The national government has made some progress in promoting the industry, including the establishment of the National Biofuels Commission and National Program of Bioethanol
(Pronabio-E), but much remains to be done. Uruguay’s agricultural capacity, particularly in starch crops, and its need to reduce its dependency on oil imports and create
rural jobs make the nation a good candidate for investment in this emerging sector.
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Source: World Factbook

A) INTRODUCTION
Venezuela is one of the world’s top oil producers and one of the few oil-rich countries
that also has the potential to grow large volumes of crops for the production of biofuels. The country could develop significant production capacity for biofuels thanks to
its size, climate, topography, and cultivated crops.
However, there is no official government policy for biofuels yet in place and the country is likely to remain a net importer of ethanol for several years. The lack of a clear
legal framework has been a stumbling block to the development of the industry. In
addition, the deficit in sugar supply raises concerns about that industry’s potential to
support the production of ethanol.

Venezuela has no policies established for the biofuels industry, but the government
has indicated an interest in expanding sugarcane cultivation for ethanol production
for use as both an MTBE-replacement additive at a 10% blend and as a tool of rural
development.
In March 2006, Hugo Chavez announced Plan 474 to plant sugarcane and build the
distilleries necessary for the production of ethanol. According to the statement, the
government intends to allocate $900 million over five years to the production of ethanol.1 The funding will contribute to the development of 17 ethanol production plants
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and could provide 600,000 new jobs by 2009.2
Relations with Brazil
In February 2005, the Venezuelan Ministry of Energy and Oil, the Brazilian Ministry of
Mines and Energy, and the presidents of PDVSA (Petroleos de Venezuela), Venezuela’s
state owned company, and Petrobras signed an agreement. All sides pledged to share
knowledge on the production of ethanol based on sugarcane and to integrate their
industrial and technological sectors. They also agreed to work together to revise and
amend Venezuela’s regulatory framework to include ethanol in the energy matrix.3
C) CURRENT SITUATION
Energy Matrix
In 2004, oil and natural gas made up 48.6% and 39.8% of Venezuela’s energy consumption, respectively.4 The country is a founding member of the Organization of Petroleum
Exporting Countries (OPEC) and the world’s eighth largest net exporter of oil.
Chart 1.9a: Venezuela’s Energy Matrix (2004)

Source: International Energy Agency

Venezuela possesses the second largest proven reserves in the Western Hemisphere,
with 79.7 billion barrels of proven conventional oil reserves, not including substantial
extra-heavy and bitumen deposits that could total as much as 270 billion barrels. Venezuela contends that it produces 3.3 million barrels per day of crude oil; however, some
industry analysts believe that number is closer to 2.8 - 2.9 million.5 Also a major gas
producer in the Americas, Venezuela’s proven natural gas reserves are an estimated
4.276 trillion cubic meters, the second largest in the Western Hemisphere behind the
US. In 2004, the country produced 27.2 billion cubic meters of natural gas, consuming the same quantity that year. Crude oil production restricts that of natural gas, as
roughly 90% of gas resources are associated.6
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In January 2007, Venezuela began the process of exerting national sovereignty over its
natural energy reserves, taking control of 32 oil fields. PDVSA’s current production is
difficult to approximate, with average output estimated to be 1.6 million barrels/ day;
the company projects that it will achieve a production capacity of 5.847 million barrels
per day 2012.7
Biofuels Production
Venezuela’s abundant gas and oil is a major factor discouraging the development of a
biofuels industry. Although Venezuela cultivates significant quantities of sugarcane
(8.81 million tons annually8) and palm kernel (315,000 tons annually9), there is currently no ethanol or biodiesel production in Venezuela.
Venezuela currently imports 159,000 liters (1000 barrels) per day of ethanol from Brazil;
and Petrobras announced that further investments on ethanol pipelines to Venezuela
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will be made by 2010.10 The two countries are negotiating a contract that would send
380 million liters of ethanol a year to Venezuela.
Ethanol Capacity Expansion
Venezuela’s sugar deficit is a major impediment. In 2005-2006, the demand for sugar
in Venezuela was 960,000 tons, but production only reached 630,000 tons, forcing Venezuela to import. The nation’s sugarcane industry does not currently have excess for
use in the production of ethanol.11 In addition, there is no infrastructure (production
or supply chain) in place yet.
According to analysts, this gap could be closed by increasing the amount of cultivated
land from 125,000 to 180,000 hectares of sugarcane, and the government has indicated
interest in this approach.12 PDVSA recently announced that it would seed 276,000 hectares of sugarcane in order to produce 4 million liters (25,000 barrels) of ethanol per
day.13 The western regions of Trujillo and Yaracuy are likely to receive major investments from PDVSA.14 The state oil company also has plans to create a joint venture for
the domestic production of sugarcane-based ethanol that would include the construction of at least 17 ethanol plants.15
In 2006, the oil industry indicated that between 2007 and 2009 additional sugar crops
would be planted and harvested in the states of Zulia, Barinas, Trujillo, and Portuguesa
(2007); Cojedes, Anzoatequi, Guarico and Monagas (2008); and in other states in 2009.
Further, Alejandro Granado, the Refining Vice President of PDVSA, announced a pilot
plant at Pio Tamayo Central where a distillery would be installed to process 25,000
liters of ethanol per day, and another in Yaracuy to process 500,000 liters of ethanol per
day.16 In December 2006, representatives from PDVSA and the government of Yaracuy
met to discuss moving forward with the development of the plants.17
In addition, Venezuelan oil company Suelopetrol plans to launch a subsidiary, Ethapetrol, that will produce ethanol for premium gasoline manufacturing. Suelopetrol, a
joint venture with PDVSA, is in negotiations with PDVSA for the entire supply of the
100,000 – 120,000 liter per day production.18
Biodiesel
While Venezuela does not currently produce biodiesel on a commercial scale, the Government has solicited assistance from Malaysia’s Golden Hope Plantations Bhd to help
manage their palm oil industry. Golden Hope seeks to expand Venezuela’s palm oil
production from its current 45,000 acres to 165,000 hectares.19
D) PRIVATE SECTOR
Venezuela’s energy sector is highly politicized, and there is no significant private sector involvement in biofuels. Petrobras and PDVSA remain the only players with any
significant investments in the sector.
E) RESEARCH & DEVELOPMENT

As part of its agreement to assist in the management of Venezuela’s palm industry, the
Golden Hope Academy will train 20 Venezuelan palm oil planters and the Malaysian
Palm Oil Council will conduct joint research and development activities with Venezuelan scientists.21
F) CONCLUSION
Despite a cooperation agreement between the respective ministries and state oil companies of Brazil and Venezuela, there is little indication of any near term progress in
developing a significant biofuels sector in Venezuela. Government policies setting a
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There is very little R&D activity related to biofuels. The agreement signed with Brazil
includes a commitment to joint ethanol research through universities, research centers,
and companies, but it does not appear that any initiative is underway.20
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framework for the industry are lacking, and no R&D initiatives are underway. Venezuela is a significant net importer of sugar, so there is no surplus feedstock. Private investors show no signs of interest in the sector. Although PDVSA has plans to construct
17 ethanol plants in the country, it is not at all clear how the necessary cane feedstock
will be produced. With its enormous petroleum reserves, and current high oil prices,
Venezuela lacks incentives for a serious drive for energy diversification.
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Source: World Factbook

A) INTRODUCTION
The interests of Central American and Caribbean countries in biofuels are multi-faceted and include:
• Energy Security – many countries expend a great deal on imports of petroleum
fuel;
• Environmental Preservation – cutting carbon emissions to improve air quality and
overall quality of life; and
• Socio-Economic Improvement – biofuels production has the potential to enhance
and advance the agroindustrial sector of a given economy, providing jobs and
boosting income in rural communities as well as adding value to the production
chain of agricultural goods.1

Other countries in Central America are also seen as having potential, such as Honduras, Nicaragua, and Panamá, due to their climate, dependence on foreign sources of
oil, and existing sugarcane industries. These countries, however, have slightly less advanced physical and political infrastructure for biofuels development, which includes
processing plants for production and the regulatory frameworks to promote biofuels
use on a large scale. Of this group, Nicaragua has shown particular promise and continues to move forward in the development of its biofuels sector.
In the Caribbean, Jamaica is developing into a player in the ethanol market, and a number of other islands including Grenada and the Dominican Republic have been identified as having potential. The United Nations has targeted the production of biodiesel
as a potential development tool in Haiti, and is working with Brazil to transfer technology and know-how as part of a comprehensive development project through the UN
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Costa Rica, El Salvador, and Guatemala are considered the best equipped for expansion
in biofuels production, based on their current production capabilities, the organization
of their agroindustrial sectors, and the aptitude of their governments in recognizing
the importance of the biofuels sector and in legislating accordingly. Some estimates
show that these countries have industry indicators comparable to those found in Brazil.2 While Guatemala shows a great deal of promise, there are special interests within
the country which could impede further development of its biofuels industry.
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Food and Agriculture Organization (FAO).3
B)

GOVERNMENT POLICIES

In the 1980s, Costa Rica, Guatemala, and El Salvador all tried, unsuccessfully, to introduce ethanol blends into their consumer markets.4 More recently, regional alliances
have made the prospect of introducing biofuels into the energy matrix more realistic.
In a show of regional cohesion on the issue, the Subgroup on Methods and Normalization and the Subgroup on Hydrocarbons in the Central America Region created technical regulation RTCA 75.02.43:06 on biodiesel and blend mixtures (with combustible
diesel oil) for Central America. In November 2006, this regulation was ratified by the
Ministerial Council of Economic Integration (COMIECO) for the region.5
Caribbean Basin Initiative
The goal of the Caribbean Basin Initiative (CBI), initially launched in 1983 through the
Caribbean Basin Economic Recovery Act (CBERA), is to facilitate economic development and export diversification within Central America and the Caribbean. This initiative was expanded in 2000 through the US-Caribbean Basin Trade Partnership Action,
and currently offers 24 countries duty-free access to the US market for most goods,
including ethanol.6 CBI countries have had access to US ethanol markets since 1989.7
Members of the CBI in the Caribbean are: Antigua, Aruba, the Bahamas, Barbados,
British Virgin Islands, Dominica, Dominican Republic, Grenada, Haiti, Jamaica, Montserrat, Netherlands Antilles, St. Kitts and Nevis, St. Lucia, St. Vincent and the Grenadines, and Trinidad & Tobago. Central American members are: Belize, Costa Rica, El
Salvador, Guatemala, Guyana, Honduras, Nicaragua, and Panama.
Under the CBI, member countries are allowed to export ethanol to the US, duty free, in
the following stages:
1) Up to 7% of total US ethanol production;
2) An additional 132.48 million liters (35 million gallons) beyond that if 30% of the
ethanol is derived from local feedstocks; and
3) Additional liters on top of that if they are derived from 50% local feedstock.8
For fiscal year 2005, the US International Trade Commission determined that the 7%
CBI cap on duty-free ethanol exports to the United States would have amounted to
more than 910 million liters (240.4 million gallons), which would equal or even exceed
the amount produced by some of the largest producing US states. CBI countries, however, were unable to reach that level.9
Once CAFTA comes into effect, it will supersede the CBI and make permanent the allowances for ethanol exports to the US.
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Central America-Dominican Republic-US Free Trade Agreement
The Central America-Dominican Republic-United States Free Trade Agreement
(CAFTA) is designed to eliminate tariffs and non-tariff barriers to trade, expanding
opportunities for laborers, producers, consumers, and service providers of the signatory countries. Specifically, CAFTA features a reciprocal-access agreement to eliminate
tariffs on more than 80% of US exports to the Central American and the Caribbean signatories, with a phase-out of remaining tariffs over 10 years. According to the US government, these provisions balance the fact that 80% of imports from CAFTA countries
already enter the US duty-free through the CBI and under the WTO’s Most Favored
Nation provisions.10
The signatories are Costa Rica, Dominican Republic, El Salvador, Guatemala, Honduras, Nicaragua, and the US. CAFTA was approved by the US Congress in July 2005 and
signed into law by the President the next month. Since then, CAFTA has been ratified
by the legislatures of all signatories save Costa Rica, where approval is pending.11
Under CAFTA, signatories may continue to share the 7% quota established by the CBI,
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but with specific shares established for two countries:
• Costa Rica - 117.3 million liters (31 million gallons) annually; and
• El Salvador - 19.7 million liters (5.2 million gallons) the first year and annual increases of 4.92 million liters (1.3 million gallons) per year not exceeding 10% of the
quota.
There are also strict rules of origin in place to prevent transshipment from other nations through CAFTA signatory countries.
Some view CAFTA as a “gateway accord” to a grander Free Trade Area of the Americas
(FTAA), under which signatory countries in North America, South America, Central
America, and the Caribbean would receive freer access to one another’s markets. Agricultural subsidies, including those for sugar, have been one of the sticking points in
FTAA negotiations. For Brazil to sign such an agreement, some concession on sugar
products, including ethanol, would likely be necessary. Some fear that this would allow Brazil to flood the US market with ethanol. In 2005, Brazil exported 114.31 million
liters (30.2 million gallons) to the US.12
Caribbean Community and Common Market13
The Caribbean Community and Common Market (CARICOM) is another regional
trade block, consisting of the Caribbean nations of Antigua and Barbuda, the Bahamas,
Barbados, Belize, Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, Saint Lucia,
St. Kitts and Nevis, St. Vincent and the Grenadines, Suriname, and Trinidad & Tobago.
Associate members are: Anguilla, Bermuda, the British Virgin Islands, the Cayman
Islands and the Turks & Caicos Islands.
CARICOM’s Single Market and Economy (CSME) provides for a common external tariff; the free movement of goods, capital, and labor; and a common trade policy. CSME
also calls for the harmonization of trade related laws, such as intellectual property, as
well as economic, fiscal, and monetary policy coordination.
CARICOM, in conjunction with the Caribbean Development Bank (CDB) and the InterAmerican Development Bank (IDB), has also taken steps to promote biofuels development in the Caribbean, including a technical cooperation program to expand biofuels
prospects through carbon finance in Barbados, Guyana, and Jamaica,14 and a workshop
in Guyana scheduled for December 2006.

The official guidelines of the plan were presented in Mexico City in March 2006. The
members of PPP are Belize, Costa Rica, El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, and Panama.
Of the PPP’s eight initiatives, the following have some bearing on the biofuels industry:
• Roadway and Transport Integration, for which Costa Rica is responsible – the goal
of this initiative is to minimize the cost of overland transportation by connecting
and improving highways along the Pacific and Atlantic coasts. The improvement of
port facilities along the highways is also part of this initiative.
• Electric-Energy Interconnection, for which Guatemala is responsible – this initiative
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Plan Puebla Panamá15
Plan Puebla Panamá (PPP) is a regional development and integration plan aimed at
connecting the Central American nations from the south-southeastern region of Mexico to Panamá. The plan has eight initiatives aimed at turning the region’s comparative
advantages into competitive opportunities and focusing on traditionally marginalized
stakeholders such as indigenous peoples, rural dwellers, and Afro-Caribbean communities. Of particular relevance to biofuels initiatives are the aspects of the plan which
encourage the social inclusion of underrepresented groups, particularly in the areas of
environmental management and sustainable natural resource use, and the creation of
incentives to promote productive investment in the region.
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aims to create a unified regional market in order to attract investment and reduce
the cost of electricity through economies of scale. Projects within this initiative
include the conservation of non-renewable energy sources and the promotion of
renewable energy use.
• Trade Facilitation, for which Honduras is responsible – this initiative aims to eliminate non-tariff and other trade barriers, although most will now dissolve under
CAFTA. It will also promote cooperation among small and medium enterprises to
boost exports.
• Sustainable Development, for which Nicaragua is responsible – this initiative will
help encourage a culture of sustainable development, conservation, and preservation of natural resources with the ultimate goal of optimizing ecological as well
as economic value. Projects under this initiative will include a Natural Resources
Sustainable Development Program and the promotion of agroindustrial activities.
PPP provides an efficient coordinating mechanism through which multinational projects may be realized. It provides a dynamic institutional framework, which can adapt
to the changing policy landscape while keeping the original goals of the plan in view.
Finally, it provides a forum for consensus building on important strategic issues.16 The
promotion of biofuels development falls in line with the goal and initiatives of the plan,
as outlined above, and the plan should be an asset to biofuels projects promoted under
its umbrella.
Mesoamerican Biofuels Group
The recently created Mesoamerican Biofuels Group, comprised of Mexico, Guatemala, Beliz, El Salvador, Honduras, Nicaragua, Costa Rica, Panama, the Dominican Republic and Colombia, has developed action plans to introduce biofuels in the region.
The group had its first meeting in August 2006 in San Jose, Costa Rica and its second
in Washington, DC in November. It receives support from, among others, the InterAmerican Development Bank, in the areas of technical cooperation and funding for
biofuels feasibility studies.
Energy and Environment Partnership with Central America
The Energy and Environment Partnership with Central America (EEP), was created
in 2002 at the United Nations World Summit on Sustainable Development in Johannesburg, South Africa.17 The program seeks to develop accessible energy services for
marginalized groups in rural areas to promote the sustainable use of renewable energy
sources and clean technologies. One of the renewable energy sources being considered
by the project is biomass for fuel in homes and industry. There are projects underway
covering various stages of biofuels production development, from biomass fuel feasibility studies in Belize, Costa Rica, Nicaragua, Panamá and Honduras, to jatropha
plantation in Honduras, to biodiesel production in Guatemala and El Salvador. There
are also regional feasibility studies for bioenergy and biodiesel plants as well as projects focusing on the dissemination of information on biomass and biofuels and public
policy formulation.18
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Petrocaribe Venezolano, S.A.
Petrocaribe is a regional initiative sponsored by the state petroleum company of Venezuela, Petróleos de Venezuela (PDVSA). The program provides discounts to Petrocaribe signatories through the elimination of third-party intermediaries and the provision
of financing options, including trade in goods and services. The initiative also entails
the building or revitalization of related infrastructure, especially refining capacity, and
assistance from the Venezuelan government in financing activities. Such activities include the refurbishment of refineries in Kingston, Jamaica and Cienfuegos, Cuba, and
potentially the development of storage facilities on various strategic islands for rapid
mobilization of petroleum stockpiles.19 The only two Caribbean nations which have
not signed on to the project are Trinidad & Tobago and Barbados. Following the election of Réne Préval, Haiti was brought into the negotiation process for Petrocaribe.
For countries such as those in the Caribbean which have minimal domestic petroleum
resources, these integration projects offer more affordable petroleum products on an
established timetable, vastly preferable to purchasing products on the spot market at
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higher prices. In this way, Petrocaribe could potentially reduce the energy bills of participant countries and weaken energy security as driver for biofuels production. According to the Venezuelan Embassy in Washington, however, countries in the Caribbean region should continue to consider biofuels production a social and economic benefit. Regular discussions are planned on the economic and social development projects
that Petrocaribe should pursue, and biofuels will likely surface in this context.20
Relationship with Brazil
There has been mutual interest and cooperation on the part of the governments of
Brazil and several Central American and Caribbean countries. Since 2005, Brazil has
made an effort to establish a series of protocols for cooperation on biofuels production
with several countries. One of the more prominent, the Protocol of Intention for Technical Cooperation in the Area of Production Techniques and the Use of Ethanol, was extended
to a number of countries in September 2005, including Costa Rica, Belize, Haiti (which
signed in May 2006), El Salvador, and Panama (which signed in September 2006). According to the cooperation agreements, the partnerships would aim to enhance the
parties’ efforts to meet the Kyoto protocol requirements.21
In May 2006, Luis Fernando, the Brazilian Minister of Development, Industry, and
Trade, and Silas Rondeau, Brazil’s Minister of Mines and Energy, led a business mission trip to Central America, visiting Costa Rica, El Salvador, Guatemala, Honduras,
and Panama.22 In a reciprocal visit, equivalent officials from those countries traveled
to Brazil for a five-day summit in August 2005 to discuss the many facets of ethanol
production.23 Brazil has also taken an interest in working with Caribbean nations and
signed a biofuels and bioenergy cooperation pact with France to promote biofuels development in the Caribbean and Africa.24
C) CURRENT SITUATION
Production
Ethanol production occurs in the region on a significant scale, but biodiesel production
is less common. The cultivation and harvest period for sugarcane in Central America
is typically 120 days, significantly less than Brazil’s 200-day season.25 There is a concentration of production units in Guatemala, representing 44% of the region’s total
processing capacity. The top 13 processing plants in Central America represent half the
region’s capacity, but smaller processing plants tend to be more common; the bottom 20
represent only 10% of capacity.

Source:
Source:Nogueira
Noguiera2625

It is estimated that the further development of the biofuels industry in Central America
could generate 14,000 jobs through the production of E10 fuel.27 Among Caribbean

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

Table 2a: Largest Ethanol Factories in Central America

121

2. CENTRAL AMERICA & THE CARIBBEAN
countries analyzed in this report, refineries in the Dominican Republic and Jamaica
have the largest capacities, some of which rival the larger refineries in Central America.
Table 2b: Largest Ethanol Factories in the Caribbean

Players
Governments and international organizations are playing an important role in project
development and investment in the biofuels sector in the region. CARICOM is active
in a number of projects in the Caribbean. The private sector and industry unions and
producer associations are also involved, though greater investment is always needed.
Brazil is developing ties in Central America and the Caribbean to promote biofuels
production, and the country is poised to act as a technical expert as well as production
partner on projects across the region. Brazil is likely to involve itself in production for
domestic consumption as well as for export.
Internal Consumption
Within the region, the consumption of biofuels is not widespread, but internal demand
may develop quickly through consumer education campaigns and legislation mandating biofuel blends. The graph below [Table 2c] shows that in 2002, the region required
153 million liters for E5; 306 million for E10; and 764 million for E25. It also shows that
demand could surge to 229 million, 459 million, and nearly 1.5 billion liters for those
same blends respectively in 2010.
Table 2c: Potential of the Ethanol Fuel Market in Central America

24
Source:
Asociación
de Combustibles
Renovables
de Centroamérica,
documento
Programas
de Combustibles28
Source: Asociación
de Combustibles
Renovables
de Centroamérica,
documento Programas
de Combustibles
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This type of projection for the Caribbean is not yet available, but consumption will
likely rise as programs are put into place to promote domestic biofuels use and supplies are made widely available for public consumption. The same is true for biodiesel
use in both Central America and the Caribbean.
Exportation
While Central American and Caribbean countries may not be consuming large amounts
of biofuels, they are exporting it, especially to the United States. Before 2005, Costa
Rica, El Salvador, and Jamaica were the only countries in this group to have exported
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ethanol to the United States, and those exports were less than 50% of the permitted
amount.29 Trinidad & Tobago began exporting ethanol to the United States in 2005,
bringing total US imports from that group to 391.37 million liters (103.4 million gallons) [Table 2d].
Table 2d: Ethanol Fuel Exports to the United States (millions of liters)30

31
Source:
Source: Renewable
Renewable Fuels
Fuels Association
Association 30

D) PRIVATE SECTOR
CAFTA quota allowances for ethanol exports to the US should help promote ethanol
market stability in the region and incentivize increased investment in the sector. Countries and companies interested in supplying the US market have a strong interest in
investing in the other CAFTA countries to take advantage of this opportunity. Brazil
possesses the experience and know-how to successfully produce ethanol, as well as
biodiesel, and has begun to export this expertise to countries in the region through
partnerships in production ventures. For example, Brazilian ethanol producer Coimex
teamed with Jamaican petroleum company Petrojam to acquire the nation’s two largest
sugar factories, which together account for 65% of Jamaica’s production, investing $100
million.32 China, a new biofuels exporter, sends some of its product to the Caribbean
for processing to take advantage of the region’s relationship with the United States, its
ultimate export destination.33
There are several funds aimed at sustainable development and renewable fuels programs, particularly bioenergy and biofuels development in Central America:34

• A delegation from the Overseas Private Investment Corporation (OPIC) visited
Central America in October 2006 and announced that it would offer a new round
of financing to El Salvador, Guatemala, Honduras, and Nicaragua totaling at least
$212 million. This figure includes $149 million from three new OPIC-supported investment funds, one of which focuses on renewable energy use in the power sector,
and $7.5 million for a microfinance project in the four countries, as well as Peru and
Mexico.35
• From April 2000 to April 2005, the US Agency for International Development
(USAID) gave $5.31 million to E+Co, a clean energy investment firm, to focus on renewable energy ventures in the region through its Financing of Energy Companies
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• The Inter-American development bank has supported a number of initiatives in
Central America and the Caribbean, including:
o The Central American Renewable Energy and Cleaner Production (CAREC)
facility, to which the IDB gave $5.5 million to support SMEs in the areas of
proven renewable energy, cleaner production and energy efficiency in the
region;
o Supporting PPP countries in expanding the pipeline of energy-related Carbon
Credit projects in the Mesoamerican region by proving $546,847 in funding;
and
o The IDB-GTZ Program fund, which is to provide $63,000, as well as technical
cooperation, to the Hydrocarbons Cooperation Committee of Central America
(CCHAC) to evaluate ethanol production from sugarcane in Central American
countries. The Mesoamerican Biofuels Group is also a collaborator in this
effort.
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in Central America (FENERCA) program for the increased use of renewable energy
resources.
o Along with operating support of $1.1 million from UNDP (Development Program) and UN Foundation programs, USAID-funded activities that resulted
in the direct investment of $37.5 million in private capital from local financial
institutions in the sector, with another $17 million under consideration.
o Partners in the program were the Biomass Users Network-Central America
(BUN-CA), a non-profit based in Costa Rica, and the Environmental Enterprises Assistance Fund (EEAF), which also operates out of Costa Rica. Several
other financial institutions have shown interest in the creation of a Central
America Fund for Renewable Energy Projects. As of 2003, tentative fund totals
were $22-25 million.36
USAID has also provided technical assistance and funding in the amount of
$140,000 to help identify and prepare alternative energies, including biofuels, in
PPP countries beginning in August 2004.37
• The World Bank (the Bank), through its Carbon Finance Unit (CFU), also uses money contributed by OECD countries to finance projects promoting greenhouse gas
reductions through various funds and facilities. The Bank does not lend money, but
rather contracts for the purchase of emissions reductions within the framework of
the Kyoto Protocol’s Clean Development Mechanism (CDM) or Joint Implementation (JI).
o The Community Development Carbon Fund (CDCF), capitalized at $128.6
million, provides financing to poorer regions of the developing world and
supports programs combining community development with emissions reductions.
o The Bank’s Umbrella Carbon Facility (UCF) is an aggregate pool of resources
taken from the various Bank carbon funds for the purchase of Certified Emission Reductions, and has a total capitalization of $719 million. There are currently biomass-related projects under development, such as a sugar factory
modernization project in Guyana and biomass cogeneration projects in Brazil;
there are also non-renewable fuel projects in the works for Central America.38
• The German renewable energy and energy efficiency program finances energy
efficiency, non-conventional renewable energy applications (e.g. biomass) and
clean and efficient urban transportation; the program has three proposals totaling
$262,000, two of which are focused on Central America: a diagnostic of agricultural
issues related the production of ethanol from sugarcane and the design of programs
for efficient use of power in public services. The fund will also finance a Technical
Committee being prepared by EN3 to assess production opportunities for sugarcane-derived biofuels in Barbados, Guyana, Jamaica and Trinidad & Tobago.39
While not all these funds and initiatives directly target biofuels development, they encompass them and offer the opportunity of financing for such projects.
E) RESEARCH & DEVELOPMENT
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Research and development focused specifically on biofuels is still needed throughout
the region. There are a number of universities with departments that conduct biofuels research, but information on R&D projects is limited. Moving forward, technical
cooperation and collaboration with Brazil, including within the R&D sector, will be
important, as will collaboration among neighboring countries or countries with similar
interests, resources, and industry conditions.
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2.1 COSTA RICA

Source: World Factbook

A) INTRODUCTION
Costa Rica is one of the more politically and economically stable countries in the region, which is reflected in the regulatory framework for and organization of its sugar
and ethanol industries. The country relies heavily on imported petroleum, which has
created a strain on its budget in light of recent high prices. The country will also need
to increase its productive capacity to continue to supply ethanol to the US as well as to
meet its domestic demand.

Costa Rica’s regulatory framework for biofuels production is one of the more advanced
in the region. Renewable energy is not a new subject in Costa Rica. Following the ethanol production projects of the late 1970s, the country began to explore the possibility
of sustainable and efficient energy use, including the production and consumption of
biofuels, through legislative efforts. In 1994, Law No. 7447 for the Regulation of the Rational Use of Energy was established to consolidate the participation of the government
in promoting efficient, environmentally-conscious uses of energy.1
In February 2003, Presidential Decree 31818-MAG-MINAE created a technical commission to design strategies for the development of biodiesel and committed the administration to promoting the program if the results of the commission’s studies were
positive.2 In April 2003, Guideline No. 22 was created to promote the exploration of
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renewable sources of energy, including the elaboration of development plans and the
incorporation of a mechanism which would allow for the integration of such sources
into the National Interconnected System.3
In February 2004, Presidential Decree 31807-MAG-MINAE established a Technical
Work Commission to design strategies for the production of ethanol as a substitute
for MTBE and to create a regulatory framework for the program. Its main goals were
the development of Costa Rica’s agro-industrial sector and the improvement of environmental standards through the substitution of biofuels. It also put forward blend
targets for both biodiesel and ethanol by January 2005.4 This measure is contested
and has not been fully implemented; however, a commission continues to work on the
details of the decree, and a pilot project is underway.5
In April 2005, Costa Rica’s government passed Expedient 15.853, a biofuels promotion
law to support the research, development, generation, and use of biofuels and petrochemical derivatives. The law was a major attempt at establishing a legal framework
for the development of a biofuels market in Costa Rica. It outlined general policies
to augment scientific research and development, technology transfer, investment in
human capital, commercialization of biofuels and private-sector participation in the
industry. The objectives of this effort are to define norms, qualify projects, determine
quotas, set blend percentages, and regulate the bodies involved in the process to ensure the success of the sector at a national level. The Regulatory Authority for Public
Services will set the commercial price of biofuels according to the law establishing
its creation in 1996, Law 7593.6 Under the Ministry of Environment and Energy, the
law created the National Biofuels Office (ONABI) to define those products which can
be called biofuels (ethanol, biodiesel, biomethanol, biodimetileter, synthetic biofuels,
biohydrogen and pure vegetable oils) as well as to formulate and guide public policy
on biofuels promotion. It also created the National Biofuels Council to act as a coordinating link between the Executive, the decentralized state institutions involved in the
sector, and civil society, as well as to devise recommendations for national strategies
and policies.
CAFTA and Regional Trade Initiatives
As outlined in the overview for this region, under CAFTA, Central American countries
will continue to enjoy tariff-free access to the US market almost identical to that allowed under the expanded Caribbean Basin Initiative. A specific export share has been
established for Costa Rica under CAFTA: 117.3 million liters (31 million gallons) of
ethanol annually. This should continue to push the development of biofuels capabilities and production in the country.
Relations with Brazil
Brazil’s Protocol of Intention for Technical Cooperation in the Area of Production Techniques
and the Use of Ethanol was extended to Costa Rica in September 2005, along with a
number of other countries.7 The day after his inauguration in May 2006, Costa Rican
president Oscar Arias met with Brazilian Vice-President José Alencar, who promised
to support the improvement of Costa Rica’s ethanol industry as a means to ameliorate
the impact of higher oil prices.8 Brazil’s majority state-owned petroleum company,
Petrobras, is also participating in Costa Rica’s biofuels sector (see Private Sector for more
detail).
C) CURRENT SITUATION
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Energy Matrix
Costa Rica’s total energy consumption in 2003 was 3.42 billion liters (21.5 million barrels) of oil equivalent, with 50.65% of that going to transportation.9 Petroleum is also
the country’s major source of energy, making up nearly 67% [Chart 2.1a]. By 2015, with
a total energy consumption of 5.56 billion liters (35 million barrels of oil equivalent),
Costa Rica expects to have 15% of its energy come from biomass and 63% from petroleum derivatives, with 53% of that going to the transport sector.10 Biofuels production
and consumption is already being targeted for development to achieve this end; Costa
Rica has set a target of replacing 7% of its gasoline with ethanol by the end of 2008.11
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Chart 2.1a: Costa Rica’s Energy Matrix (2003)
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Source: Ministry of Environment and Energy12
History
Costa Rica’s first biofuels project began in 1974 with the creation of its Program of Renewable Energies; the goal of the program was to reduce the country’s dependence on
foreign energy sources. A distillery was installed at the end of 1978, and within four
years, the sugar refinery in charge of production, CATSA, produced 24.6 million liters
of ethanol.13 Legislation has since followed to promote greater production and consumption of biofuels in Costa Rica (outlined in the Government Policy section).
Current Production
Costa Rica has a land area of 5.06 million hectares, 108,000 of which are irrigated.
222,640 hectares (4.4%) are arable, and 297,022 hectares (5.87%) are used for permanent
crops.14 The country currently produces a considerable amount of sugar cane and sorghum, both of which can be used to produce ethanol [Table 2.1a]. Sugarcane cultivation takes up more than 40,000 hectares, and the regions of Guanacaste and Puntarenas
along the country’s Pacific coast are the most important.15
Table 2.1a Yield per hectare of Sugar cane and Sugar crops (tons/ha)
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Map 2.1a: Location of Guanacaste and Puntarenas in Costa Rica
Guanacaste				

Puntarenas

Source: Wikipedia
Ethanol Production
Costa Rica is a producer and exporter of ethanol but has not incorporated ethanol into
its domestic energy matrix. This is likely to change in the short term as the country enacts further legislation to mandate biofuels blends and provides incentives for biofuels
use. Costa Rica’s ethanol production has been estimated at 40 - 42 million liters per year
between 2003 and 2006.17 As outlined below, ethanol demand is projected to increase,
both domestically and on a global scale, and there will likely be a need for an increase
in the country’s production capabilities.
Costa Rica’s production has mostly focused on the dehydration of imported hydrous
ethanol, often from the EU; for the 2001-2002 harvest period, Costa Rica imported just
under 1.28 million liters of hydrous ethanol form Europe and exported an almost identical volume to the United States in anhydrous form. This volume was four times lower
than that imported by Costa Rica during the 1999-2000 season, and imports since have
been drastically reduced due to EU regulations.18
There are currently three major facilities in place for ethanol production: Central Azucarera del Tempisque, S.A. (CATSA), which is a sugar refinery and subsidiary of CODESA, an economic development body of the state, produces 200,000 liters of ethanol per
day. Ingenio Taboga produces 150,000 liters of ethanol per day from sugar. Combined,
Costa Rica has a production capacity of 350,000 liters of ethanol per day or 42 million
liters during a 120-day season. The Liga Agrícola Industrial de la Caña (LAICA) has
dehydration processing capacity of 110 million liters per season.19 The blending of
ethanol with gasoline is executed primarily through RECOPE, or the Petroleum Refining Company of Costa Rica.
Structure of the Sugar Industry
Costa Rica’s sugar industry is made up of nine major processing facilities.
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Table 2.1b: Crushing Capacity of Costa Rican Sugarcane Facilities

Facility
Tobota
Catsa
El Viejo
El Palmar
El General
Quebrada Azul
Victoria
Atirro
Juan Viñas
Curtis
Costa Rica
Argentina
Providencia
Santa Fe
Porvenir
San Ramón
Total

Capacity
(ton/ day)
6,500
6,000
6,000
4,500
4,000
3,000
2,700
2,200
1,700
1,400
1,200
1,000
800
720
700
680
43,100

Source: UN/CEPAL20
In May 2005, the country’s sugar production was estimated at 412,000 tons per annum.21
Table 2.1c: Indicators for the Sugarcane Industry in Costa Rica

Biodiesel Production
The country’s installed capacity for biodiesel production has the potential to achieve
a 1% blend, given the total consumption of diesel in the transportation sector.23 Palm
oil is the crop best suited for the production of biodiesel; however, it is currently used
almost exclusively for cooking oil. In 2005, the nation had 50,000 hectares of palm-oil
yielding crop.24 Table 2.1d illustrates Costa Rica’s Palm kernel yield per hectare.
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Table 2.1d: Yield per hectare (tons/ ha) of palm kernel equivalents

Source: FAO STAT25
The Technical Work Commission created by Decree No. 31087-MAG-MINAE is currently conducting studies to evaluate the economics of blending biodiesel with regular
petroleum diesel. The construction of a test plant capable of producing 20,000 tons of
biodiesel annually was planned for 2005. The project’s anticipated cost was $8 million,
and cultivation of 2,500 to 4,000 hectares, yielding 5 to 8 tons of oil per hectare, was also
incorporated into the project.26
Competitiveness
The Tropical Agriculture Center of Research and Science, in cooperation with the University of Finland, carried out a research project to analyze the potential for developing
biofuels in Costa Rica. The study concluded that there is interest in the industry, but
that information is limited and key players are still dispersed. Costa Rica has not been
able to consolidate a technological approach in bioenergy, and the characteristics of the
market and the regulatory framework in place are significant barriers to the industry’s
growth. Despite this, the report concluded that Costa Rica has significant potential for
further development of the industry.27 Costa Rica is a competitive ethanol exporter,
selling at international prices without government support.
Domestic consumption
Consumption of fuel in Costa Rica is increasing [Table 2.1e], due mainly to the expansion of the automobile sector. Costa Rica consumes between 90 and 94 million liters of
ethanol, and that number is projected to increase to 104.6 million liters by 2010. Currently, total gasoline demand is projected to rise at a steeper rate than ethanol demand
[Chart 2.1b]. In February 2006, as part of a joint pilot project between RECOPE and
Petrobras, 64 gas stations in Guanacaste and the Central Pacific region began offering
E5 and E10 blended fuel. The logistical feasibility of a nation-wide offering of ethanol
blends, from blending by RECOPE to commercial sale to individual customers, will be
evaluated through this trial program. The project, which also aims to boost consumer
confidence in ethanol through exposure to the fuel, will be completed in June 2007,
with tabulation and analysis of results to follow.28
Table 2.1e: Estimated Gasoline & Ethanol Consumption in Costa Rica
(Million liters)
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2005
2006
2007
2008
2009
2010

Regular
498.8
518.5
538.6
559.8
581.8
604.5

Super
403.6
417.7
423.3
432.1
435.9
441.5

Total
902.4
935.8
961.9
991.8
1,017.6
1,046.0

Ethanol
90.2
93.6
96.2
99.2
101.8
104.6

Source: FAO STAT23
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Chart 2.1b: Projected Demand for Gasoline & Ethanol
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Demand for biodiesel is also projected to increase based on the anticipated proliferation of biodiesel blending with petroleum diesel at the 5% and 20% levels. By 2017, it is
forecasted that Costa Rica will require over 930 million liters to meet demand created
by a 20% diesel blend.
Chart 2.1c: Projected Demand for Biodiesel
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Exportation
Costa Rica exported over 121 million liters of ethanol in 2005, up from nearly 116 million in 2004 and 65.6 million in 2003. Costa Rica also imported nearly 150 million liters
of ethanol in 2005, up from 95 million in 2004.30 Under CAFTA, Costa Rica’s allowance
of duty-free ethanol exports is 117.3 million liters. According to the US government,
Costa Rica exceeded that limit in 2005, the year the agreement was signed, and the effects of the CAFTA quota remain to be seen.31
D) PRIVATE SECTOR
As discussed, Petrobras and RECOPE are involved in the promotion of ethanol blend
use in more than 60 gas stations in the Pacific region of Costa Rica. Petrobras is also
interested in building an ethanol plant in the country and is awaiting the necessary
permits.
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E) RESEARCH & DEVELOPMENT32
Specialists from the School of Electrical Engineering and the Department of Engineering at the University of Costa Rica have commenced work on an initiative, the Biodiesel
Project, which aims to discover more efficient ways of extracting biodiesel from vegetable oil. The project targets the development of production methods, classifies the
raw materials to be used, and assesses the profitability of biodiesel production given
the country’s characteristics. In addition, researchers in the university’s Organic Chemistry Laboratory in the School of Chemistry are looking at the characteristics of palm
oil, its potential alternative uses, and the microbial degradation of biodiesel made from
palm. According to the university’s Vice-Rector for Research, 10 projects have been
completed. All but one are in the field of biofuels. They include:
•
•
•
•

Fuel Oil from African Palm;
Biomass Fuel;
Synthetic Fuel with a base of Agroindustrial Products; and
Agroindustrial Modules of Mini Ethanol Distilleries as a Base for Petroleum Substitution.

F) CONCLUSION
Costa Rica, like a number of other countries in the region, has developed mainly as an
exporter of ethanol, and domestic consumption still lags significantly. The development and implementation of a thorough biofuels law, with the addition of significant
incentives and public education campaigns, will allow for the development of a robust
domestic market. Costa Rica has huge potential for the development of a biofuels
industry, and lessons learned from past attempts at biofuels production, coupled with
above-average infrastructure and private sector know-how, will be advantageous in
achieving this goal. The legal framework is positive, although clarification and successful implementation will be required to assure success.
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2.2 CUBA

Source: World Factbook

A) INTRODUCTION
Historically, Cuba’s sugar industry has been a primary contributor to the nation’s economy. However, economic isolation, industrial inefficiencies, and fluctuations in the
international sugar market have hurt its competitiveness. The industry has downsized drastically in order to survive. Increasing global demand for ethanol may be
the catalyst capable of reviving Cuba’s faltering industry. While Castro’s government
has declared interest in biofuels development, the country has yet to draft the legal or
regulatory framework to support it. In order for a biofuels industry to be viable, the
country will need to invest heavily in production facilities and allow foreign entities to
participate in the sector’s development.
B) GOVERNMENT POLICIES

While Cuba does not yet have enabling legislation, the nation has political momentum
to develop domestic biofuels. According to Ulises Rosales del Toro, Cuba’s sugar minister, the country plans to increase production by at least 25% this year and will triple
production to 3 million tons within the next few years.4 However, in order to achieve
such a goal, the industry will require substantial investment to upgrade outdated and
inefficient facilities, requiring relaxation of Cuban investment laws that have prohibited foreign investment in the country’s sugar industry since 1959.
C) CURRENT SITUATION
Energy Matrix
Oil constitutes more than 70% of Cuba’s primary energy supply, rendering the country
vulnerable to fluctuations in international oil prices and supply shocks.
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Once one of the world’s most prolific sugar producers, Cuba has struggled to overcome
a series of geopolitical setbacks. U.S. President Eisenhower reduced Cuba’s sugar import quota by 7 million tons in 1960, a Cold war maneuver that led to the nationalization of $850 million in US assets.1 Throughout the subsequent decades and the US
embargo, Cuba and Cuba’s sugar industry relied overwhelmingly on economic and
energy assistance from the Soviet Union. After the Soviet collapse, Cuba’s oil imports
declined from 13 million to 5-6 million tons per year, forcing Cuba to acquire energy
resources on the international market.2 Lacking the necessary financial and technical
resources to sustain the inefficient sugar industry, Cuba was forced to close 71 of its
156 factories by 2003.3 While significant investments in tourism and oil have helped to
diversify Cuba’s economy, the sugar industry still employs thousands of laborers, and
government officials are investigating ethanol production as a means of revitalizing
the industry.
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Chart 2.2a: Cuba’s Energy Matrix
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Source: International Energy Agency6

Recent discoveries of Cuban oil fields have, however, sparked the interest of international investors and reduced pressure to diversify the energy supply. European,
Brazilian, Chinese, and Vietnamese companies are exploring the oil fields and are coproducing 60% of the Cuban output along with Cubapetroleo (CUPET).6 In addition,
Cuba purchases approximately 100,000 barrels of oil a day from Venezuela at highly
discounted prices and is able to resell what it does not use.7 The improved oil picture
notwithstanding, the government appears to recognize the need to diversify and the
degree to which ethanol can enhance Cuba’s energy independence and contribute to
the nation’s struggling economy.
Sugar Industry
At the turn of the century, 1,720,791 hectares of land were dedicated to sugar production, approximately half of all agricultural land.8 However, lack of financing and inefficiency has forced Cuba to close almost half of its sugar mills, drastically reducing
total production capacity. By 2003, total land for sugarcane production was reduced to
1.5 million hectares.9 Production levels have declined accordingly. In 2006, Cuba only
produced 1.2 million tons of raw sugar, its lowest output since 1908.10
Nonetheless, according to Luis Galvez of the Cuban Research Institute for Sugarcane
Derivatives, Cuba has 17 distilleries with combined capacity of up to 180 million liters
of ethanol annually.11 The government has vowed to invest further in the industry and
increase capacity by at least 15% in the next year. By 2010, Cuba hopes to produce 500
million liters of ethanol annually, a fivefold increase.12
D) PRIVATE SECTOR
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In order for Cuba to attain these ambitious goals, the country will need to open itself
to foreign investment. Local authorities have recognized the need to transform the
domestic sugar sector into a modern, diversified industry that possesses greater added
value. Modernizing the industry will allow for the production of fuel ethanol as well
as increase electricity generation from sugarcane bagasse. Currently, the government
is investigating various financing options to invest in sugarcane byproducts. As of
2003, almost a dozen joint ventures were underway with investors from Spain, Mexico,
Canada, Italy, and France working on sugarcane byproducts, which comprise 8% of
the total industry.13 Efforts were being made to upgrade the country’s distilleries and
construct facilities for ethanol production.
E) RESEARCH & DEVELOPMENT
Currently, research is being conducted to treat the effluents produced by sugar refineries and distilleries. Researchers from Mexico and Cuba have devised a small-scale
biofiltration system able to eliminate ethanol emitted by distilleries, using sugarcane
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bagasse as support.14 If successful at treating effluents, the process could be applied on
a larger, industrial scale in countries producing substantial quantities of ethanol, such
as Brazil and the US.
While Cuban officials have primarily focused on ethanol as a means of revitalizing the
sugar industry, the Guantánamo province possesses conditions favorable for the production of grass feedstock for biodiesel production. The United Nations Development
Program is conducting a reforestation project to improve the production of jatropha
curcas, a forest species commonly used as a biodiesel feedstock. While the biodiesel
industry has not yet matured, increased production of jatropha curcas could eventually contribute to the diversification of Cuba’s energy portfolio.
F) CONCLUSION
While Cuba’s intentions to dramatically increase ethanol production are ambitious, the
country requires significant investment in order to achieve its stated goals. The decline
of Cuba’s sugar industry has coincided with deterioration of the industry’s milling and
refining facilities. Cuba will need to relax current restrictions on foreign investment
and provide the appropriate incentives in order to attract the resources necessary to
develop a viable industry.
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2.3 DOMINICAN REPUBLIC

Source: World Factbook

A) INTRODUCTION

B) GOVERNMENT POLICIES1
Renewable fuels legislation in not new to the Dominican Republic. The country passed
ethanol legislation in 1948 (though it produced few results). In 2000 and 2001, Law
112-00 for Hydrocarbons and Law 125-01 for Electricity created incentives for renewable energy development. In 2002, Decree 557-02 addressed electricity generation in
sugar plants.
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The Dominican Republic, which shares the island of Hispañola with Haiti, has the potential for larger-scale production and consumption of both ethanol and biodiesel. The
country’s once-thriving sugar industry has slowed, but sugarcane production remains
constant, and the political will exists to promote biofuels for increased energy independence and rural development. The Dominican Republic imports all the petroleum
it consumes, creating a large financial burden. Additionally, adding to the nation’s
sugar-industry value chain will help support rural development and potentially help
improve the conditions under which Haitian migrants work and live on sugar plantations and their surrounding bateys, or living communities. Barriers to the development
of a biofuels sector include outdated sugar mills, inadequate investment, and limited
public awareness of the benefits of renewable fuels. Once pending biofuels legislation
is passed, the opportunities for expansion of the sector will likely surge.
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Decree 732-02, also released in 2002, was the most specific and expansive in laying out
incentives for ethanol. It sought to implement a wide-reaching plan to promote the
development of the biofuels agroindustry and other forms of alternative energy. Officially submitted to the Dominican congress as the Law of Incentives for the Development
of Renewable Energy Sources and their Special Regimens in 2005, the decree:
• Guarantees a 100% tax exemption for imported machinery, equipment, and accessories;
• Grants a 10-year income tax holiday for businesses in the sector;
• Permits the transfer of 50% of investments made in internal consumption with renewable energies to income tax; and
• Guarantees market share to renewable energies.
In addition to this large step in promoting renewable energy production, on November
8, 2005, Dominican President Leonel Fernandez signed an agreement with Colombian
President Alvaro Uribe through which Colombia would provide energy assistance and
transfer technology for ethanol production to the Dominican Republic.2
CAFTA/ Caribbean Basin Initiative
Under the Caribbean Basin Initiative (CBI), Dominican exports of ethanol are permitted duty-free to the United States up to 7% of US production, with additional rules-oforigin stipulations which allow for additional export volumes. The Dominican Republic, along with other members of the accord, are prime targets for foreign investment by
investors wishing to tap into the US ethanol import market. The CAFTA stipulations
are essentially the same as those of the CBI and will supersede them.
Relations with Brazil
In June 2005, Brazilian Foreign Minister Celso Amorin went to Santo Domingo to meet
with President Fernandez. Leading a delegation of 20 businessmen, Amorin discussed
with Fernandez the possibility of a partnership between the two countries for the production of ethanol. The objectives of collaboration would be to assist the island nation
in improving the genetic make-up of sugarcane crops.3
C) CURRENT SITUATION4
History
Sugarcane has historically been an important crop for the Dominican Republic, accounting for 85% of the country’s export revenue in the mid-1980s. However, production and seeded-land peaked in the 1980s and 1990s, and waning international prices
and US quotas, coupled with underinvestment in the sector, have resulted in a decline
of the nation’s sugar industry.
Energy Matrix
The Dominican Republic uses a great deal of oil, which constituted 72.4% of its energy matrix in 2003 [Chart 2.2a]. The country imports all the fossil fuels it consumes,
including 7.475 billion liters of petroleum in 2003. The country spends $2.5 billion, or
35% of its total annual revenues, on fuel imports,5 and has suffered through occasional
petroleum shortages. The Dominican Republic also has well known gaps in power
generation and electricity coverage. Increased production and consumption of biofuels
could alleviate some of these problems.
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Chart 2.3a: Dominican Republic’s Energy Matrix (2003)
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Production
The DR’s total land area is 4.84 million hectares, of which 275,000 hectares are irrigated.
The country boasts 1.088 million hectares (22.49%) of arable land and 496,584 hectares
(10.26%) devoted to permanent crops.7 The Dominican Republic has up to 350,000
hectares of traditional sugarcane land, 200,000 of which could be used for biofuels production without diverting land from food crops. In 2004, the country produced 5.55
million metric tons of cane from 136,000 hectares,8 which is down from its peaks of 11.8
million metric tons of cane production (1982) and 234,000 hectares of cultivated land
(1993).9
Table 2.3a: Yield per hectare of Sugarcane and Sugar crops (tons/ha)

Ethanol Production
Little information is available on the DR’s ethanol production, although it is likely that
some small-scale production takes place due to the sheer size of its sugarcane crop
and the country’s history of ethanol legislation. The country is projected to consume
some 61.2 million liters (385,000 barrels) of ethanol through a 5% gasoline blend in 2006
[Table 2.2e], which will either come from small-scale domestic production or imports.
Structure of the Sugar Industry
The DR’s sugar market, once flourishing, is now in decline. Much of the milling infrastructure is old, and more than half of the plants were built in the 19th century. Only
seven plants are still operating [Table 2.2b].
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Table 2.3b: Capacity of the Dominican Republic’s Sugar Refineries
Facility
Porvenir
Angelina
Consuelo
Cristobal Colon
Santa Fe
Quisqueya
CAEI
OZAMA
Amistad
Boca Chica
Central Romana
Montellano
Barahona
Catarey
Rio Haina
Esperanza
Totals
Source: Industria Azucarera Dominicana11, * Blanks are operational plants
Total sugar production in 2005 was nearly 464,000 metric tons, 40.22% of which was
exported. Production declined in the late 1990s but has recovered recently [Table 2.2c].
The decline and recovery at the turn of the decade was due, in part, to the transfer of
public sugar mills to private investors between 1999 and 2000 for the purpose of recapitalization, legislation for which was approved by Congress in 1997.12
Table 2.3c: Sugar Production, Exportation and Consumption13

CEA
1980
1990
Subtotal
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
Subtotal
TOTAL
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651,685
273,444
925,129
222,447
189,594
225,766
157,134
53,912
109,777
62,109
116,958
98,423
96,414
69,568
1,357,497
2,282,626

Production
Romana
293,081
263,744
558,825
245,526
324,508
400,152
272,580
214,602
289,247
304,795
272,272
317,810
364,348
327,800
3,333,640
3,890,465

Vicini
67,838
19,114
86,952
40,341
57,580
69,686
65,116
79,236
65,636
68,631
59,408
80,372
68,372
66,488
720,866
807,818

Total

Exportation Consumption

1,042,853
584,827
1,627,680
533,277
571,682
695,604
494,830
347,750
465,660
435,535
448,638
496,605
529,134
463,856
5,482,571
7,110,251

460,997
460,997
238,058
350,940
357,060
268,350
190,657
185,346
185,346
185,335
185,335
185,335
186,555
2,518,317
2,979,314

202,462
195,104
397,566
290,779
253,910
265,975
289,386
210,760
299,440
341,432
348,507
300,764
334,984
278,850*
3,214,787
3,612,353

Source: Industria Azucarera Dominicana14, * January - October
Biodiesel Production
There is currently no large-scale biodiesel production in the DR, but the country has
8,000 planted hectares of African palm, and an additional 10,000 available hectares.
The Dominican Republic produces 15.34 tons of palm kernel per hectare [Table 2.2d].
Jatropha is also indigenous to the region.
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Table 2.3d: Yield per hectare (tons/ ha) of Palm kernel equivalents

Costa Rica
Dominican Republic
El Salvador
Guatemala
Honduras
Nicaragua
Panama
Source: FAO STAT15
Competitiveness
A study touting the capability of the Dominican Republic to produce biofuels was presented to the country’s National Competitiveness Center in October 2006. The report
recommends creating biodiesel plants in the nation’s capital, Santo Domingo, in Puerto
Plata in the north, and in La Altagracia. The report estimated that the country has the
capacity to produce 31.75 to 34.6 million liters of feedstock from which to produce
biodiesel.16
Level of domestic consumption
Currently, the DR consumes a small amount of ethanol. With a 22% blend, however,
consumption could reach 259 million liters [Table 2.2e].
Table 2.3e: Ethanol Consumption Projection

2006
2007
2008
2009
2010

Gasoline Consumption (L)
1,226,156,826.14
1,178,230,132.45
1,177,994,486.45
1,177,758,888.14
1,177,523,335.93

Blend %
5
12
16
19
22

Ethanol Consumption (L)
61,307,734
141,387,600
188,478,965
223,774,121
259,019,995

Source: CNE, 11
The country’s biodiesel consumption is also projected to rise, reaching 265.5 million
liters (1.67 million barrels) per year, assuming the country institutes a 20% blend and
develops the proper regulatory, legislative, and public-education measures to accompany it [Table 2.2f].

2006
2007
2008
2009
2010

Diesel Consumption (L)
1,325,082,529.74
1,325,745,070.60
1,326,407,943.70
1,327,071,147.47
1,327,734,681.89

Blend %
2
5
10
15
20

Biodiesel Consumption (L)
26,501,650.25
66,277,708.81
132,640,784.51
199,060,676.09
265,546,937.65

Source: CNE, 12
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Exportation
The Dominican Republic does not currently export biofuels; however, based on its participation in both CAFTA and the CBI, it will have guaranteed access to the US ethanol
import market. The DR could also export supplies to Haiti, which currently lacks the
infrastructure or crops to produce ethanol internally.
D) PRIVATE SECTOR
Investments in the DR’s biofuels industry are not as robust as in other countries. In
September 2002, Hong Kong-based Cavendish International announced that it would
invest $250 million to refurbish the Haina River sugar mill, once the largest mill in the
world, and construct a second mill for ethanol production in San Pedro de Macoris.17
Additionally, a consortium led by Belgium-based Alcogroup announced plans to build
an ethanol plant in Monte Plata in 2006, and the Dominican sugar cooperative says that
it is in talks with other partners to convert at least one sugar refinery into an ethanol
plant.18 Investments are likely to continue to materialize, both internally and from
foreign sources such as Brazil and Colombia, countries with which the DR has technical cooperation agreements. Investors may come from as far away as Russia, which is
currently the case with an ethanol project in Jamaica (see Jamaica chapter). To promote
internal investment, the government will likely need to embark upon a promotion
campaign among sugar producers and domestic investors.
E) RESEARCH & DEVELOPMENT
There is likely some research taking place in the DR with respect to biofuels production, but detailed information in limited. The capital’s Autonomous University of Santo
Domingo (UASD) has a variety of offerings in chemistry, microbiology, agroindustry,
and engineering. INTEC, the University Institute of Technology, also located in Santo
Domingo, is investigating the potential for generating energy from seaweed.19 As the
sector develops, R&D for improvements in crop yield and processing will likely materialize. There will also be potential for collaboration with Brazil, Colombia, and other
Caribbean nations.
F) CONCLUSION
The Dominican Republic has the potential to produce both ethanol and biodiesel, and
the need for energy independence and rural development will propel renewable fuels
programs in the country. The country still lacks a comprehensive legal framework and
investment for the sector, but will be able to address these issues through legislation
and technical cooperation with countries expert in biofuels production. Additionally,
the nation’s participation in the CAFTA agreement makes it a prime destination for
foreign investment.
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Source: World Factbook

A) INTRODUCTION
El Salvador has been identified as one of the potential biofuels success stories in Central America. Though not yet as advanced as Costa Rica or Guatemala in terms of public-policy support for biofuels production, the country’s sugar industry has exhibited
the productivity and organization needed to serve as a foundation for a viable biofuels
industry. Ethanol production in El Salvador is currently relatively small; however,
the country is exporting biofuels to several countries, including the US. Additionally,
biodiesel production is in the trial stage. For both of these market segments, regulatory
reform is still needed to promote production, use, and export on a greater scale. Feedstock production and investment in processing facilities are two principal challenges to
El Salvador’s biofuels development.
B) GOVERNMENT POLICIES

The Promotion System for Renewable Energy (SIFER), under the country’s Ministry of
Economy, makes available a Rotating Fund for Renewable Energy Promotion (FOFER),
which provides low interest loans to cover payments due to lending banks for renewable energy projects.2 The ministry has also partnered with the Austrian Technical
Cooperation Trust Fund to provide information to decision makers on the implementation of a biodiesel program. The goal of the project, which will include a $73,360
contribution from the fund and $15,000 form the ministry, is to incorporate the private
sector and elaborate domestic and international opportunities.3
CAFTA
As outlined in the regional overview, Central American countries will continue to en-
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The Salvadoran government is preparing a law to promote and regulate the production
of ethanol, as well as biodiesel, according to Economic Minister Yolanda de Gavidia.
An Executive Decree has been written and will soon be debated by the Legislative Assembly. The law establishes that, beginning September 1, 2007, all gasoline distributed
in El Salvador must contain ethanol as an oxygenating agent. The minimum blend will
be between 8% and 10% ethanol. By that same date, the import of fuels that contain
MTBE or MMT will be forbidden, as will any other oxygenating agent that is not derived from renewable sources. The Executive Decree places the Director of Hydrocarbons and Mines in charge of managing production quotas. Those entities engaged in
the production of ethanol will enjoy tariff-free import of machinery and other goods
used to produce ethanol for two years. During that time, revenues derived from ethanol sales will be tax exempt.1
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joy tariff-free access to the U.S. market under CAFTA almost identical to that allowed
under the expanded Caribbean Basin Initiative. For ethanol, a specific share has been
established for El Salvador under CAFTA: 19.7 million liters (5.2 million gallons) for
the first year with annual increases of 4.92 million liters (1.3 million gallons) per year
not exceeding 10% of the quota. This should continue to encourage the development
of biofuels capabilities and production in the country.
Relations with Brazil
Gina de Hernandez, the Director of Hydrocarbons and Mines in El Salvador’s Ministry
of Economy, visited Brazil along with representatives of other Central American countries in 2005. The goal of the trip was to learn from the successful Brazilian experience
in the production of ethanol.4 Brazilian firm Crystalsev is also involved in a project in
El Salvador [see Business Sector].
In June 2006, El Salvador signed a technical, scientific and technological cooperation
agreement with Brazil for a project to develop the processing of castor oil (mamona).
El Salvador was also one of the countries to sign the Protocol of Intention for Technical
Cooperation in the Area of Production Techniques and the Use of Ethanol in September
2005.5
C) CURRENT SITUATION
Energy Matrix
Oil accounts for 46.2% of El Salvador’s energy supply [Chart 2.3a]. In 2005, El Salvador
spent $900.7 million on nearly 2.54 billion liters (16 million barrels) of petroleum products, up from $671.5 million the year before.6 There is a consumer market for renewable and waste energy derived from biomass, particularly for rural power generation
and electrification, but the figure for renewable energy use includes the burning of
wood saplings to light homes at night; firewood is by far the country’s most common
cooking fuel.7 In 2002, the Salvadoran Sugar Company (CASSA) began to produce electricity from bagasse, which is fed into the national energy grid. Electricity continues to
be generated in this way during the harvest period.8
Chart 2.4a: El Salvador’s Energy Matrix (2003)
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History
In the late 1980s, El Salvador bought four distilling plants from Venezuela: two with
production capacity of 120,000 liters/day, and two of 60,000 liters/day. The two larger
plants were installed and produced a gasoline-ethanol blend until 1991, when production was discontinued. The two smaller plants were never installed. Lack of effective
planning and a dearth of information to consumers (who were reluctant to use the
alternative fuels despite their economic advantages) doomed the projects.10
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Current Production
El Salvador has a land area of 2.07 million hectares, 45,000 hectares of which are irrigated. The nation has 649,359 hectares (31.37%) of arable land, a notable percentage,
and 245,916 hectares (11.88%) devoted to permanent crops.11 Sugarcane is the main
feedstock crop for ethanol production, and the country has the greatest percentage of
land in Central America devoted to sugarcane: roughly 3.9%.12 In 2004, El Salvador’s
sugarcane and sugar crop yield was 92.45 tons per hectare [Table 2.3a], which, multiplied by the country’s estimated 60,00013 hectares of devoted land, gives the country a
sugarcane and sugar crop production of more than 5.5 million tons of cane and sugar
crop cultivation. This yield, as illustrated in Table 2.3a, is the second highest for the region and more than double that of Panamá, Honduras, and the Dominican Republic.
Table 2.4a: Yield per hectare of Sugar cane and Sugar crops (tons/ha)

14 13
Source:
STAT
Source:FAO
FAO
STAT

Ethanol Production
Data on El Salvador’s ethanol production is limited, but the country exported nearly
84 million liters in 2005, and as investments and demand increase, production is expected to rise. Much of the country’s production is centered on dehydration of hydrous
ethanol imported from countries like Brazil. The Inter-American Development Bank is
currently providing technical cooperation to help determine the feasibility of developing ethanol plants which utilize sugarcane as well as to identify and evaluate the sites
in-country with the most potential.

Currently, 59% of sugarcane producers are independent cultivators. The remaining
41% belong to over 470 different agricultural cooperatives or associations. The majority of production is carried out by small operations; the average landholding is 50
hectares.15 According to the association, the sector generates nearly 48,000 direct and
more than 187,000 indirect jobs and benefits more than 224,000 dependents (a separate estimate puts the total number of jobs directly and indirectly associated with the
sugarcane sector in 2004 at 375,00016). Although there are more than 7,000 sugarcane
farmers working the roughly 60,000 hectares of sugarcane planted in El Salvador, the
sugar processing industry is highly concentrated, with more than 60% of total production occurring in the four largest companies: Central Izalco, El Angel, Chaparrastique,
and La Cabaña.17
As of 2005, eight of El Salvador’s ten sugar facilities were active. The refineries in Colima and El Carmen were listed as inactive, but as late as 2004, Colima was operating
with a crushing capacity of 2,000 tons per day [Table 2.3b]. The Chanmico, Chaparrastique, El Carmen, La Cabaña, La Magdalena, Jiboa and San Francisco facilities were
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Structure of the Sugar Industry
El Salvador’s sugar industry is primarily overseen by the Sugar Association of El Salvador, a non-profit organization. The association monitors and analyzes the activities
and productivity of the sector, and establishes linkages between sugar producers in El
Salvador and international organizations and coordinating bodies. All of the plants
listed in Table 2.3b, with the exception of Colima, are part of the association. According
to the association, those eight facilities account for 100% of the nation’s sugar production, which in turn accounts for nearly 20% of the nation’s agricultural GDP.
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once state property. Today they are controlled by the Corporación Salvadoreña de
Inversiones (CORSAIN). The Central Izalco (of CASSA), Colima and El Ángel facilities are completely private. Central Izalco belongs to the Regalado Dueñas and Mathies
Hill families; the Colima refinery belongs to Calderón Sol and Cristiani; and El Ángel
is owned by three families, the most important of which is the Borja Nathan family,
which serves as facility administrator.18
Table 2.4b: Crushing Capacity of Salvadoran Sugarcane Facilities

Facility
Central Izalco
El Ángel
Chaparrastique
La Cabaña
Jiboa
Chanmico
San Francisco
La Magdalena
Colima
Total

Capacity
(ton/ day)
9,200
7,500
6,000
5,750
5,000
4,000
3,500
3,500
2,000
46,450

19
Source:
Source:UN/CEPAL
UN/ CEPAL18

The sugar industry is in El Salvador is one of the most efficient in the region, even
though there has been a marked trend towards the reduction of seeded land. In 2004,
the country’s sugar sector generated 2.4% of GDP and brought in $37 million in revenue, $10 million less than in 2003, according to the Salvadoran Central Reserve Bank.20
In 2006, El Salvador produced 5.27 million tons of sugar.21 According to the sugar association, El Salvador exports 50% of its sugar production.
Table 2.4c: Indicators for the Sugarcane Industry in El Salvador

21 22
Source:
UN/CEPAL
Source: UN/CEPAL
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Biodiesel
El Salvador currently produces soy, jatropha, castor bean (higuerillo), and cottonseed,
which can be used as feedstock for biodiesel. Biodiesel production, however, has only
reached the experimental level in the Central American Technological Institute (ITCA);
test programs have had good results using biodiesel to power buses.23 The British firm
D1 Oils has also launched a pilot program to produce biodiesel from jatropha in El
Salvador.
Competitiveness
El Salvador, along with Costa Rica and Guatemala, has been identified as having the
potential for growth within the ethanol sector. It has an efficient sugar industry, solid
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productivity, good organization, and government participation, and is believed to have
industry indicators comparable to those found in Brazil.24
Domestic Consumption
There are currently no figures available for domestic consumption. The government
has not actively promoted biofuels use domestically, a practice which is likely to change
with the introduction of a biofuels promotion and commercialization law [see Government Policy]. According to the Sugar Association of El Salvador, the country should be
able to meet a projected demand of 56.7 million liters of ethanol per year.25
Exports
El Salvador’s ethanol exports in 2005 were between 83.8 and 89.7 million liters, up from
nearly 26.1 million in 2004 and 30.7 million in 2003. The country also imported nearly
130 million liters of ethanol in 2005, up from roughly 40.5 million in 2004.26 According to the Salvadoran Ministry of Economy, El Salvador’s export quota to the United
States is projected to increase under the CAFTA agreement, and with these increases,
revenues are likely to nearly quadruple over 15 years [Chart 2.3b].27
Chart 2.4b: Ethanol Export Quotas to the United States
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Investment in the Salvadoran biofuels industry is steadily improving. In September
2004, US agricultural giant Cargill decided to build an $8 million dehydration unit in
El Salvador as a cooperative venture with Brazilian firm Crystalsev and CASSA of El
Salvador. Production for the 238.7 million liter-capacity plant (63 million gallons) was
to begin in 2005.28 The goal of this plant was to bring ethanol from Brazil into the US,
taking advantage of tax incentives under the Caribbean Basin Initiative.29 The plant
began exporting in 2006.30 The La Cabana distillery in Agolares, operating 120 days
a year, produces fuel ethanol at 60,000 liters per day and hopes to double its capacity
by 2006-07.31 The company has already invested $800,000 to expand its production
capabilities.32
On the biodiesel front, British firm D1 Oils has launched a pilot program to produce
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biodiesel from jatropha in El Salvador. The project intends to plant 2,500 trees on five
plots of 1,000 hectares each. The firm has stated that if the results fulfill their expectations, they should be producing biodiesel by 2007.33
Overall, Salvadorans interested in producing renewable fuels believe that the biofuels
law currently under legislative review should contain incentives to promote the production and use of these fuels and to facilitate the entrance of new players through tax
breaks and low-interest loans.34
E) RESEARCH & DEVELOPMENT
Information on research and development activities in El Salvador is not easily accessible, which suggests that R&D in the biofuels sector is not as prevalent as it could be.
There will be a forum on alternative energy in El Salvador during the second week
of November in which they will try to identify the entities developing projects and
research in this area.35
Sun Energy Corp., a renewable energy company based in Santa Ana, El Salvador is currently engaged in research and development activities related to biodiesel production.
The company aims to produce biodiesel from waste vegetable oils and oils it will produce itself from jatropha or castor bean. It also intends to investigate the feasibility of
biodiesel production from waste animal fats produced by the nation’s meat industry.36
F) CONCLUSION
El Salvador has great potential in the ethanol industry, given the productivity of its
sugar industry and its privileged position in relation to the US market. To be able to introduce biofuels into the country’s energy matrix, however, El Salvador’s government
needs to provide incentives for investors and guarantee a market through blending
requirements and public awareness campaigns. Raw material must be produced on
a greater scale to expand the potential of El Salvador’s biofuels industry. This will require investment in more efficient technology as well as partnership with countries like
Brazil, which possess the expertise in both R&D and production to assist the country in
developing its biofuels sector. On a positive note, the investment climate in El Salvador
inspires confidence in the country’s ability to attract needed investment.
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A) INTRODUCTION
Guatemala has become a central focus for the development of alternative energy
sources, and particularly ethanol and biodiesel. The maturity and competitiveness
of the sugar sector coupled with previous investment in ethanol technologies make
the development of a viable biofuels market in Guatemala increasingly feasible. Further, Guatemala’s ranking as the world’s largest producer of palm and palm kernel
equivalents illustrates the country’s vast potential for the development of a competitive
biodiesel industry. Opportune economic and political conditions exist in Guatemala to
develop the nascent industry and thereby diversify the country’s agro-industrial base,
reduce its dependence on foreign oil, generate employment, and reduce domestic and
global environmental degradation. Guatemala is well positioned to become a model
for sustainable biofuels development for the region and for the world.

Beginning in the 1980s, industrial organizations began focused discussions with government, the sugar sector, and the Ministry of Energy and Mining on including ethanol
in the fuel mix. Guatemala began promoting the use of ethanol through fuel standards
in 1985, with the enforcement of Decree 17/85. The law allowed for a blend of up to 25%
ethanol, but due to poor planning, a lack of technical capability, and scant interest from
key players, the standards have thus far had little effect.1 Insufficient planning, lack of
information to consumers, conflicts of interest, and difficulties in pricing, among others
factors, have inhibited the growth of a domestic ethanol market. The absence of a clear
institutional and regulatory framework, coupled with opposition from oil importers,
continue to thwart the maturation of ethanol and biodiesel industries. After years of
frustration, organizing finally began to make progress in formalizing government and
industry cooperation in biofuels.
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In 2003, the Guatemalan government passed the Law of Incentives for the Development
of Projects in Renewable Energy (“Ley de Incentivos para el Desarrollo de Proyectos
de Energia Renovable”). It created fiscal, economic, and administrative incentives for
such projects. Incentives included exemption from import duties, VAT, taxes on machinery imports for the stages of pre-investment and execution, and income taxes for
10 years during commercial operation. Despite the incentives created by the 2003 law,
opposition led by the country’s oil establishment remains strong.2 Getting oil importers
to “buy in” will be critical to enable the development of a renewable energy industry.
Exhaustive studies were conducted by the government’s Economic Cabinet to identify
the benefits of a Guatemalan biofuel program. According to UN-CEPAL, a 10% ethanol blend would produce the following benefits:3






Generate 10,000 direct jobs;
Diminish pollution due to the elimination of MTBE;
Save $56 million annually from the reduction of petroleum imports;
Contribute to the stability of fuel prices;
Enable Guatemala to access credit from international financial institutions for reducing atmospheric contaminants.

Total estimated savings from reduction of petroleum consumption were estimated at
approximately $20 million, based on 2002 values.4
Further, the proposal called for $60 million for the installation of six distilleries, each
with a capacity of 120,000 liters per day, with an additional $9 million investment in
expanded cultivation. The following three years would require an investment of $40
million for the installation of four additional distilleries and $6 million for the acquisition of new land for cane cultivation.5
The law would require a minimum percentage of all fuel to be derived from renewable sources and would prohibit the importation of MTBE-containing fuels. Distilleries
would be previously authorized by the government to produce ethanol and the Ministry would define annual quotas for each producer along with the required minimum
fuel mix of at least 5%. Under this proposal, biofuel exports would only be permitted
if the domestic market was fully supplied. A flexible price for biofuel would be established taking into account the last twenty years of sugar prices on the international
market.
A more recent analysis conducted by the Guatemalan Association for Renewable Fuels
suggests that a 10% ethanol fuel blend would require $80 million in investment in eight
distilleries with an annual ethanol production of 145 million liters. Balance of payments savings would be on the order of $54 million.6
While the imposition of renewable energy requirements will continue to meet opposition by domestic petroleum importers, the biofuel proposal illustrates an entrepreneurial and progressive vision on the part of the government and the sugar industry.
Establishing incentives for other stakeholders and establishing multi-sector ‘buy-in’
will be necessary to establish legitimate and lasting biofuel legislation.
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CAFTA
As mentioned previously in this report, under the Central America Free Trade Agreement (CAFTA), Central American countries will continue to benefit from the 1989 expansion of the Caribbean Basin Initiative that granted access to US ethanol markets.
However, incentives for the development of a domestic ethanol market may diminish
if the international price of sugar increases due to further trade liberalization. Sugar
producers in Guatemala and other Central American countries have expressed concerns that a conversion to ethanol production may have a detrimental impact on quotas
allowed under present trade arrangements.
According to UN COMTRADE,7 Guatemala’s exports to the United States for 2002 for
cane or beet sugar and pure sucrose in solid form were 114.5 million metric tons at a
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value of $30 million. CAFTA would allow additional sugar imports into the United
States above the current 127,000 tons under the tariff rate quota. Additional exports
could eventually exceed 100,000 tons as second-tier tariffs are reduced one cent per
year over 15 years, eventually eliminating tariff protection.
Relations with Brazil
In 2005, Guatemala and Brazil signed the Protocol of Intention for Technical Cooperation in the Area of Production Techniques and the Use of Ethanol. It encourages
cooperation between the two countries on ethanol technology, research and development.8 The same year, high-ranking officials from the Guatemalan Ministry visited
Brazil, along with representatives of other Central American countries, to learn about
Brazil’s successful efforts in ethanol production.9
In 2006, the Brazilian Secretary of Industry and Commerce, Luciano Tavares, offered
assistance to Guatemala in constructing policies on the development and use of ethanol. In addition, Brazil’s Vice President, José Alencar, met with Guatemala’s Governor
of Operations, Eduardo Stein in May 2006 and offered support for the promotion of alternative fuel production in Guatemala. Businessmen along with representatives from
Brazil’s Energy and Mining industry expressed interest in formalizing a commercial
exchange with Guatemala in the form of a free trade agreement.10 Technology investments and environmental conservation were also discussed. With respect to biofuels,
Brazil committed to advise Guatemala on the construction of biodiesel and ethanol
plants.11 While financial and technical support from Brazilian counterparts could bolster Guatemala’s nascent industry, a number of NGOs have expressed concern over the
use of Guatemala and other small sugar-producing countries as a channel for Brazilian
ethanol into US markets.12 Small farmers from the global south have also voiced concerns that multinational corporations investing in ethanol production will absorb large
tracts of land and ultimately undermine the ability of small farmers to compete.13
C) CURRENT SITUATION
Energy Matrix
Guatemala derives more than half of its energy from renewable sources, including
ethanol and biodiesel. Given the country’s developed agroindustrial base and strength
in sugar and palm oil production, Guatemala exhibits significant potential for the development of a domestic biofuel industry.
Chart 2.5a: Guatemala’s Energy Matrix

Renewables &
Waste: 53.1%
Coal: 3.1%

Oil: 41.9%

Source: IEA

Production
Guatemala ranks as the largest sugar producer in the region and the fifth-largest sugar
exporter in the world. At present, there do not seem to be significant price differences
between sugarcane producers or land restrictions on cane cultivation. Independent
cane producers account for nearly 20% of supply. Cane plantations occupy only 4% of
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cultivated land.14 Given its natural resource endowment and its industrial and technological capability, Guatemala is well positioned to develop its ethanol industry for both
domestic consumption and for export.
Table 2.5a: Yield per hectare (tons/ha), Sugar cane and Sugar crops15

Source: FAO STAT

Table 2.5b: Indicators for the Guatemalan Sugarcane Industry:
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180
180
180
180
188

14,793
17,666
15,645
14,339
15,174
16,900

1517
1,792
1,583
1,655
1,712
1,912

87.0
98.1
86.9
79.7
84.3
91.4

102.6
101.4
101.2
115.4
112.8
113.1

Source: Asociación de Azucareros de Guatemala

Ethanol Production
Several major distilleries account for much of Guatemala’s current ethanol production.
Destileria Bioetanol, associated with Ingenio Pantaleon, is the largest distillery in the
country. It will use modern technology to produce 150,000 liters per day of ethanol
and is in the final stages of construction. Investments in the project total $15 million.
The distillery at Ingenio Palo Gordo produces 120,000 liters per day, and has been operational continuously since 1985.16 Octagon is the only company in Guatemala currently producing biodiesel; its biodiesel project is partly financed by the government
of Finland.17
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Structure of the Sugar Industry
Sugar is the nation’s largest export, with over 197,000 hectares of Guatemalan land
seeded for sugar cane production and 72% of Guatemala’s sugar production exported.
Guatemala’s sugar industry represents 23.82% of the total value of Guatemalan agricultural production and 13.65% of the total exports. Sugar is the second largest contributor to foreign exchange. During 2005, sugar and molasses production generated
revenue of $497.5 million and has generated 300,000 direct and indirect jobs.18 The
sugar industry is one of the largest and most economically competitive in the region
and is a primary engine for economic growth in Guatemala.
The Guatemala sugar industry is comprised of 15 sugar mills located in 5 departments
along the Pacific Coast and has grown enormously over the last forty years. In 1960,
12,534 hectares were dedicated to sugar compared with 197,000 hectares in 2004-2005.
Production has increased from 65,163 tons in 1965 to 17.8 million tons in 2004-2005.19
While a number of facilities are currently in operation, the majority of production stems
from the following refineries:20
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Table 2.5c: Guatemala Sugar Refineries

Source: Asociación de Azucareros
de Guatemala
Pantaleón, the largest of the refineries, processes 16% of the total capacity with the largest six refineries producing 72% of total capacity.21
The total growth and production concentration is illustrated below by the total tons of
sugarcane processed by the six refineries over a seven-year period:
Table 2.5d: Total Sugarcane Processed by Largest Guatemalan Refineries (tons)

Source: CENGICAN22

The primary entity within the Guatemalan sugar industry is ASAZGUA, the Guatemalan Sugar Association, which is an umbrella organization for sugar producers and
exporters. ASAZGUA was formed in 1957 as an independent, apolitical, non-profit
organization integrating parties active in the industry. From that time, the Guatemalan sugar industry has become increasingly cohesive and has developed policies, programs and projects of communal interest. Unlike other regional sugar producers, the
Guatemalan sugar industry has operated relatively autonomously from the state.23 All
exporters are members of ASAZGUA, which is supported by the following:
• Guatemalan Sugar Cane Research and Training Center (CENGICANA)
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The sugar industry in Guatemala, while booming, is concentrated among a few select families that have received financing and funding from international development
groups such as the International Finance Corporation and the World Bank. Pantaleon
and Concepcion are the two primary sugar factories and have been in operation since
the late 1800s and early 1900s, respectively. According to the IFC, Pantaleon is owned
and controlled by the Herrera family. Concepcion’s shareholders are as follows: Herrera family (37%), Pantaleon (17%), Nottebohm family (28%), and Widmann family
(18%). Because the Herrera family owns 100% of Pantaleon, they control 54% of Concepcion as well.
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•
•
•
•

Guatemalan Society of Sugar Cane Technologists (ATAGUA)
Shipping Terminal of Sugar (EXPOGRANEL)
Sugar Foundation (FUNDAZUCAR)
Sugar mills and Canegrowers Association.

Under the leadership of ASAZGUA, Guatemalan sugar producers organized and developed proposals to include biofuels in the domestic energy regulations. The 1985
decree 17/85 allowed for the use of biofuel up to a 25% alcohol blend.24 However, insufficient planning, lack of interest by fuel distributors, and difficulties in pricing limited
the potential return of the pioneering legislation.
Biodiesel
While sugar is Guatemala’s primary material for ethanol production, the country possesses significant jatropha, palm oil, and avocados that are being sourced for the production of biodiesel.
The potential for biodiesel production is substantial considering the country’s vast production of palm and other oil seeds. According to the FAO, Guatemala is the world’s
largest producer of palm kernel equivalents, yielding 30.37 tons/hectare in 2004.25
Table 2.5e: Yield per hectare (tons/ ha) of Palm kernel equivalents26

Costa Rica
Dominican Republic
El Salvador
Guatemala
Honduras
Nicaragua
Panama

2000
18.50
15.30
0.00
22.76
18.75
26.50
10.36

2001
18.60
15.30
0.00
20.29
19.67
26.50
10.17

2002
18.30
15.35
0.00
23.88
16.64
26.50
10.09

2003
22.63
15.35
0.00
23.60
23.33
24.32
10.17

2004
18.62
15.34
0.00
30.37
25.22
24.35
10.12

Source: FAO STAT FAO Statistics Division
If Guatemala is able to secure adequate and sustained financing for production facilities, the country could become a center for regional biodiesel production.
Competitiveness
The sugar sector has the capacity to produce enough ethanol for domestic consumption at a 10% ethanol blend without much difficulty, putting Guatemala in an extremely
positive position to develop a viable ethanol market and enhance domestic energy security. Four of the nation’s distilleries have a combined productive capacity of 490,000
liters per day. Utilizing 27% of the available molasses, Guatemala would be able to
meet the projected domestic demand for ethanol.27 Paradoxically, there is no domestic
ethanol market in Guatemala; nearly all production is exported, mainly to the US and
the European Union. Given this situation, action must be taken to promote the use of
ethanol in Guatemala and create a domestic market, including through the expansion
of existing facilities. As discussed previously, Guatemala could save over $50 million a
year by replacing oil imports with domestically produced biofuels.
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D) PRIVATE SECTOR
According to the Association of Renewable Fuels of Guatemala, $80 million in investments is needed to produce enough ethanol to supply the domestic market.28 The
Guatemalan government signed the United Nations Convention on Climate Change
in 1992, and it was ratified by the Congress of the Republic in 1995. Guatemala may
take advantage of its status as a signatory to attract foreign investment for ethanol and
biofuel production under the Clean Development Mechanism.
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Since 2002, the company OCTAGON has been researching the production of biodiesel through the use of oilseeds, specifically jatropha curcas, with plans for developing plantations along with construction of facilities for the production of biodiesel. In
2004-2005, OCTAGON initiated jatropha curcas studies in ten geographic zones and
has plans to expand the project commercially in 2006.29 The project would expand
the country’s biodiesel base and refine the technological and mechanical procedures
required for biodiesel production from oilseeds.
In 2005, OCTAGON designed an industrial plant for biodiesel capable of processing
the enhanced volume of harvested jatropha curcas and other varieties of oilseeds.
Through the development of the pilot plant, the company seeks to perfect the industrial processes for extracting and retaining the byproducts of oilseeds. The plant would
define the processes for purification of biodiesel and glycerin and seeks to produce
3,000 gallons of biodiesel per day. Simultaneously, the company is conducting significant research into the use of varying types of oilseeds for biodiesel production in an
effort to enhance overall yield and efficiency. According to OCTAGON, the project will
require a 130 million euro ($166 million) investment.30
E) RESEARCH & DEVELOPMENT
The Guatemalan Sugarcane Research and Training Center (CENGICAÑA), was created by ASAZGUA in 1992 to support the technological advance of the sugar agro
industry, with the aim of improving production and productivity of sugarcane and
its derivatives. It is financed by the sugar mills that comprise Guatemala’s sugar agro
industry, whose contribution to the Center’s budget is proportional to sugar production.31 Among its many projects, CENGICAÑA fosters a Sugarcane Varietals Development Program which seeks to improve Guatemala’s sugar productivity through the
breeding and selection of better-yielding, disease and pest resistant varietals suited to
the various climates of the region. The center’s research and development also focuses
on agronomy and pest control management, but does little with respect to the technological processes necessary to enhance the industrial processing of ethanol or biofuel
derivatives.
Guatemala is currently carrying out a study of the potential of jatropha for the production of biodiesel. The companies AGROCYT, OCTAGON, FAUSAC, ICTA and AGEXPRONT are all participating in the project. The goal of the study is to determine the
genetic viability of the plant and to assess the possibility of altering its genetic composition in order to improve its potential.

Despite institutional and industrial barriers, the sugar industry in Guatemala is already
mature and producing on a competitive basis. However, obstacles to viable ethanol development remain, due to the lack of a clear regulatory framework for the production
of ethanol and biodiesel and the need for clear rules and goals for the domestic market
(with regard to blend, consumption, etc.). One major hurdle is the opposition posed
by oil importers, which have been successful in preventing the implementation of biofuels in the domestic markets. Promoters of ethanol production must target incentives
to varying stakeholders and establish ‘buy-in’ among conflicting parties. The potential for ethanol is immense, given the size and competitiveness of the sugar industry
and the country’s successful exporting experience. Once the framework for domestic
consumption is designed and implemented and sources of financing are developed,
Guatemala will become a significant player not only regionally, but globally.
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Source: World Factbook

A) INTRODUCTION

Haiti’s once booming sugarcane industry is near defunct due to deforestation and soil
erosion, which has resulted in the desertification of large expanses of the nation’s countryside. While sugarcane is still grown in pockets of the country, the short- and even
medium-term prospects of a revival are dim. Biodiesel therefore is seen as a better
choice for the country. Biodiesel feedstocks such as castor bean and jatropha are better
suited for the country’s terrain than sugarcane. Moreover, Haiti’s reliance on diesel fuel
for transport and power generation makes biodiesel particularly attractive. Much of
Haiti’s transport sector relies on diesel fuel, and the use of biodiesel as an additive or
substitute could have a significant impact on the nation’s air quality. Biodiesel might
also help replace biomass-derived charcoal (which fosters deforestation) as fuel for
cooking and other activities. In terms of power generation, biodiesel derived from oilseed plants, waste vegetable oils, or animal fats could help reduce environmental damage and create a more consistent supply of energy, improving overall quality of life.
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Haiti does not produce biofuels, but it has potential for biodiesel development through
technology and information transfer from Brazil. The United Nations Food and Agriculture Organization (FAO) has included biodiesel production as part of a comprehensive development package for the country. If such a program is implemented, the
socioeconomic and environmental benefits to the country will be significant, including
rural economic development, power generation, air-quality improvement, and a reduction in the country’s petroleum import expenses.
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B) GOVERNMENT POLICIES
There are no biofuels laws in Haiti, and this type of legislation is likely not a high
priority for the administration of recently elected president René Préval. The poorest
country in the Western Hemisphere faces a myriad of political and economic problems,
many of which are intertwined. It has had a tumultuous political history marred by
numerous coups d’état and corruption and must reestablish political stability and security and improve economic and social development.
An improvement of the country’s political and economic climate might make possible
the development of a stable biofuels industry and attract investment by reducing investor risk. Infrastructure will also be a key issue: the country will need equipment
and plants to produce biofuels as well as transport infrastructure to make the fuels
widely available. Préval aims to address the poor state of Haiti’s roads, but short-term
improvement is unlikely. Public information campaigns will also be important to promote the production and use of biofuels on a national scale.
Petrocaribe
Following the election of Préval in February 2006, Haiti was brought into the fold of
Petrocaribe negotiations (Venezuelan president Hugo Chávez did not recognize the
U.S.-backed interim government of Haiti, established after the ouster of Jean Bertrand
Aristide in 2004, and blocked its entrance into negotiations). The Petrocaribe initiative
should offer some relief on the purchase of crude products, but the socio-economic
benefits of biofuels use should still be a strong incentive. Additionally, the environmental benefits of biofuels use both for the transportation sector and for power generation could be significant.
Relations with Brazil
Since 2005, Brazil has sought to establish cooperation agreements on biofuels production with several countries, including Haiti. In May 2006, Haiti signed on to Brazil’s
Protocol of Intention for Technical Cooperation in the Area of Production Techniques
and the Use of Ethanol, which aims to enhance both countries’ efforts to meet their
Kyoto requirements.1
In September 2006, Haiti’s agriculture minister, Joanas Gué, accompanied Édna Carmélio, head of biofuels in the Brazilian Ministry of Agrarian Development, on a visit to
the biofuels production plant at the University of Brasília. The visit was part of a nineday trip led by Gué to secure assistance from Brazil in developing a Haitian biodiesel
industry. According to Carmélio, Haiti will likely be able to utilize certain aspects of
the Brazilian model, including financial incentives to encourage the purchase of biofuels from small holdings and technical assistance for feedstock cultivation.2 Brazil has
pledged to provide technical know-how and equipment to support Haiti in its effort.
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The UN Food & Agriculture Organization (FAO) is promoting the adoption of several
Brazilian social programs, including its national biodiesel program, in Haiti. Vegetation similar to that used successfully in biodiesel production in Brazil is prevalent in
Haiti, according to José Graziano, FAO Director General for Latin America and the
Caribbean. The organization will provide technical support to Haiti’s central bank
in managing the funds dedicated to the program, much of which will come from the
European Union. The FAO will also promote a program similar to Brazil’s National
Financing Program, designed to provide low-interest credit to support individual agricultural production for use as biodiesel feedstock. Graziano is a former minister of
Lula’s government and one of the creators of the Zero Hunger program, which is also
part of this initiative.3
C) CURRENT SITUATION
Energy Matrix
Haiti uses a signficant amount of renewable energy, particularly from biomass such as
firewood and plant-based charcoal [Chart 2.5a]. Haiti also consumes significant oil,
but the 25.2% figure listed in Chart 2.5a is comprised, in large part, of diesel. Haiti’s
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domestic supply of oil in 2003 was 569,800 tons, all of which was imported; 59% of
that total was diesel oil [Table 2.5a]. For this reason, biodiesel will be the focus of any
biofuels programs implemented in Haiti.
Chart 2.6a: Haiti’s Energy Matrix (2003)

Renewables &
Waste: 73.8%

Oil: 25.2%

Hydro: 1%

Source: International Energy Agency4

Table 2.6a: Oil Figures for Haiti (2003)* (,000 tons)

Source: International Energy Agency5, * The indicators for crude oil , natural gas liquids and
reﬁnery feedstocks were all zero.

While ethanol production is not a likely for Haiti in the medium-term, an analysis of its
sugarcane industry is included as a basis for comparison with other countries and to
examine the potential for a revitalization of the sector.
Structure of the Sugar Industry
The country’s Ministry of Commerce and Industry does not publish information on
Haiti’s sugar industry, or any industry for that matter. It is known that Haiti no longer
has an export market for sugar, but produces some sugarcane for domestic consumption, importing most of its sugar from the Dominican Republic. The sugar that is produced domestically is primarily cultivated by small-scale farming operations. According to the nation’s Ministry of Agriculture, roughly 44,500 hectares are employed in
domestic sugarcane production.6 The country does export rum, and its largest export-
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Production
Haiti does not currently produce biofuels, but there are programs in the pipeline to
promote the development of a biodiesel industry. Both castor beans and jatropha are
found in Haiti, though cultivation is limited.
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ing company, Barbancourt, primarily uses its own domestically-grown feedstock.
In recent years, Cuban experts have traveled to Haiti to provide technical assistance in
the reconstruction and reopening of the sugar mill in Darbonne. In March 2004, the
mill was in its fourth sugar harvest, employing 2,000 people and providing electricity
during the harvest period to 5,000 families in the area.7 Other mills operating in the
country were:8
•
•
•

The Dessalines Center of Les Cayes
Sugar mill of the North (Citadelle)
Haitian American Sugar Corporation (HASCO)

HASCO, the country’s largest and oldest mill, closed last, in April 1987.9 There was talk
of reopening the plant in 1996,10 and it is possible it has been functioning intermittently
since then. Some of the remaining former refineries now produce small amounts of
low-quality rum for domestic consumption.11
Competitiveness
Haiti has 2.76 million hectares of land, of which 92,000 hectares are irrigated. 775,836
hectares (28.11%) are arable and 318,228 hectares (11.53%) are dedicated to permanent
crops.12 Barriers to biofuels production include poor infrastructure, particularly roads
for distribution and access to storage capacity. Haiti also suffers from extensive deforestation (97% of total land)13 and soil erosion. The climate is a mix of tropical and semiarid, and the terrain is rugged and mountainous, which has promoted soil erosion and
a lowering of the country’s water table. This in turn contributes to Haiti’s water shortages, which hamper any effort to rejuvenate the sugarcane industry. For these reasons,
the government is more focused on biodiesel production from oils and fats.
D) PRIVATE SECTOR
There is little official information on Haiti’s employment rate. Unemployment and underemployment are high, with unemployment rates for the formal sector reaching 6080%.14 The informal sector makes up the overwhelming percentage of the country’s
economic activity. The development of a biodiesel industry supported by the government could help bring additional workers and activity into the formal sector.
Because of Haiti’s political, economic and security issues, domestic investment capital
is scarce and attracting foreign investment, other than development aid, will be an
arduous task. As with many countries in the region, the state of the nation’s infrastructure, particularly roads, will be a significant obstacle to the development of any national biofuel industry, as road transport is the primary means of distributing the fuel.
In September 2005, the IDB approved a $12.6 million concessional loan, in addition to a
$50 million loan granted earlier in the year, to support repair of the country’s transport
infrastructure. Port repairs are to include dredging of the main channel, the repair of
piers, and the construction of a perimeter fence. There are also additional IDB loans of
$50 and $70 million respectively to improve rural roads and to fund small-and-medium size infrastructure projects.15 The World Bank also approved a $16 million loan for
a rural roads and territorial development project in fiscal year 2006.16 In the mediumto-long term, these activities could have a positive effect on Haiti’s ability to develop a
biofuels industry.
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E) RESEARCH & DEVELOPMENT
Information on Haiti’s R&D sector related to biofuels is unavailable. It is likely that any
future endeavors will include technical cooperation with Brazil.
F) CONCLUSION
Biofuels development in Haiti should focus on biodiesel, due to the weakness of the
sugarcane sector and the availability of certain biodiesel feedstocks in the country. Hai-
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ti’s frequent and sweeping blackouts also highlight the need to redesign or reformat
equipment for power generation so that it can employ biodiesel as a fuel source.
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Source: World Factbook

A) INTRODUCTION
Research suggests that biodiesel derived from palm is the most feasible and promising
alternative to conventional fuels in Honduras. The country’s natural resource endowment and industrial base provide a solid foundation on which to build a renewable
energy strategy. As of 2006, the government has announced an aggressive initiative
to invest significant political and public resources into the development of biofuels.
This political will, coupled with substantial international investment from Nicaragua
and Brazil, will help to reduce Honduras’ severe dependence on international fuel and
enhance the country’s global competitive position.

In April 2006, the President of Honduras, Manuel Zalaya, predicted that in five years
30% of domestic energy consumption would be from biodiesel.1 While no legislation
has yet been passed, the Honduran government has drafted a legal framework for the
promotion of biofuels. The Biofuels Production and Consumption Law, which was
submitted to the National Congress for discussion and approval on September 2006,
contains provisions for bioethanol, biodiesel, biogas and synthetic biofuels, defines registration procedures, controls and assigns benefits, and sets out penalties for failing to
comply with the regulations.2 The draft demonstrates the government’s determination
to engage in serious dialogue regarding the development of biofuels. The implementation of a sound legal and regulatory framework is essential in order for Honduras to
attract the necessary investment to transform its biofuel ambitions into reality.
CAFTA
Although many small farmers are demanding protection from increased US agricultural imports, the outlook for sugarcane growers is positive. Sugarcane growers are
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already benefiting as high oil prices increase demand for sugar as an ethanol input
(which has also helped to increase sugar prices).3 Under CAFTA, Honduran sugar
exports will benefit further from increased access to the US market. Coupled with the
Zelaya government’s recent initiative to promote the use of alternative fuels, including
ethanol, the prospects for cane growers appear positive.
Relations with Brazil
In April 2006, President Zelaya of Honduras met with President Lula of Brazil to deepen bilateral relations and intensify cooperation in various areas. Among other issues,
the leaders reiterated their support for the Protocol of Intention for Technical Cooperation
in the Area of Production Techniques and the Use of Ethanol, which had been signed by
both parties the previous September. Once Honduras solidifies a legal and regulatory
framework for biofuels, the countries can begin cooperating to develop specific, concrete biofuels projects.4
C) CURRENT SITUATION
Energy Matrix
Importing approximately 13 million barrels of oil a year, Honduras depends heavily
on external petroleum producers and remains vulnerable to international price fluctuations.
Table: 2.7a: Fuel Consumption in Honduras (millions of liters)

Source: UN CEPAL

According to UN CEPAL, the value of fuel imports to Honduras in 2002 was $395 million (25% gasoline and 45% diesel). The price of fuel in Honduras is regulated and
follows the prevailing international price. During that same period, the government
collected a fuel tax of 18%, down from 25%.5 Measures to reduce fuel prices were part
of the Zelaya presidential campaign. Now in power, the Zelaya administration is seeking to reform energy policy by reducing taxes and purchasing all imported fuel from a
single supplier, a measure they project will save $66 million annually. Regarding domestic energy policy, the Zelaya government intends to construct several hydroelectric
dams and aggressively pursue alternative energy initiatives for ethanol and biodiesel.
Biofuels Production
Despite the fact that Honduras’ agroindustry is one of the least developed in the region, nascent ethanol and biodiesel projects demonstrate the country’s capacity for
larger- scale production. Refineries such as CATV have installations suitable for distillation units to produce fuel ethanol.6 Pursuing higher earnings, refineries are seeking
to introduce flexibility into their processing by including ethanol and electricity from
cogeneration. Further, they are cognizant of the potential environmental impact of
ethanol production and are currently investigating means to compost and utilize byproducts as fertilizers.
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Structure of the Sugar Industry7
Honduran sugarcane production was 4.50 million metric tons per year in 2006, almost
reaching 2004’s level of 4.59 million. The yield per hectare was 79.6 metric tons, the
second-highest in the Central America region behind Guatemala. At present, the Honduras sugarcane industry is comprised of eight sugar refineries, seven of which had a
combined installed capacity of 42,000 tons per hour in 2006; those seven produced 8
million quintales (800,000 metric tons) of sugar annually, 49% of which came from the
sugar refineries and 51% from independent sugarcane farmers. Honduras exported
28% of the total to international markets.8
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Table: 2.7b: Processing Capacity of Honduras Sugar Refineries

Source: APAH9

Production is relatively well dispersed among the sugar refineries, and the industry
does not exhibit the same degree of concentration that exists elsewhere in Central
America.
Honduras is poised to commence ethanol production. The Chumbagua, La Grecia and
Tres Valles plants have initiated studies to produce ethanol, and are waiting on the passage of the biofuels law to install at least two ethanol distillation plants. These Producers have also initiated action to install new refineries in the Olancho region.
African Palm and the Production of Biodiesel9
While somewhat limited in its ethanol capacity, Honduras possesses significant experience growing and cultivating African palm for the production of biodiesel. African
palm is cultivated on approximately 89,100 hectares of land producing 1.28 million
tons of palm fruit; Honduras ranks sixth in the world in terms of area cultivated, behind Asian and Andean producers. Production of palm oil has more than doubled over
the last decade to reach 246,350 metric tons in 2006, 58% of which (142,360 metric tons)
was exported. There are 11 oil refining plants, which, in 2006, had a refining capacity
of 456 metric tons of oil per hour. These processing units employ 120,000 people.

Company

Location

Capacity
(metric tons/
hour)

Cressida Aguán

Tocoa, Colón

90

Agrotor

Tela, Atlántida

60

Aceydesa

Trujillo, Colón

45

Cressida Leán

Arizona, Atlántida

45

Coapalma

Trujillo, Colón

45

Hondupalma

Guaymas, Yoro

45

Caicesa

San Francisco, Atlántida

40

Agropalma

Trujillo, Colón

36

Palcasa

El Progreso, Yoro

30

Salamá

Trujillo, Colón

12

Imdisa

Jutiapa, Atlántida

8

Total

456

Source: Empresas Procesadoras 2005
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In early 2006, the Honduran Government proposed that the country commence a massive agroindustrial program for the production of biodiesel that would require $626
million of public and private investment and would help generate 100,000 direct and
200,000 indirect jobs. The goal is to seed more than 200,000 hectares with African palm
and ultimately produce more than 757.1 million liters (200 million gallons) of biodiesel, with funding coming from the Central American Bank for Economic Integration
(BCIE), the IDB, the IFC and local banks. The program seeks to incorporate 60,000
hectares of land in 2006 and increase production steadily over the coming years.10
In a separate project with BCIE, Honduras plans to import 1.5 million seeds from Malaysia to plant and harvest African palm. As early as April 2006, the country began to
import 50,000 seeds per month; however, there is currently talk of augmenting that
figure to 100,000 per month. They will be used by growers to re-seed 4,000 existing
hectares and seed an additional 3,000 hectares of newly-dedicated land.
Various government research studies indicate that Honduras possesses 500,000 to one
million hectares of unutilized land suitable for palm production in the regions of Atlántida, Cortés, Colón, Yoro, and Gracias a Dios.11
The country produces approximately 56,800 – 75,700 liters (15,000 - 20,000 gallons)
of biodiesel per day, and that production will be increased to 113, 600 (30,000 gallons
daily), more than 37.85 million liters (10 million gallons) per year, under the expansion
plans for this year. Of the current amount, 45,400 - 56,800 liters (12-15,000 gallons) of
biodiesel are produced from palm oil, with DINANT producing 22,700 liters (6,000
gallons) daily and Haremar Group of San Pedro Sula producing 11,350 (3,000) per
day. The remaining biodiesel production comes from fish oil, particularly from tilapia.
Aquafinca Saint Peter Fish produced 16,300 tons of tilapia or 12,300 pounds of fresh filet for export. Its biodiesel production capacity is 22,700 liters (6,000 gallons) per day.
Honduras initiated a pilot project, to be completed in December 2007, with the objective of testing 620 buses with different mixtures of biodiesel produced by Hondupalma, Dinant and Aquafinca. There are additional pilot projects in the pipeline for
biodiesel testing in buses. For biodiesel, the government provides technical assistance
through the Agro Science and Technology Directorate (DICTA) and the National Agrofood program (PRONAGRO). The private sector, however, has complete control over
productive activities.
Current production provides a foundation from which the country can begin to reduce
its dependence on foreign petroleum. According to Moisés Starkman, National Biodiesel Coordinator, Honduras imported 5.7 million barrels (239.4 million gallons) of diesel
in 2005 at a cost of $442.8 million.12 The government program has the potential to significantly enhance the country’s energy security, save millions in foreign exchange, and
ultimately enhance Honduras’ competitiveness. With the support of the government
and backing of progressive business leaders, the project may solidify Honduras’ place
among the global leaders in biodiesel production.
D) PRIVATE SECTOR
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Honduras is experiencing sustained growth in terms of foreign investment. The government has strengthened its judicial structure, worked hard to offer stable conditions
for investment, and emphasized having highly trained professionals in different industrial sectors. The new regulations imposed by CAFTA to protect investors are attracting substantial investment as the country grows, as protection for intellectual property
rights solidifies, and as working conditions improve.13
In October 2006, the president of the Association of Independent Banana Producers,
Arturo Castillo, announced that a group of Chinese investors would finance a $30 million project over a 20-year period to produce ethanol from yucca. The investors formed
an association with Honduran agricultural producers for the ambitious project, which
will commence operations within two years and will require 20,000 hectares of land.
According to studies conducted by the group, the investment in production and refin-
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ing capacity should ultimately yield 20 million liters of ethanol.14
In addition, Grupo Pellas, the Nicaraguan agroindustrial conglomerate, announced
that it will invest $150 million in Honduras, including the development of 31,000
hectares of sugarcane specifically for ethanol production.15 Along with Canadian and
American investors, Grupo Pellas is conducting feasibility studies for the project that
they anticipate will produce more than 100 million liters of ethanol and create 10,000
jobs in the region of Olancha.16
E) RESEARCH & DEVELOPMENT
The limited biofuels research being done today in Honduras is all sponsored by foreign entities. International organizations are sponsoring two agricultural studies for
biofuels feedstocks, one in the south with jatropha plants brought from Guatemala and
the other in Olancho, but neither has reached completion. Additionally, the Honduran
Foundation for Agricultural Research (FIHA) is working on a contract from a Dutch
company to test jatropha planted from seeds in the central zone of the country. This
project is also in the early stages, with an initial harvest due in the spring of 2007. There
is currently no funding available from the federal government for biofuels research
and universities have thus far not engaged.17
F) CONCLUSION
The government of President Zalaya appears determined to aggressively develop the
biofuels sector. Comprehensive legislation has been drafted, and the government is
focusing on palm oil and sugar. Exports of palm oil in 2004 reached $53.1 million and
sugar $13.8 million.18 Output is increasing and local producers appear to appreciate
the opportunities presented by biofuel. Further, the current investment climate in the
country is positive. Honduras is working with Brazil on ethanol technology cooperation and some limited, foreign-financed R&D is occurring domestically. Although
projections of potential cultivated acreage seem optimistic in the medium term, a sustained public/private effort, with outside support, could make Honduras a regional
leader in the efficient production of biofuels.
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2.8 JAMAICA

Source: World Factbook

A) INTRODUCTION
Jamaica is the largest English-speaking island in the Caribbean and one of the most energy-intensive countries in the region. It relies heavily on petroleum imports and has
not taken full advantage of its renewable energy capabilities. However, there has been
recent activity in the biofuels sector, including partnerships with Brazil and new legislation to replace MTBE with ethanol as a gasoline additive. Jamaica’s state oil company,
Petrojam, is active in both international petroleum and biofuels ventures and will likely
be a key player in the development of the country’s renewable fuels sector.
B) GOVERNMENT POLICIES
Jamaica’s 1995 Energy Plan aimed to ensure stable, sufficient supplies of energy; to
diversify its energy matrix; to minimize the environmental impact of its energy sector;
and to develop a regulatory framework that was beneficial to all stakeholders. Many
of these objectives were achieved, but weaknesses remain in the areas of diversified
sources of energy and the promotion of renewable fuels production and use.1 New
energy policies will need to focus on these issues to address the country’s dependence
on foreign sources of energy and the resulting financial burden.

The government is planning to phase out MTBE as an oxygenate additive and replace
it with 10% ethanol beginning in the third quarter of 2006.3 It also plans to introduce a
biodiesel and petroleum diesel blend, beginning with 2% for the first three years and
increasing to 5% over six years.4 A green paper written about Jamaica’s energy policies
for 2006-2020 recommends the gradual increase of ethanol in the blend to 15% within
a five-year period. It also suggests that the government promote hybrid and flex-fuel
vehicles.5 As an overarching measure, the government will establish a Center of Excellence to facilitate the development of a thriving renewable energy sector.6
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According to the Jamaican Ministry of Industry, Technology, Energy and Commerce,
some of the top priorities for Petrojam in fiscal year 2005/2006 were to bring cleaner energy and energy technology to Jamaica to support energy diversification, conservation
and environmental impact policies, and to help achieve a redistribution of the nation’s
energy matrix to include more renewable energy sources. The government’s efforts
will include accelerating the Jamaica Energy Sector Policy, developing a strategy for cogeneration, and promoting the development of a domestic and export-oriented ethanol
market. The government also plans to create an Energy Fund, which could potentially
support biofuels development projects, and to embark upon a consumer education
campaign to promote the use of renewable energy as well as conservation.2
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Caribbean Basin Initiative
Under the Caribbean Basin Initiative (CBI), Jamaican exports of ethanol are permitted
duty-free access to the United States up to 7% of US production, with rules-of-origin
stipulations that allow for additional exports. This means that Jamaica, along with
other members of the accord, would be prime destinations for external countries wishing to tap into the US ethanol import market. Brazil has been one of the countries to
take advantage of this opportunity.
Relations with Brazil
In May 2005, Jamaica signed a letter of intent with the Government of Brazil for technical cooperation in sugar and ethanol production. According to the document, the
two countries have committed to providing mutual support for the development of
Jamaica’s sugar and ethanol sector with the goal of increased production.7 The Jamaican government is also cooperating with the Coimex Trading Co. of Brazil to produce
ethanol for export to the United States (see Private Sector for more information).
C) CURRENT SITUATION
History
Jamaica first began producing ethanol from sugarcane in the 1980s, but its attempts
had failed by the 1990s. Petrojam, however, continued to produce ethanol from surplus European wine alcohol in cooperation with ED&F Man, a London-based commodities distributor, until Europe launched its own biofuels programs.8
Tropicana, a subsidiary of the California-based firm, established Jamaica’s first ethanol
plant in the early 1980s. The plant constituted an investment of roughly $23 million,
and it was by far the largest investment for Jamaica, or the Caribbean, under the auspices of the CBI. Within a year, the plant’s output reached roughly 75 million liters,
which were to be exported entirely to the US. In 1987, the Jamaican government arranged for Belize to supply sugarcane for its ethanol processing.9
After wine exports from Europe ceased, Jamaica turned to Brazil for the feedstock
needed to produce ethanol. In 2004, Petrojam Ethanol Limited, a wholly owned subsidiary of Petrojam, arranged a corporate partnership with the Brazilian firm Coimex
which resulted in the resumption of ethanol production.
Energy Matrix
Jamaica’s bauxite and aluminum sectors use large amounts of energy and make the
Caribbean island one of the most energy-intensive countries in the region. Jamaica
has a very limited domestic energy supply and does not use significant amounts of
renewable energy, such as wind, solar, or biomass. The country is therefore heavily
dependent on primary energy imports. Oil makes up an overwhelming percentage of
the island’s energy use [Chart 2.7a], and 37% of that oil goes to the aforementioned sectors. Transportation makes up another 24% of oil consumption [Chart 2.8b]. In 2004,
the Jamaican government spent roughly $1 billion importing petroleum.10
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Chart 2.8a: Jamaica’s Energy Matrix (2003)
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An investment analysis of the Jamaican energy sector shows that more than $1.5 billon
will be needed over the next six years to implement the government’s overall energy
strategy, including the development plan for biofuels. This total is in addition to the
roughly $250 million needed to replace aging electricity plants.12

Ethanol Production
Jamaica’s ethanol production rather than relying on domestic feedstock, is today exclusively focused on the dehydration of Brazilian ethanol for sale to the US market. The
country processed 22 million liters in 2005, down from 25 million the year prior. There
are two production facilities owned by ED&F Mann which have a combined output of
197 million liters. The third plant, under refurbishment by Coimex and Petrojam, will
have a capacity of 150 million liters, to be expanded to 300 million and then 370 million
liters in the short- to medium-term.15
Structure of the Sugar Industry
Jamaica’s sugar industry, which has been in a state of decline for a long period, is cur-
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Production
Jamaica currently produces considerable crops of sugar and castor oil, both of which
can be used for the production of biofuels. In 2004, Jamaica produced 2.1 million tons
of sugarcane and sugar crop from 48,000 hectares.13 Jamaica’s castor-oil crop grows
wild, so exact land use is not available.14
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rently undergoing a process of restructuring.16 The industry depends almost entirely
on protected and guaranteed markets through preferential agreements with the EU;
indeed, the price received for its raw sugar is more than twice that prevailing on world
markets. Not surprisingly, production costs are far from competitive on the world
market or even against Jamaica’s direct co-producers from other ACP (African, Caribbean and Pacific) countries. Part of the industry upgrade will include systems for
cogeneration, both to power the plant and to sell any excess to the national power grid,
an upgrade that should improve the sector’s production efficiency.
There are seven sugar refineries of varying sizes in Jamaica. The industry’s daily processing capacity is 22,400 tons [Table 2.7a]. With its current capacity, the sugar industry can process 2.1 million tons of sugarcane in almost 94 days. If 19,000 hectares
are added, as has been suggested, at a yield of 60 tons of cane per hectare,17 the total
additional sugarcane crop yield would equal 1.14 million tons, a 54.3% increase over
current crop outputs. This would take over 144 days to process, a very tight schedule
when maintenance, vacation, and repair time is considered. Additional capacity expansion will undoubtedly be necessary, particularly if sugar is to be made a feedstock for
ethanol production.
Table 2.8a: Capacity of Jamaica’s Sugar Refineries

Source: Loy and Coviello18
Table 2.8b: Sugarcane and Derivative-Product Production Statistics
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Source: Loy and Coviello19
Biodiesel Production
Information on Jamaica’s biodiesel production capacity is not readily available. As the
government is planning to introduce biodiesel in the near future, it seems likely that
any production would be on a small scale, possibly through a pilot program.
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Competitiveness
Jamaica is comprised of 1.08 million hectares of land, of which 25,000 hectares are irrigated, 15.83% is arable, and 10% is dedicated to permanent crops.20 The competitiveness of a Jamaican biofuels industry will depend, in part, on the restructuring of the
sector, and also on the ability of the government to attract investment and participation
in the sector. In addition to expanding the necessary infrastructure for production, the
government must urgently address the country’s dense road network, which frequently falls into disrepair during and after the rainy season.21 An adequate road network
is essential to the transport of biofuels from production facilities to ports for export as
well as domestic distribution.
Level of domestic consumption
According to a report by the United Nations Economic Commission for Latin American and the Caribbean (ECLAC), gasoline consumption in Jamaica’s transport sector
reached an estimated 715.4 million liters (4.5 million barrels) in 2004. With an annual
gasoline consumption growth rate of 4%, demand for ethanol could reach 90.6 million
liters (0.57 million barrels) in 2010. Based on current industry yields of roughly 60 tons
of sugar cane per hectare, the farming of an additional 19,000 hectares (more than 50%
above the 2003 level of 30,600 hectares [Table 2.7b]) would be required to cover future
domestic ethanol demands based on a 10% blend. This would also save the Jamaican
government $20 million on MTBE imports.22
Exportation
In total, Jamaica exported 137.4 million liters to the United States.23 Since the refurbishment of its ethanol processing plants, Petrojam Ethanol has exported 70 million liters
of the renewable fuel to the US.24 Information on the percentage of exports that are
transshipment is not readily accessible.
D) PRIVATE SECTOR
The government has put forth a number of projects to jump start its ethanol industry.
A particularly significant one is a $7.5 million joint venture between Petrojam and the
Brazilian firm Coimex, which operates as the supplier and imports hydrous ethanol
feedstock from Brazil. Petrojam processes the feedstock into ethanol, which is then
exported duty-free to the US.25 The joint project is slated to produce more than 151.4
million liters (40 million gallons) of ethanol annually. Another $10 million ethanol
plant was commissioned in 2005 to produce fuel, using Brazilian feedstock, for export
to the US. Petrojam also anticipates the 2006/2007 construction of a pilot plant for the
introduction of ethanol into gasoline, with investments of just over $300,000 (J$ 20 million).

The Jamaican government has decided to establish an Energy Fund as a limited liability company to function as a wholesaler for energy projects without getting directly
involved in lending. The Fund will seek to raise $25 million over the next five years for
energy efficiency and small-scale renewable energy projects. In addition to $300,000
(J$20 million) in local start-up financing, a $10 million loan will be acquired from the
Petrocaribe Development Fund.27 The Fund seeks to develop a market for the financing of these types of projects, including through private investment, and its operations
will be outsourced to the Development Bank of Jamaica.
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Outside of the government, the Jamaica Broilers Company has said it will begin construction on an ethanol dehydration plant in the country’s central region. The company, Jamaica’s leading poultry supplier, anticipates an initial capital expenditure of $17
million and hopes to be operational by May 2007. Dedini, a Brazilian ethanol technology company, will provide construction expertise and equipment for the plant, which
will produce 227.1 million liters (60 million gallons) of fuel-grade ethanol per year.
Jamaica Broilers also recently commissioned a cogeneration facility, which provides
electricity for the company’s manufacturing projects and for sale to the Jamaica Public
Service Company. The anticipated revenue for the ethanol plant is $74 million (J $4.5
billion), nearly half of the company’s reported revenue for 2005.26
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E) RESEARCH & DEVELOPMENT
Petrojam began a pilot project in May 2006 which researches the most suitable ethanolgasoline blend to be used in Jamaica’s transportation fleet. The project employs motor
vehicles from the Petrojam Group and the Ministry of Industry, Technology, Energy
and Commerce.28
There are also other entities which conduct research in the field of agriculture, particularly sugarcane and associated processes:
• Jamaica’s Department of Science, Technology and Research, under the Ministry of
Agriculture, conducts research on crops through its Agricultural Research and Development Division.
• The Sugar Industry Authority of the Sugar Industry Research Institute, a non-profit,
specifically focuses on research for sugarcane and sugar processing.
• The University of the West Indies, Mona has several departments that conduct agricultural research, including its Centre for Environment and Development and its
Biotechnology Centre. The university also offers a course entitled “Biotechnology of
Industrial Ethanol Production.”
F) CONCLUSION
The revitalization of the Jamaican sugar industry will likely go a long way towards
boosting its ethanol production capabilities. The country has also developed an ideal
relationship with Brazil in terms of partnership in production ventures and technology transfers. Jamaica is a good model of how to develop an ethanol industry in the
Caribbean.
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2.9 NICARAGUA

Source: World Factbook1

A) INTRODUCTION
According to the World Economic Forum Global Competitiveness Report, Nicaragua
ranked 95th out of 125 countries in economic competitiveness in 2006.2 While the country advanced slightly from its 96th ranking in 2005, Nicaragua continues to struggle
to integrate itself in the global economy. One of the Western Hemisphere’s poorest
countries, Nicaragua suffers from severe income inequality, underemployment, slow
growth, and inflation. As a result of the recent spike in international oil prices, Nicaragua’s oil import bill increased to more than twice the amount the country received
in debt relief. Consequently, there is a strong impetus in the country to identify and
develop alternative fuel sources to reduce its vulnerability to external oil shocks and
improve the country’s economic performance.

While Nicaragua’s sugar industry ranks third in the region, the country has allocated
few of these resources to the production of ethanol. Rather, the industry has historically dedicated its sugar refineries and distilleries to the production of alcohol for human
consumption, primarily rum and other alcoholic beverages. Initiatives for the production of fuel alcohol have not been directly integrated into industrial sugar production.
Diverting productive resources away from liquor toward fuel alcohol would require
adequate legislation and incentives specifically designed to foster the development of
biofuels. According to estimates by UN CEPAL, the imposition of a 10% alcohol fuel
blend for gasoline would require a $15 million investment.3 At present, there is no
domestic consumption, and incentives for production are few.
While limited, a foundation for both ethanol and biodiesel does exist, and the development of ethanol and biodiesel would contribute to the diversification of Nicaragua’s
economy, diminish vulnerability to international sugar price volatility, and potentially
create a sustainable industry capable of contributing significantly to national income
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In an effort to enhance its competitive position, Nicaragua has made concerted efforts
to integrate itself commercially with its Central American neighbors and capitalize on
regional export markets for primary exports, including coffee and sugar.
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over the medium to long term. However, the country requires a sound regulatory and
institutional framework to attract substantial investment and sustained international
support.
B) GOVERNMENT POLICIES
Despite the fact that Nicaragua utilizes ethanol for the production of liquor and alternative fuels, no legislation is currently in place to regulate ethanol. However, in July
2006, the President of Nicaragua issued Decree No 42-2006, which declared that the
production of biofuels and bioenergy is in the nation’s strategic interest. The decree
charged the Ministry of Agriculture and Forestry with formulating a “National Biofuels and Bioenergy Plan” to promote a more positive investment climate. This plan
lays out arrangements for an initial cultivation of 200,000 hectares of African palm, and
commits additional land for the planting of castor, jatropha, and corn. The expansion
of these crops will promote the establishment of extractive, refining, and distilling industries. The program will be designed in order to incorporate small-and-medium size
producers to create alliances with processing plants and develop quality standards.4
Further, the decree provides for the creation of a special commission comprised of the
Agriculture and Forestry ministry to develop and articulate a national plan for biofuels
and bioenergy.5
The Instituto Interamericano de Cooperación para la Agricultura (IICA) took steps to
assist in the implementation of the Presidential Decree. The IICA has helped identify
areas with potential for cultivating the African palm, and made contacts with investors,
producers, and businessmen to discuss the plan. In addition, the IICA brought representatives of the Honduran company DINANT (which has significant biodiesel experience) to Nicaragua to interact with local officials. According to IICA estimates, there
are more than two million hectares ready for the seeding of African palm. Based on
2005 consumption, substituting for all diesel imports would require 167,000 hectares.6
Challenges
According to an IICA report7, Nicaragua faces three challenges with respect to the development of a competitive ethanol industry. The primary obstacle is a significant lack
of political will; while the government recently released the aforementioned decree for
biofuels, the state must become more actively engaged in promoting and developing
the industry. Second, Nicaragua suffers from a chronic shortage of resources available for ethanol production. In order for a biofuel industry to be viable, the country
would require significant investment in industrial processing plants and would need
to guarantee investors the availability of primary materials and a lucrative market for
their product. The third challenge enumerated by IICA is the significant bargaining
power of large oil companies that strongly oppose the introduction of ethanol into
commercial fuels.
While these challenges are significant, they are not insurmountable. The effort requires
a clear legal and regulatory framework for biofuel investments as well as incentives to
producers, investors, and relevant stakeholders. Also fundamental is active engagement by public and private entities to facilitate private investment. The IICA asserts
that the conditions for biofuel success in Nicaragua include: cooperation among entities along the production chain; the creation of economies of scale; a sound strategy for
marketing and sales; the formalization of markets; observance of regulations within the
market; and identification and integration of commercial contacts.
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Relations with Brazil
In 2005, Brazil signed an agreement with a number of Central American countries, including Nicaragua, entitled Protocol of Intentions on Cooperation in Technical Areas for the
Production and Use of Ethanol.8
C) CURRENT SITUATION
Energy Matrix
Although nearly half of Nicaragua’s energy supply is derived from renewable sources,
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the country remains extremely dependent on oil imports and vulnerable to volatile oil
prices. The cost of Nicaragua’s oil imports has risen steadily over the last three years,
from $141 million in 2002, to $196 million in 2003, and then to $236 million in 2004.9
High oil prices helped drive inflation to 9.6% in 2005, leading to a fall in real GDP
growth to 4% from more than 5% in 2004.10 Nicaragua’s vulnerability to oil prices creates a natural incentive for government and industry officials to investigate alternative
sources of fuel for domestic consumption.
Chart 2.9a: Nicaragua’s Energy Matrix

Renewables &
Waste: 49.9%

Geothermal/Solar/
Wind: 7.5%

Oil: 41.8%

Hydro: 0.8%

Source: IEA11

Nicaragua is the third-largest sugar producer in Central America, after Guatemala and
El Salvador. The sugar industry in Nicaragua is dominated by four large processing
companies, which processed a total of 4.98 million tons of sugarcane in the 2003-2004
season, producing 468,700 tons of sugar. While the country ranks third in total sugar
production for Central America, data from the National Committee of Nicaraguan
Sugar Producers indicates that production is actually declining.
Table 2.9a: Indicators of the Sugarcane Industry in Nicaragua

52.8
52.3
54.9
52.0
40.2
41.2

3,720.2
3,409.7
3,773.8
3,458.2
3,137.7
3,112.2

360.4
335.1
406.8
388.4
334.0
333.4

70.4
65.1
68.7
67.1
78.0
75.5

96.9
98.3
107.8
111.5
106.5
107.1

From available sugar, the industry is able to produce 50 million liters of alcohol per
year. In 2003, Nicaragua exported 11.2 million liters of alcohol, generating revenues
of $3.75 million.13 However, the majority of the alcohol was absorbed by the country’s
rum industry and not converted to ethanol fuels.
Structure of Agricultural Industry and Limits on Ethanol
Sugar production in Nicaragua is highly concentrated among four major producers,
with the largest, Ingenio San Antonio, accounting for 55% of all production.14
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Table 2.9b: Processing Capacity of Nicaraguan Sugar Refineries
Capacity
Refinery
San Antonio
Monte Rosa
CASUR
Montelimar
TOTAL

(ton/day)

14,515
6,350
3,175
2.268
26,309

Production Period
02-03 (thousand tons)
1,751
1,020
215
116
3,102

Source: UN CEPAL15
At present, only two alcohol refineries are operational in Nicaragua and both are dedicated to the production of alcohol for alcoholic beverages.
The “Compañia Licorera de Nicaragua”, founded in 1890, is the only entity in Nicaragua capable of producing and exporting ethanol. The plant has the installed capacity
to produce 55 million liters a year, 20 million of which are exported and 2 million aged.
The remaining 33 million liters are utilized in rum production both for domestic consumption and for export.16
The Pellas Group owns Compañia Licorera and Ingenio San Antonio and is the most
powerful economic entity in Nicaragua. Other firms have had difficulty entering the
market due to extremely high barriers to entry including significant investment costs
for machinery and equipment. Given the concentration within the industry, the Pellas
Group exerts a certain degree of monopoly power, although it does encounter some
domestic competition from other regional producers. The industry concentration
does, however, put the Pellas Group in an advantageous position to reinvest a percentage of its profits into ethanol production for biofuels. The Group has recognized
this opportunity, and Compañia Licorera is currently developing a sustainable energy
strategy for 2010.17
CAFTA and Regional Trade Initiatives
As discussed previously in this report, under CAFTA, Central American countries will
continue to enjoy the tariff-free access to the US market that they currently enjoy under
the expanded Caribbean Basin Initiative.
Nicaragua’s ethanol exports are primarily directed to the European Union and Holland, where they incur a tariff of 10.2 euros per 100 liters under Most Favored Nation
status. However, in 2002 the EU granted tariff-free/value added treatment to the countries of Central America, the Andean Community, Panama, and Pakistan to reward
their efforts in fighting drug trafficking.18 Nicaragua and other Central American countries stand to gain considerably from their preferential trade status with the Europe as
the EU’s demand for biofuels continues to increase.19
Despite the decreases in total sugar production outlined above, Nicaraguan ethanol
exports have demonstrated consistent growth over the last four years, increasing in
value from $2.6 million in 2000 to $6.0 million in 2003.20
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Table 2.9c: Nicaragua: Exports of Ethanol Alcohol 2000-200321

Source: UN CEPAL22
The production and export potential for ethanol is therefore considerable, but it will
be driven almost entirely by global demand; at present, there is no domestic consumption and incentives for production are limited. Significant investment in equipment,
technology, and resources must come from both national and international sources if
ethanol production in Nicaragua is to achieve sustainable scale.
D) PRIVATE SECTOR

Nonetheless, this year, the Pellas Group, owner of Compañia Licorera de Nicaragua
and of Ingenio San Antonio, invested $4 million to launch large-scale production of
ethanol. According to the firm, by the end of 2006 they should be able to produce
enough ethanol to supply the domestic market with a 10-15% blend.24 Similar investments coupled with clear and enforceable government policy could meaningfully contribute to the growth of the sector and provide some relief from high oil prices.
E) RESEARCH & DEVELOPMENT
Beginning in 1989, Nicaragua’s National University of Engineering and Petronic, the
state-owned oil company at that time, conducted research on substitutes for diesel
derived from vegetable oil. The Austrian government provided significant financial
support for this initiative, including a $1.8 million donation with the firm of Sucher &
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Upon taking office in 2002, President Enrique Bolanos placed a high priority on attracting and maintaining international investment. The current administration has made
efforts to achieve $5.1 billion in debt relief, signed the CAFTA agreement, and promoted the country overseas through the investment promotion agency ProNicaragua.
While Nicaragua’s investment climate is steadily improving, factors such as political
instability, lack of infrastructure, and corruption continue to discourage investment.23
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Holzer GmbH advising the program. After promising results, a project was launched
to cultivate 1,000 hectares of jatropha. In 1993, the Nicaraguan Institute of Energy and
Sucher & Holzer GmbH signed an agreement to create “the basis for the industrial
processing of the jatropha, obtaining biodiesel.” The project was technically detailed
and included an economic analysis suggesting that all preconditions for the project
were favorable. However, industrial and agricultural processes were not properly integrated, weakening project performance. Despite difficulties and disappointing results
in biodiesel production, significant advances were made in terms of human resources
and technological know-how.25
Further agricultural research is being conducted to enhance agriculture knowledge
with particular emphasis on entomology, varietals, plant management, harvesting
technology, genetic engineering, management, and processing. Additional research
is being conducted by the National Universities of Engineering in Managua and the
National Autonomous University in León.26
E) CONCLUSION
While limited, a foundation for both ethanol and biodiesel does exist and the development of ethanol and biodiesel industries would contribute to the diversification of
Nicaragua’s economy, diminish vulnerability to sugar price volatility, and potentially
create a sustainable industry capable of contributing significantly to national income
over the medium to long term. The government has acknowledged the economic potential of biofuels and recognized that development of this sector is in the country’s
strategic interest. In order for the nascent industry to take root, producers will need
to coalesce to create economies of scale and design viable and integrated business and
market strategies for biofuels. Domestic organization will require the establishment
of a sound regulatory and institutional framework to attract substantial investment,
technology transfer, and sustained international support.
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Source: World Factbook

A) INTRODUCTION
Unlike its neighbors, Panama’s comparative advantage does not lie in the agricultural
sector but rather in its well-developed services sector, which accounts for three-fourths
of GDP. Services include operating the Panama Canal, banking, the Colon Free Zone,
insurance, container ports, flagship registry, and tourism. The country’s limited sugar
and palm production severely restrict its ability to efficiently produce significant quantities of ethanol or biodiesel feedstock. As a consequence, the country lags significantly behind other Central American countries in biofuels development.
Before 2002, Panama had not developed, or even entertained, proposals for the development of a domestic biofuels industry. Oil prices in Panama have been among the
lowest in Central America, and government officials saw little reason to enact binding
biofuels legislation. However, as international oil prices have risen and world attention has turned to renewable energy, Panama has engaged in meaningful dialogue and
attracted international organizations, energy companies, and investors to the country
to participate in a series of biofuels conferences and workshops. While Panama’s low
sugar and palm production present significant barriers to the development of a domestic biofuels industry, Panama may capitalize on its strategic geographic location and
become a biofuels hub for Brazil and other renewable energy exporters.

Due to an underdeveloped agroindustry and a lack of political will, Panama has not
yet proposed enforceable biofuels legislation. In October 2002, draft legislation was
introduced that would have prohibited the use of MTBE and required that all automotive gasoline contain at least a 10% bioethanol blend utilizing ethanol produced from
renewable sources in Panama. A provision of the legislation stated that the percentage
of bioethanol used in gasoline would not be treated as fuel and, as such, would not be
taxed.1 The Legislative Assembly did not consider the tax exemption feasible and, as a
consequence, the project failed. While the Assembly agreed that there should be no restriction on the use of ethanol as an additive, the package was deemed too ambitious.2
This setback aside, the country has engaged in serious dialogue with international actors experienced in biofuels, signaling that Panama is seeking to diversify its energy
balance. Panama recently hosted a series of international biofuels conferences that
brought together experts in biofuels technology and carbon-market development.3 In
this context, the Ministry of Commerce and Industry has debated whether to develop
a domestic industry or import ethanol for refining and re-export. Local production of
ethanol would generate greater income and employment over the long term than mere
ethanol dehydration, but such a course would require a significant increase in sugar-
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cane cultivation for the provision of feedstock to refineries.
According to the Ministry of Commerce and Industry, Panama is currently conducting
an analysis of the resources available for biofuels production and identifying the appropriate mechanisms and incentives to create consensus among various stakeholders.
In addition, the government is drafting a legal and regulatory framework to guide biofuels development and attract foreign investment. Incorporated in this plan is a pilot
project for the use of ethanol in gasoline.4
Relations with Brazil
Panama and Brazil are combining their strengths to create a center for the global distribution of biofuels. Panama is looking to Brazilian expertise for a technology transfer
program that would introduce local biofuels production. More importantly, Panama’s
strategic location with access to the Atlantic and Pacific Oceans would be particularly
valuable for Brazil’s global ethanol exports. Panama could become a bioenergy hub,
processing and distributing biofuels from Brazil for export to the Far East, Europe, and
the west coast of the US. According to the Panamanian Minister of External Relations,
Samuel Lewis, the zone is tax free in the Caribbean, and Panamanian ports process a
large volume of products for redistribution, especially equipment from Brazil.5
Brazilian businessmen traveling to Panama representing the construction, agroindustry, automotive, aeronautics, food, cosmetics, textiles, telecommunications, renewable
energy and petroleum industries met recently with President Martín Torrijos Espino
to discuss opportunities for renewable energy and other investments.6 While Brazil is
particularly interested in the establishment of a biofuels exporting zone, various other
Brazilian infrastructure companies operate in Panama and have commercial interests
in the expansion of the canal.
C) CURRENT SITUATION
Energy Matrix
As evidenced by the graph below, the Panamanian economy depends heavily on imported oil and has yet to significantly incorporate renewable sources into its total energy mix.
Chart 2.10a: Panama’s Energy Matrix
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Source: Ministry of Environment and Energy7
After the closing of the Colón refinery in 2003, Panama’s domestic fuel market has
been completely supplied by imports, which cost $492 million in 2002.8 Fuel prices in
Panama are regulated and roughly track prices along the US east coast. The sectors
utilizing the greatest percentage of oil energy include electrical generation (18%), industry (27%), and transport (43%).9 The domestic supply of primary sources of energy
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has decreased to 10.6% while consumption has steadily increased.10
Structure of the Sugar Industry
The Panamanian sugarcane industry is the smallest in Central America. Four sugar
refineries processed 2.56 million tons of cane and 153,700 tons of sugar in 2003-2004.11
According to investigations conducted by UN CEPAL, the Panamanian agroindustry
would have difficulty expanding enough to make ethanol production feasible.12 As
illustrated by the data below, Panama sugarcane producers averaged around 50 tons/
hectare from 2000-2004, the lowest yield in Central America.
Table 2.10b: Yield per hectare (tons/ha), Sugar cane and Sugar crops

Source: FAO STAT13
The land area utilized for sugarcane has decreased steadily as has sugar production
[Table 2.9c].
Table 2.10c: Indicators for Panama’s Sugarcane Industry

36.4
34.5
25.4
25.4

1,788.5
1,789.0
1,440.6
1440.6

133.7
133.7
133.7
113.4

49.2
51.9
56.8
56.8

75
75
93
79

Source: UN CEPAL14

Biodiesel Production
Panama’s biodiesel potential is also limited given low production levels of palm and
other seed oils.

Costa Rica
Dominican Republic
El Salvador
Guatemala
Honduras
Nicaragua
Panama

2000
18.50
15.30
0.00
22.76
18.75
26.50
10.36

2001
18.60
15.30
0.00
20.29
19.67
26.50
10.17

2002
18.30
15.35
0.00
23.88
16.64
26.50
10.09

Source: FAO STAT15
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2003
22.63
15.35
0.00
23.60
23.33
24.32
10.17

2004
18.62
15.34
0.00
30.37
25.22
24.35
10.12
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Some potential does exist for sugar refineries to utilize bagasse to improve their energy
balance and to mechanize the harvesting process. The incorporation of new technologies and innovations could enhance the country’s potential for renewable fuels, but
Panama has yet to make those improvements a priority.
D) PRIVATE SECTOR
While there has been limited activity in the development of a sustainable domestic
biofuels industry, foreign ethanol producers and investors see Panama primarily as an
ethanol hub or a redistribution center for renewable fuel exports.
E) RESEARCH & DEVELOPMENT
Currently, the Panamanian government is conducting a number of studies to assess
renewable energy potential, including hydro, wind, solar, biomass, ethanol, and
biodiesel. A government-sponsored pilot project for ethanol seeks to implement a
10% ethanol blend by 2008. It is anticipated that the project will require one million
tons of sugarcane, 16,800 hectares of land, a processing capacity of 24 million gallons,
and an investment of US$100 million.16 In addition, the government seeks to expand
palm production, which has been concentrated in the Chiriquí province, to Colón and
Darién and has undertaken a substantial public awareness campaign to promote renewable energy initiatives within the country.
F) CONCLUSION
Despite the fact that Panama does not possess the desired preconditions for either ethanol or biodiesel industries, the country has engaged in meaningful dialogue and attracted international organizations, energy companies, and investors to participate in
a series of biofuels conferences and workshops. Panama’s Ministry of Commerce and
Industry continues to promote the economic and strategic importance of renewable
energy. However, given the country’s limited agricultural production and capacity,
a domestic industry appears neither efficient nor sustainable. Various indicators suggest that Panama may instead capitalize on its strategic location and become a biofuels
hub, providing final processing and exporting services for Brazil and other renewable
energy exporters.
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2.11 TRINIDAD &TOBAGO

Source: World Factbook

A) INTRODUCTION
The island nation of Trinidad changed hands between the French, Dutch and British
22 times before 1803, when Britain finally retained control. Trinidad and Tobago were
consolidated into a single colony in 1888, gaining full independence in 1962 and joining
the British Commonwealth shortly thereafter.1 During the colonial period, Trinidad’s
economy thrived on sugarcane and cocoa production; today, the two-island nation’s
economy rests on oil and gas. The nation’s sugar industry has struggled recently, and
it remains to be seen whether the country can form strong enough linkages between its
energy and sugar industries to support a domestic ethanol industry.

There is currently no legislation regarding biofuels production or use, and the nation’s
energy policy focuses on oil and gas. There is, however, recognition of the growing
interest in biofuels globally and the country’s unique potential as part of the Caribbean
Basin Initiative to become a processor and potentially a producer of ethanol for export
to the United States. The government views biofuels as as a strategic opportunity,
and it has identified the need for research to increase sugarcane production and sugar
yield as well as to attract private-sector participation in sugarcane cultivation, which is
dominated by the public sector.2
Caribbean Basin Initiative
Under the Caribbean Basin Initiative (CBI), Trinidad & Tobago’s exports of ethanol are
permitted duty-free access to the United States up to 7% of US production, with additional rules-of-origin stipulations that allow for additional export volumes.
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Relations with Brazil
Trinidad & Tobago has not signed any formal cooperation agreements with Brazil since
the late 1970s.3 Brazil has actively engaged countries in the Latin America/Caribbean
region, however, and there is no reason why collaboration between the two would
not be possible. Trinidad’s sole ethanol production plant currently imports sugarcanebased alcohol as feedstock from Brazil (see below).
C) CURRENT SITUATION
Energy Matrix
Trinidad & Tobago has been able to transition from being an oil-based economy to a
gas-based economy, although oil production, processing, and export remain important
to the nation’s economy.
Chart 2.11a: Trinidad & Tobago’s Energy Matrix (2003)

Renewables &
Waste: 0.2%
Oil: 9.8%

Gas: 90.0%

Source: International Energy Agency4

Trinidad & Tobago’s most abundant natural resources are asphalt, natural gas, and
petroleum. In 2004, the energy sector contributed roughly 34.1% of GDP and 37.1%
of government revenues. It also constituted 85.5% of total merchandise exports. As of
January 2004, the nation had 756 million barrels of proven oil reserves and 18.8 trillion
cubic feet of proven gas reserves. Production for 2004 averaged 122,902 barrels per day
(bbl/d) of oil and 2,934 million cubic feet per day (Mcf/d) of natural gas. Oil production
for 2005 was estimated to reach 150,000 bbl/d. Natural gas production was to increase
to 3.11 Bcf/d and gas sales were to be 2.99 Bcf/d in 2005 as well.5 Trinidad is also the
fifth largest liquefied natural gas (LNG) producer in the world and the second largest
in the Atlantic Basin.6
Table 2.11a: Trinidad & Tobago Petroleum Reserves (as of January 2004)
Crude Oil (million barrels)
Natural Gas (trillion cubic feet)

Proved
756
18.8

Probable Possible
358
1644
8.6
5.9

Source:: Ministry of Energy & Energy Industry
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Notwithstanding its large reserves, the country must import crude to maintain optimal usage of its sole refinery, located at Pointe-a-Pierre. The refinery is owned by
PETROTRIN, the state-owned oil company, and has a capacity of 175,000 bbl/d7 In
2004, oil imports constituted roughly 60% of refinery throughput, or 22.5 million barrels, the majority of which came from South America (Brazil, Colombia, and Venezuela) and West Africa. Trinidad & Tobago also imports crude from Barbados for refining
under a processing agreement.8
The country’s two main power generation companies are PowerGen and Trinity, both
of which are currently trying to expand their generating capacity to meet the demands
of the nation’s energy-intensive industrial sector.9

A Blueprint for Green Energy in the Americas

2.11 TRINIDAD &TOBAGO
Current Production
The two islands that comprise Trinidad & Tobago have a total area of 512,800 hectares,
4,000 of which are irrigated. There are also roughly 75,000 hectares of arable land
(14.62%) as well as 47,000 hectares devoted to permanent crops (9.16%).10 It is estimated that there are 4,000 sugarcane farmers in Trinidad & Tobago and over 16,000
hectares (40,000 acres) of private land on which sugarcane is grown.11
Ethanol Production
The Trinidad Bulk Traders Limited (TBTL), a subsidiary of liquor company Angostura
Holdings Limited (AHL), was created to operate as an ethanol facility in Point Fortin
(plans were announced in October 2004). With a capacity of nearly 190 million liters
(50 million gallons) per year, the facility required a capital expenditure of $11.3 million
(TT $70 million); because the company laid the proper groundwork, the plant’s capacity can be doubled with modest additional investment. The plant also has a 15-year
lease with PETROTRIN to use its port facility to import sugarcane-derived hydrous
ethanol from Brazil as feedstock, and its pipeline infrastructure. Trinidad & Tobago
does not currently produce enough alcohol to support ethanol production.12
Structure of the Sugar Industry
Until recently, Trinidad & Tobago’s largest sugar company was Caroni (1975) Ltd. In
2002, it produced roughly 91,000 tons of sugar from more than 31,000 hectares (77,000
acres) of land. Caroni was established in the early 1970s after the state acquired the
assets of the Tate & Lyle company, a major global renewable ingredients (agricultural
products) company based in the UK.13
The government had sought to restructure the sugar industry, including Caroni, for
many years. One proposal called for the closing of one sugar factory; reducing production at the Usine Ste Madeleine factory to 75,000-80,000 tons of sugar; and for Caroni
to cease sugar production by 2004, allowing smaller-scale farmers to supply cane to
the sugar industry, and to focus on sugar refining instead. Additionally, Caroni’s land
would go to the government to be managed by a new agency created in 2002, the Estate
Management and Business Development Company.14 Caroni closed in 2003 and was
replaced by the state-owned Sugar Manufacturing Company Limited (SMCL), which
was to engage in sugar production and refining, but which has had trouble with sugar
shortages.15
Biodiesel Production
Information on biodiesel in Trinidad & Tobago is limited, but it is thought to be minimal. Trinidad is, however, the world’s largest exporter of methane16 a product that can
be used to process biodiesel.
Biofuels Trade
According to the renewable fuels association, Trinidad and Tobago exported 37.85 million liters (10 million gallons) of ethanol to the United States in 2005, its first year of
export.17 It also imported 25,500 liters in 2005.18
D) PRIVATE SECTOR

As previously mentioned, there is a need for additional private sector participation in
the cultivation of sugarcane, and there will likely be a similar need for the production
of biofuels. The nation’s Ministry of Food Production and Marine Reserves has been
identified by the government as the key player in promoting greater private investment in the agricultural sector, as well as in related infrastructure, and in promoting a
culture of biotechnology and science with the agricultural sector.19
E) RESEARCH & DEVELOPMENT
The Caribbean Agricultural Research and Development Institute (CARDI), which is
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linked to CARICOM, is headquartered in Trinidad & Tobago and located on the St.
Augustine campus of the University of the West Indies (UWI). CARDI engages in
agricultural research and development of crops and livestock, including sugarcane, as
does the UWI’s Faculty of Agriculture and Natural Sciences and the Research Division
of the nation’s Ministry of Agriculture Land and Marine Resources. Before its dissolution, Caroni Research was also active in sugarcane research activities.
F) CONCLUSION
Trinidad & Tobago still requires the regulatory and legislative frameworks necessary
to promote biofuels production and use. The country’s strong petroleum sector could
potentially serve as a collaborative partner for a successful ethanol industry, which
could in turn rejuvenate the nation’s weakened sugar industry. Additionally, the existence of large amounts of methane in Trinidad & Tobago could present an interesting
opportunity for biodiesel processing.
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Source: World Factbook1

A) INTRODUCTION
Like those of other oil importing economies, Canada’s is vulnerable to fluctuations in
international oil prices, and the country has recently begun to embrace the economic and environmental potential of biofuels. Canada has also declared its interest in
biofuels as a means of reducing ozone depleting gases and complying with its Kyoto
Protocol obligations.2 Political will and an advanced agroindustrial technology sector
together enhance Canada’s prospects for the development of a viable biofuels industry.
Despite favorable conditions, however, growth in Canada’s biofuels industry has not
yet materialized. The country has not yet tapped its potential for the production of
grain-based ethanol, conventional biodiesel obtained from lipid rich crops and food
by-products, or nonconventional biodiesel derived from biomass. While Canada is
positioning itself to develop its biofuels sector, substantial government funding and
subsidies will be necessary to make the nascent industry viable. Should the government choose biofuels as a strategic economic sector, it must agree upon a biodiesel fuel
standard, design the appropriate incentives, and determine how the industry can be
competitive vis-a-vis its neighbors to the south.

While Canada possesses significant primary resources for the development of biofuels,
only recently has the government begun to create the necessary legislative and regulatory framework to foster the sector’s development. In 2002, Canada’s provincial energy
ministers met to discuss the renewable energy portfolio standards and to determine
how developing technologies could be incorporated into Canada’s energy and agriculture sectors to diversify the energy balance.3 Despite its efforts, the group failed to
produce a consistent approach. Programs, policies, and incentives vary widely across
the country due to significant differences in industry structure, ownership of assets,
market size, and political leadership. Since the 2002 meeting, the federal government
has investigated the impact of different approaches to renewable energy development
including preferred treatment, tax credits and exemptions, green marketing and procurement, and renewable fuels standards (RFS).
Climate Change Plan for Canada and the Biodiesel Initiative
The government released the Climate Change Plan for Canada on November 21, 2002.
It was the result of intensive consultation with the provinces and territories, as well
as with stakeholders and individual citizens to demonstrate the government’s intention to confront climate change while ensuring economic competitiveness and growth.
The plan renewed the government’s pledge to work with automotive manufacturers
to improve new vehicle fuel efficiency 25% by 2010 and proposed additional steps to
encourage consumer demand for more efficient vehicles. The government also com-
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mitted to new investments to boost public transit and manage growth in vehicle use,
setting the goal of increasing the amount of gasoline containing 10% ethanol blend to
35% of the market and dedicating resources to increasing biodiesel production to 500
million liters.4
The Climate Change Plan in turn led to the elaboration of the government’s Biodiesel
Initiative, which was announced August 2003. The Initiative allocates CAD11.9 million ($10.5 million) over 4 years (2003 – 2007) to address technical and market barriers to the development of a Canadian biodiesel industry based on low-cost feedstocks
such as yellow grease and severed canola.5
According to Natural Resources Canada (NRCan), the government department specializing in sustainable development and the use of natural resources, the Biodiesel
Initiative builds on the federal government’s decision in the 2003 budget to exempt
biodiesel from the normal diesel fuel excise tax (CAD0.04 per liter) ($.035 per liter). In
partnership with Canadian industry and provinces, activities are underway to coordinate and advance policy, remove technical and marketplace barriers, improve appropriate technologies, encourage early adoption, and generate awareness.
NRCan is addressing the specific challenges facing the development and use of biodiesel from low-cost feedstocks through the following targeted activities:
Table 3.1a: Primary Targets of Canada’s Biodiesel Initiative:

Education and
Awareness

Promoting the development of a Canadian biodiesel
market through websites, publications, exhibits, and
outreach events.

Technical and Economic Demonstration and optimization of low-cost
production technologies and processes at a
Assessments
commercial scale, through use of analytical models,
expert advice, and industry participation.
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End User Technology
Demonstrations

Pilot projects for on-road and off-road
transportation sectors, consisting of up to10
systematic and monitored demonstrations of
biodiesel distrib. and use.

Technical Information
and Fuel Specification

Standardization of fuel quality and content focused
on B2, B5, B20 and B100 emissions analysis, fuel
specifications, and fuel property analysis.

International
Technology Linkages

Increased government and industry awareness of
global biodiesel activities through joint studies,
standards, technology transfer and shared
knowledge.

Technology R&D

Supporting infrastructure development for
feedstock supply through improved and lower cost
feedstocks, feedstock handling, and process
conversion.

Source: Natural Resource Canada6

Ethanol Expansion Program
The government launched the Ethanol Expansion Program in 2003. In the first phase,
CAD72 million ($ 63.7 million) was allocated to six projects. In the second phase, the
government invested an additional CAD46 million ($40.7 million).
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Table 3.1b: Projects allocated contributions under Ethanol Expansion Program

Commercial Alcohols
Inc.

$15 million to build a new plant in Windsor, Ontario
(199 million liters)

Husky Oil Marketing
Company

$10.4 million to build a plant in new Minnedosa,
Manitoba (130 million liters)

$11.9 million to build a new plant in Brantford,
Integrated Grain
Processors Co-Operative Ontario (119 million liters)
Inc.
Permolex Ltd.

More than $1.1 million to expand its facility in Red
Deer, Alberta (12 million liters)

Power Stream Energy
Services

$7.3 million to convert a recently closed starch plant
in Collingwood, Ontario (52 million liters).

Source: Canadian Ministry of Natural Resources7

The 510 million liters of annual fuel capacity planned by these projects combined with
additional production from the Ethanol Expansion Program would bring Canadian
production to approximately 1.4 billion liters. If all these facilities meet their production targets, Canada will produce enough ethanol to meet the government’s goal of
having 35% of Canadian gasoline contain 10% ethanol by 2010.8
Renewable Fuel Standard and Tax Incentives
The degree to which renewable energy has taken root politically and socially was
demonstrated recently in the political realm. During the 2005 general election, the
main political parties both pledged to require a 5% Renewable Fuels Standard (RFS)
for gasoline and on-road diesel by 2010. The RFS would legally bind all gasoline and
diesel providers to sell fuel with a minimum 5% biofuel content. This provision would
require 3.1 billion liters of ethanol and biodiesel a year, more than twelve times the
amount the country currently produces.9 In May 2006, the Canadian provinces agreed
to support the federal government’s push for the gasoline and diesel RFS by 2010.10
While a defined RFS has yet to be passed, provisions contained in the October 2006
Clean Air Act will allow the government to require suppliers to sell fuel containing
renewable content.11
Chart 3.1a: Projection of Canadian Ethanol Production to 2010 with and without
RFS
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Federal Incentives
In order for Canada to achieve the 2010 targets, the government must craft the appropriate incentives to enhance production and shift consumption patterns. At present, the primary support instrument for fuel ethanol is a federal excise tax exemption
amounting to 10 cents per liter of ethanol blended with gas. In addition to the federal
initiatives, several Canadian provinces offer tax exemptions for biofuels and require
fuel blending.
The Canadian government continues to support biofuels initiatives through substantial
budget allocations and financing programs. In July 2006, the government declared that
it will give small producers groups CAD$11 million ($9.7 million) to boost biofuel production and help meet the 2010 production target.12 Further, Ottawa wants 5 percent
of Canada’s transport fuel to be renewable by 2010, which will require 3 billion liters of
biofuels from 8 million tons of grain, oilseeds and biomass annually.13 The first CAD$5
million ($4.3 million) tranche from the assistance package was released in September.14
The government is developing a detailed strategy to increase production of biofuels
which it plans to introduce to the Cabinet in late 2006. The majority of 2006 budget
funds dedicated to biofuels will be directed to farmers and rural communities for the
development of business proposals and feasibility studies for biofuels production.
Provincial Initiatives
As discussed, several Canadian provinces provide road tax exemptions for ethanolblended fuels, and some provinces, including Saskatchewan, Manitoba, and Ontario,
apply mandatory blending rates. Each of these provinces is dedicating provincial resources to ethanol-specific initiatives and incorporating a range of incentives to boost
production.
Relations with Brazil
Brazil is currently Canada’s 16th-largest export market and 15th-largest trading partner. Key sectors in the trading relationship include agriculture, biotechnology, environment, energy, oil and gas, mining, financial services, pulp and paper, information
technologies and telecommunications.15 While the two countries have formed substantial commercial ties, there are no bilateral agreements or formalized relationship
related to biofuels.
C) CURRENT SITUATION
Energy Matrix
Canada’s energy portfolio is minimally diversified. Oil (35.1%) and gas (30.3%) constitute the majority of the country’s supply, and only 4.5% of its energy comes from
renewable sources. Consequently, the country continues to be vulnerable to volatile
international prices.
Chart 3.1b: Canada’a Energy Matrix (2004)16
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Source: International Energy Agency17
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Significant investments in renewable energies including ethanol and biodiesel could
further reduce Canada’s dependence on imported oil and assist the country with its
carbon emissions reduction commitments.
Production of Biofuels
Canada’s biofuels industry has not fully matured. It is estimated that Canada produced 250 million liters of fuel ethanol in 2004 and will implement a 5% biofuels blend
by 2010. If government programs are fully implemented, production could reach 1.4
billion liters in 2007 and 3.1 billion liters by 2010.18
Grain-based fuel ethanol
At present, grain-based production accounts for approximately 93% of production capacity with corn comprising 73%, wheat 17%, and barley 3%.19 With the addition of
new production plants currently under construction, grain-based fuel output is expected to at least triple over the next few years. Grain ethanol has now gained commercial
acceptance and more than 950 retail outlets across Canada offer E10.
Oilseeds-based Biodiesel
Canola oil and animal lipids have the greatest potential to support an emerging Canadian biodiesel industry. There is underutilized capacity for additional canola oil production. Canada produces vast quantities of canola (rapeseed), as well as soy, mustard
and corn, and has the potential to produce much more. The country is a net exporter
of canola oil and non-crushed canola seed, making that crop the likely initial domestic
feedstock source for virgin oil esterification biodiesel.20
Biodiesel can also be produced conventionally from other natural fats and oils, such as
tallow, grease, and used cooking oil. Canada is a net exporter of tallow and grease, offering another potential domestic feedstock for production. Feedstock availability for
biodiesel production has increased recently due to restrictions on the human consumption of certain animal products to avoid the spread of Bovine Spongiform Encephalopathy (BSE) and other animal diseases.21
Canada appears to have sufficient lipid feedstock to support an emerging biodiesel
industry based on conventional biodiesel production and based on a demand of up to
approximately 2% of the current transportation sector diesel consumption. The introduction of non-conventional biodiesel production technology and use of alternate lowlipid biomass resources could expand supply as the industry develops and demand
grows.
Despite the adequate resource base, the commercial biodiesel industry in Canada remains limited. Small quantities are produced domestically to meet local demand, but
barriers including cost have precluded the Canadian industry from taking root.22 Despite these barriers, the first commercial biodiesel plant was recently constructed in
Quebec and the industry is slowing expanding.

Canada’s agricultural sector does not produce adequate feedstocks to satisfy domestic
demand. As a result, in 2005 Canada imported around 152 million liters of ethanol,
most of which came from the United States. During the last five years, imports averaged 123.3 million liters while exports averaged 27.5 million liters.23 According to Fleet
Challenge Canada, reported usage of pure biodiesel across Canada was approximately
11,710,000 liters for 2005.24
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Until recently, biofuels consumption in Canada has been relatively low. In 2004, total fuel ethanol production and consumption amounted to approximately 250 million
liters, of which approximately 200 million liters were produced locally using cereal
grains such as corn, wheat and barley. Domestic production of biofuel provides for
only 0.7% of the country’s total petrol consumption.
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D) PRIVATE SECTOR
A number of Canadian and international companies have invested significant financial resources in biofuels and related technologies. Most investment has been for new
construction facilities, pilot projects, and conversion plants. Iogen, a joint venture between Royal Dutch/Shell and Petro-Canada, successfully launched a demonstration
plant in Ottawa for the conversion of biomass into ethanol. At full capacity, the plant
is designed to process approximately 30 tons of feedstock per day, and produce an
estimated 2.5 million liters of cellulose ethanol per year.25 In addition, the Canadian
government is now investing more than $218 million to construct a full-scale commercial plant to produce cellulosic ethanol by 2007. The new facility will help Canada meet
its 5% biofuels target by 2010.26
According to the July 2006 F.O. Lichts World Ethanol and Biofuels Report,27 Suncor
Energy Inc. recently announced that it is close to completing its St. Clair ethanol plant
near Sarnia, Ontario. The 200-million-liter plant cost $107 million to build and will
process 20 million bushels of corn a year. The plant began production in July 2006.
In addition, Tisdale Dehy Ltd unveiled plans to construct an ethanol plant on the site of
its alfalfa processing facility west of Tisdale, Saskatchewan that will have the capacity
to produce 90 million liters per year. Construction on the facility will start in 2007.28
SunOpta Inc., a natural and organic food company, recently announced that it would
sell their advanced, patented technology to China Resources Alcohol Corp. (CRAC)
for a cellulosic ethanol demonstration facility. The facility is expected to produce in
Zhaodong City, Heilongjiang Province by the end of the year and involves the enzyme
company, Novozymes. CRAC is among the biggest ethanol producers in China and
aims to produce 5,000 tons of cellulosic ethanol annually by the end of 2007 and one
million tons annually by 2012 by incorporating Sunopta technology and equipment.29
SunOpta is also developing biomass conversion plants in Canada using materials like
corn, grasses and wheat straw to produce ethanol.
Finally, Advanced Biodiesel Group (ABG) of Australia is considering the construction
of a new biodiesel facility near Irricana, Alberta. The facility would process canola oil
and animal fats.
E) RESEARCH & DEVELOPMENT
As the country focuses political energy and increases investment, Canada may assert
itself as a leader in new biofuels technology. Canada has significant biodiesel-related
research interest and capacity within government and university research facilities and
has demonstrated notable innovation and leadership in ethanol processing technologies.30
Natural Resources Canada (NRCan) directs Canada’s efforts to develop clean energy
technologies. Through advancements in science and technology, NRCan helps Canadians utilize their resources to enhance the country’s competitiveness. In conjunction
with funding programs, the agency assists many Canadian innovators in the private
and public sectors to commercialize their energy technology ideas.31
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Waste-based fuel ethanol
The current focus of NRCan’s Bioenergy Development Program is forestry waste such
as wood chips and sawdust and agricultural wastes including straw and chaff. Significant research progress is being made as well on how to convert municipal wastes into
usable fuel. It is estimated that the waste in the country now could theoretically provide adequate feedstock to meet Canada’s fuel ethanol targets. Specifically, this would
require 3.8 billion liters per year (based on a 10% blend in 2005 vehicle demand of 38
billion liters).32 However, these wastes contain lignocelluloses (woody materials) that
require special treatment not part of traditional grain ethanol production. Research to
identify the processes able to capture this potential and produce ethanol from wastes
is underway.
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The CANMET Energy Technology Centre (CETC), Canada’s primary energy science
and technology (S&T) organization, works collaboratively with public and private entities to develop and promote clean energy technologies.33 CETC actively promotes
Canada’s clean energy capabilities around the world by participating in international
programs and trade missions and hosting foreign delegations. According to the CETC,
a Climate Change Trade Promotion Officer (CCTPO) was established to promote Canadian clean energy technologies abroad. The Trade Promotion Officers (TPOs) are now
located in Poland, Mexico, and India to facilitate the expansion of Canadian technologies and provide support for Clean Development Mechanism (CDM) and Joint Implementation (JI) projects to reduce greenhouse gas emissions.
The Office of Energy Research and Development (OERD) manages the government’s
energy science and technology activities. It provides funding to and works in partnership with twelve federal departments and agencies, including CETC. It also collaborates with other levels of government, the private sector, and academia. These partnerships facilitate S&T input to energy policy and program development.
OERD also advances Canada’s energy S&T objectives through international collaboration, mainly by chairing the Committee on Energy Research and Technology (CERT)
of the International Energy Agency (IEA) and by participating in IEA Working Parties. The IEA helps to research, develop, and commercialize energy technologies that
promote the energy security, environmental protection, and economic development of
its member countries. OERD also shares information and identifies opportunities for
cooperation in energy technology fields of common interest to Canada, Mexico, and
the United States.34
F) CONCLUSION
Like other oil importing countries, Canada’s economy is subject to volatile fluctuations
in international oil prices and, as a consequence, the country has begun to channel public and private funds into the development of biofuels to diversify its energy portfolio.
Canada has also declared its interest in biofuel as a means of reducing ozone-depleting
gases and fulfilling its obligations under the Kyoto Protocol. Despite relatively strong
political will, an advanced biofuel industry has yet to materialize. Canada is a net importer of grain and does not possess the necessary domestic feedstock for a robust ethanol industry. There is potential, however, for the production of conventional biodiesels
from lipid rich crops and food by-products and for nonconventional biodiesels derived
from biomass. Canada is well positioned to develop the sector given its substantial
biomass reserves and advanced industry capability and technology. However, the government must agree upon a biodiesel fuel standard and design the appropriate incentives for industry participation.
As of 2006, a number of Canadian and international private sector companies have invested in the development of biofuels and related technologies. The majority of investments have been in new construction facilities, pilot projects, and conversion plants.
While such investments will enable Canada to develop its ethanol capacity, limited
feedstock and operational costs will likely impede the sector from contributing substantially to Canada’s overall energy independence or to a global biofuels market.
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Source: World Factbook1

A) INTRODUCTION
The rising costs of petroleum and the incidence of rural poverty in Mexico make a domestic biofuels industry a potentially attractive economic development strategy, particularly in regions where high fossil fuels costs render infeasible the use of conventional
energy. While Mexico is a net exporter of oil, biofuels development in the country
could still enhance domestic energy security through diversification and displace the
30% of domestic consumption currently imported by Petroleos Mexicanos (PEMEX).
Mexico’s biofuels industry could also help diversify the country’s troubled sugarcane
sector and reduce excessive greenhouse gas emissions.

Mexico’s natural resources suggest the country could develop a robust biofuels industry and achieve its domestic biofuels consumption targets. The nation cultivates several viable biofuels crops including maize, sugar, sorghum and oilseeds, and possesses
extensive tracts of arable land that enjoy favorable climatic conditions. Recent renewable energy legislation provides a basic framework for renewable energy production
and creates incentives to attract investors. However, the legal framework will need to
be solidified and expanded if it is to attract sustainable investment, particularly from
abroad, and enable Mexico to comply with its commitments under the Kyoto Protocol.
As important, agricultural productivity remains below potential and will need to be
augmented if Mexico is to have the necessary primary material to become a competitive player in the global biofuels industry.
B) GOVERNMENT POLICIES
In December 2005, the Mexican Government passed legislation setting the goal of
reaching 8% renewable energy use by 2012. The law establishes a federally-supported
fund to support the implementation of renewable energy projects. The law stipulates
that producers may sell excess production (beyond what is mandated) to the National
Electric System.
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In 2003, renewable energy sources accounted for 5.1% of Mexico’s primary energy supply. The government has expressed a desire to increase the share to 8% by 2012. Recent studies by the Mexican government estimate bioenergy could supply 54-85% of
domestic energy needs. The studies estimate that 27-54% can be derived from wood
fuels, 26% from agro fuels, and another 0.6% from their byproducts.2 Investments in a
domestic biofuels industry would create significant socioeconomic benefits for Mexico
by generating employment, preserving the environment, and provide a market for
Mexico’s excess sugar supply.
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In February 2006, the government passed another measure, which supports the development of bioenergetics and the diversification of energy sources. It mandates a 10%
ethanol fuel blend for the country’s main urban centers. The law also grants the Inter-sector Commission for Rural Development the authority to establish regional programs for both ethanol and biodiesel and charges the Secretary of Energy (SENER) and
the federal government with investing in and developing biofuels production. Under
this purview, the Inter-American Development bank is cooperating with the SENER,
providing technical assistance to evaluate the use of biomass in the production of ethanol and biodiesel. The law also creates a set of fiscal incentives to foster the production
and consumption of bioenergetics. For example, the law exempts from the VAT entities
that receive profits from the production of bioenergetics.3
While the government has drafted needed legislation, it must provide additional support to agriculture and create appropriate business and investment incentives in order
to cultivate a viable and sustainable biofuels industry. States throughout the country
are also recognizing the potential for biofuels to contribute not only to energy security,
but also to economic growth, and they are acting to create a favorable business climate.
For example, the technical secretary of Planning and Development for the state of Seplade, Salvador Acha Daza, sponsored a forum on bioenergy in the state capital to promote investments in alternative energy and craft a regulatory framework that allows
investors to take advantage of the renewable energy potential in the region.4
NAFTA and Potential Impact on Biofuels Trade
On January 4, 1994, the North American Free Trade Agreement (NAFTA) officially
took effect with the objective of progressively reducing and eliminating agricultural
trade barriers between the United States, Canada and Mexico. Since its inception,
agricultural workers, politicians and citizens have debated the economic impacts of
NAFTA. Over the life of NAFTA, agricultural exports between Mexico and the U.S.
have increased by $5.6 billion and $5.7 billion respectively5 demonstrating the agreements ability to facilitate trade for all parties. Full implementation of the agreement is
scheduled for 2008, at which point, trade protections for corn and other vital biofuels
crops will be eliminated.
As 2008 approaches, Mexico’s National Confederation of Agricultural Workers fears
that corn and bean imports will flood the market and threaten domestic production.6
Mexico’s corn imports are expected to rise from 7.3 million tons in 2006 to more than 13
million tons in 2015.7 However, Mexico’s Secretary of the Economy, Sergio Garcia da
Alba, downplayed the CNC’s concerns by emphasizing a shift in U.S. agricultural policy toward ethanol production, predicting that increased ethanol production in the U.S.
will absorb excess corn and sugar supplies and prevent the inundation of the Mexican
market.8 The U.S. National Corn Growers Association concurs with Mr. Alba’s hypothesis stating that U.S. domestic demand for ethanol is expected to increase U.S. corn
demand for ethanol production up to 20%. The corn feedstock for ethanol production
is expected to come at the expense of exports.9
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Among other energy sources such as crude oil and petroleum products, NAFTA includes provisions for ethanol and specifies that governments shall not apply restrictions such as tariffs, quotas, or export requirements, with limited exceptions.10 Behind
Canada, Mexico is the second-largest exporter of petroleum products to the United
States, exporting 1.569 million barrels per day.11 NAFTA could further facilitate energy trade between Mexico and the United States should Mexico develop a viable and
competitive biofuels industry. Exports of ethanol and biodiesel could be easily traded
between the two countries given the burgeoning U.S. ethanol demand and the increase
in trade of biofeedstocks.
Regional Cooperation and Relations with Brazil
Mexico is a member of the Alliance for Renewable Energy and Energetic Efficiency.
The nation hosted the first regional meeting and was appointed the regional representative to the Alliance for 2005-2007.12
Mexico’s new president, Felipe Calderón, recently asked President Lula of Brazil for
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technical assistance in developing Mexico’s ethanol industry. President Calderón
made the request while discussing cooperation between Petrobras and Pemex to explore crude oil reserves in the Gulf of Mexico.13 While the two did not elaborate on the
details of potential technical cooperation, Brazilian representatives have toured Mexico
and the region to identify potential partners for joint biofuels initiatives.
C) CURRENT SITUATION
Energy Matrix
The majority of Mexico’s energy is derived from oil and gas with renewable energy
sources comprising only a small fraction of the country’s total energy supply. Mexico’s
dependence on fossils fuels for industry and transport, in particular, has helped make
it the leading producer of fossil fuel emissions in Latin America. Mexico releases approximately 360 million tons of carbon dioxide annually.14
Chart: 3.2a: Mexico’s Energy Matrix (2004)15

Hydro: 1.1%
Nuclear: 1.7%

Renewables &
Waste: 4.5%
Geothermal/Solar/
Wind: 3.4%
Coal: 5.1%

Gas: 26.2%

Oil: 57.4%

Source: International Energy Agency16

Mexico produces 5 million tons of sugar and 56 million liters of ethanol per year, a level
of production that is not sufficient to oxygenate gasoline for domestic consumption.20
Biomass constitutes an estimated 8% of Mexico’s primary energy, mainly through the
use of wood for cooking and small industries.21 Mexico’s National Development Plan
for 2001-2006 established the goals of diversifying energy sources and promoting the
sustainable and efficient use of natural resources. The Energy Sector Program has
committed to similar goals in order to increase the nation’s use of renewable energy
sources.
Crops grown for ethanol production
Mexico currently cultivates sugar, sorghum, and corn, which are all suitable for ethanol
production. Mexico’s sugar producers are best positioned to produce ethanol. The
sugar industry directly or indirectly sustains 12 million Mexican workers and ranks 7th
among global producers and 3rd in terms of tonnage yield per hectare.22 The yield of
sugarcane per hectare varies considerably among regions but, at an average of 72 tons
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In Mexico, gasoline is oxygenated with 6% methyl tert-butyl ether (MTBE)17, the majority of which is imported. Increased domestic production of ethanol could displace
MTBE imports and save approximately $100 million a year in foreign exchange.18 At
present, groups such as “Fundación (e)mission”, an environmental NGO based in Guadalajara, are promoting the use of a 10% ethanol blend in Mexico City, Guadalajara and
Monterrey. Based on current levels of gasoline consumption in these three markets, the
group projects that the market for ethanol would be between 500 and 600 million liters
per year.19
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per hectare, 633 million hectares produce 5 million tons of sugar and 56 million liters of
ethanol.23 Overall, the cultivation of sugarcane accounts for 13.5% of total agricultural
production and 0.5% of GDP.24
Mexico’s sugar production has been increasing despite transformations in the sector
including ownership restrucuturing. The country has been able to produce more than
it consumes, but its prices are not competitive in world markets, in large part due to
the strength of the country’s agricultural unions. The existing surplus could, therefore,
provide the ethanol industry with the raw material it needs while offering producers
higher income for their harvest. To increase sugarcane and ethanol production, the
industry is seeking to improve its selection of varietals, extend the growing season,
and expand the use of soil stabilizers and fertilizers. The industry also intends to analyze whether such improvements would boost ethanol’s competitiveness on the market. However, labor rigidities within the agricultural sector could increase the price of
biofuels feedstocks, increasing production costs and reduce the global competitiveness
of Mexican ethanol.
While sugar producers and refiners have the strongest technological capacity to produce ethanol, Mexico’s corn producers also supply substantial resources suitable for
biofuels. More than 55% of Mexico’s agricultural workers engage in corn production,
an industry which accounts for 11.3% of GDP.25 In 2004, Mexico produced 11,806,710
tons of maize, valued at approximately $3.27 billion.26 Despite being the world’s fourthlargest maize producer, Mexico still imports maize to meet domestic needs. This production deficit means that Mexican corn producers would either have to significantly
increase production or divert current supply to support a domestic ethanol industry.
An alternative to corn for ethanol production may be Mexico’s competitive sorghum
industry. Sorghum is Mexico’s second largest crop, with over 6 million tons produced
each year. Sorghum is more cost efficient than corn, but contains the same concentration of starch and could be utilized as an alternative feedstock for biofuel production.
Level of domestic ethanol consumption
Mexico currently consumes 164 million liters of ethanol and produces only 56 million,
making the country a net importer. Current estimates suggest that the country’s demand could reach 660 million liters per year. Mexico would require 5.760 million liters
per year to satisfy the requirements for an E15 blend.27 If production is incorporated
into the production processes of the country’s 58 sugar refineries ethanol production
could increase substantially to satisfy growing local demand.
PEMEX does not have yet have plans for a plant to substitute MTBE with ethanol,
which poses a major obstacle to the development of the industry in Mexico. The company will therefore not be able to comply with the Congressional order to add ethanol
to its fuels by 2007.28
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Prospects for biodiesel
While Mexico produces oleaginous seeds, development of the biodiesel industry remains limited. However, in 2005, El Grupo Energeticos S.A. and the Instituto Tecnologico de Estudios Superiores de Monterrey (ITESM) signed a cooperation agreement
to produce biodiesel from animal fat. In July of that year, they opened a plant in Nueva
Leon with the capacity to produce 500,000 liters per month.29 In the first stage, the
biodiesel will be used for industrial fuels in the north of Mexico. It is anticipated that
subsequent phases will involve the commercialization of biodiesel production in Monterrey facilities with the capacity to produce 12 million liters per year.30
D) PRIVATE SECTOR
The Mexican energy sector has been closed to private investment since the 1940s and
only began to open during the late 1990s. Authorities have recently recognized the potential to develop projects under the Kyoto Protocol’s Clean Development Mechanism.
At present, the Mexican authorities have issued 39 approval letters for CDM projects by
the private sector.31 Mexican industry is also making a concerted effort to incorporate
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itself into the global biofuels industry. With the help of a $138 million investment from
the Mexican government, Mexico expects to produce over 32 million liters of ethanol
by 2007, using sugar and corn as the primary feedstock. The companies Destilmex and
Nextach have committed to producing ethanol in Sinaloa, Nueva Leon and Sonora.32
In addition, a group of industrial leaders recently met with the governor of Veracruz
province to announce their interest in investing as much as $35 million in an ethanol
plant in the northern part of the province.33 While domestic investment in biofuels
appears to be potentially healthy, burdensome restrictions and regulations in Mexico’s
energy sector are impeding the flow of international investment in biofuels.
E) RESEARCH & DEVELOPMENT
Mexico’s Secretary of Energy is evaluating which sectors have the potential for using
renewable energy. Through its 2006 legislation, the Mexican government is promoting and coordinating the integration of the National Network of Research and Development for Bioenergetics with the aim of coordinating and strengthening scientific
research and technological development and promoting the proper management of
natural resources associated with the production of biofuels and other bioenergetics.
The law assigns the National System for Research and Technology Transfer the task
of coordinating this research.34 Specifically, the legislation provides for research and
development dedicated to the development of agroindustrial technologies, the mechanized collection and transport of sugarcane, and the collection of vegetable oils and
oilseeds for biodiesel as well as the gasification of biomass for the generation of electricity.35
The IADB has also funded a study to analyze the potential of the domestic biofuels
inputs market, and the probable demand for such inputs. The study addresses the
social, economic, technical and energy implications of the issue and seeks to collect the
information needed to establish policy guidelines for a robust national industry.36
In addition, the IADB and SENER, with financial contributions from the United States
Department of Energy, sponsored a feasibility study for the production of ethanol for
transport.37 According to IADB documentation, the study recommends the gradual
introduction of ethanol into the Mexican fuel market in three phases. The first phase
would utilize existing feedstock, with the next two phases expanding land use and the
incorporating additional feedstock varieties. The plan incorporates an initial blending target of 5.7% to be eventually increased to 10% during the third phase. The plan
would double employment in the sector, more than double the area under cultivation
for biofuels and would require $2.24 billion in investment.
Additional research operations include the Instituto Tecnologico de Estudios Superiores de Monterrey (ITESM), which is using a biodiesel pilot plant that uses cooking oil
as feedstock to study fuel properties and optimize the production process. The ITESM
is also testing the performance of B100 in cars and is examining the potential of the
jathropa plant as biodiesel feedstock.38

Given Mexico’s natural resources, the country has great potential to develop a robust
biofuels industry and achieve its domestic biofuels consumption targets. The nation
cultivates several viable biofuels crops including maize, sugar, sorghum and oilseeds,
and possesses extensive tracts of arable that enjoy favorable climatic conditions. Recent renewable energy legislation provides a basic framework for biofuels production
and creates incentives to attract investors. However, this legal framework requires
strengthening to attract sustainable investment and enable Mexico to comply with its
commitments under the Kyoto protocol with respect to greenhouse gases. Agricultural productivity remains below its potential and will need to increase its efficiency
and boost production if the country is to have the necessary feedstock for a viable and
competitive biofuels industry.
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Source: World Factbook1

A) INTRODUCTION
The United States is the largest producer of biofuels in the world. The high and volatile
price of oil and political pressure for energy independence and security have fueled
both public and private investment in the U.S. biofuels industry. The development of
the ethanol and biodiesel industries in the U.S. is helping to reduce agricultural surpluses and increase commodity prices, create rural employment, bolster farm income,
and improve air quality by reducing GHG emissions. The biofuel industries have significant potential to reduce the US trade deficit and ease the country’s dependence on
foreign oil. Unlike Brazil and other Latin American countries that rely on sugarcane
and sugar-related products for ethanol production, the United States utilizes corn as
its primary feedstock. In the United States, ethanol derived from corn is produced at
less than half the cost of U.S. sugar refining due to the commodity’s abundance, its
relatively low market price, and the existence of corn-related biotechnologies that contribute to efficient production.
While current energy prices are spurring biofuels investments, the long-term profitability of producing ethanol from corn and sugar will depend on the price of the two
crops, the costs of conversion, and the price of gasoline. Government programs are
injecting millions of federal and state dollars into the biofuels industry, allowing production to expand at relatively competitive prices. As ethanol production expands and
the price of ethanol and petroleum moderate, opportunity costs for sugar producers
increase and limit the industry’s incentives for further development. Legislation such
as the 2006 Farm Bill, Energy Bill, and the existing bans on MTBE will help support
biofuels producers if and when gas prices moderate.

The biofuels industry has exhibited strong growth for more than a decade due in large
part to federal policies promoting ethanol as a clean, renewable source of energy capable of bolstering the U.S. economy by injecting capital into the agricultural sector
and enhancing energy security by reducing America’s dependence on foreign oil. The
1970’s oil crisis exposed the United States’ vulnerability to fluctuations in the international oil price and generated political and economic interest in the development of
renewable energy sources. Federal and state governments began issuing grants and
subsidies to develop renewable energy facilities. Most early measures were ad hoc,
however, and the alternative energy industry developed slowly.
Clean Air Act
In 1990, amendments to the federal Clean Air Act (CAA90) significantly enhanced
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the demand for ethanol. The amendments sought to reduce automotive emissions by
mandating the use of cleaner, more environmentally friendly fuels. The Oxygenated
Fuels program sought to reduce carbon monoxide emissions, while the Reformulated
Gasoline Program, originally introduced in California during the 1980’s, focused on
cutting smog-forming emissions.2 At the time of the amendments, ethanol and methyl
tertiary butyl ether (MTBE) were the primary oxygenates available to meet the requirements of the program. As a result of CAA90, U.S. ethanol production tripled, growth
that was enhanced by the low price of corn and the high price of gasoline.3
MTBE Ban
U.S. ethanol production received another boost from coordinated efforts to ban MTBE,
ethanol’s competing gasoline oxygenate. In several incidents across the country, including notable cases in California, MTBE groundwater contamination revealed carcinogenic properties. In response to the positive economic performance of ethanol
and the numerous pending state MTBE bans, ethanol production capacity expanded
rapidly from 311.73 million liters in 2003 to 12.49 billion liters in 2004 and 14.38 billion
liters in 2005.4 While many states continue to maintain and expand MTBE bans recent
federal energy legislation has eliminated the oxygenate requirement for gasoline and
replaced it with a Renewable Fuels Standard.
Energy Policy Act of 2005
In August 2005, President Bush signed into law the Energy Policy Act, which explicitly
called for investment and development in renewable energies. The Act authorized
funding for a number of programs and tax incentives that have aided the ethanol and
biodiesel industries. Provisions related to biofuels include:
Table 3.3a: Biofuels Provisions in the Energy Policy Act of 2005
Section 757
Biodiesel Engine
Testing Program
Section 1342
Alternative Fuel
Infrastructure Tax
Credit

Section 1344
Biodiesel Excise Tax

Section 1345
Small Agribiodiesel
Producer Credit
Section 1346
Renewable Diesel Tax
Credit
Section 1347
Small Ethanol Producer
Credit
Section 1823
Alternative Fuels
Report Hythane and
Biodiesel

Directs DOE to work with engine and fuel injection manufacturers to test biodiesel in advanced diesel
fuel engines, determine impacts of different biodiesel blends, and study the emissions and warranty
impacts of different blendstocks. Authorizes $5 million annually from 2006-2010.
Provides a tax credit equal to 30% of the cost of alternative fueling property, up to $30,000 for business
property. Qualifying alternative fuels are natural gas, propane, hydrogen, E85, or biodiesel blends of B20
or more. Buyers of residential refueling equipment can receive a tax credit for $1,000. For
non-taxpaying entities, the credit can be passed back to the equipment seller. The credit is effective on
purchases put into service after December 31, 2005. It expires December 31, 2009 (hydrogen purchases
expire in 2014).
Extends the tax credit for biodiesel producers established in the American Jobs Creation Act of 2004
(Public Law 108-357) through 2008. The tax credit is $.50 per gallon of waste-grease biodiesel and
$1.00 for biodiesel. If the fuel is used in a mixture, the credit is one cent per percentage point of
biodiesel used or 1/2 cent per percentage point of waste-grease biodiesel.
Provides a $0.10 tax credit for each gallon of biodiesel produced by small producers (production
capacity of less than 60 million gallons annually). This tax credit is capped after the first 15 million
gallons produced annually.
Amends the biodiesel tax credits to include renewable diesel fuel, which is derived from biomass by a
thermal depolymerization process. The credit is $1 per gallon of renewable diesel.
Changes the definition of a “small ethanol producer” to a production capacity of up to 60 million
gallons (instead of 30 million gallons).
Directs DOE to report on the potential for hythane and biodiesel to become large-scale sustainable
alternative fuels. The report will include assessments of the environmental and energy security benefits
of biodiesel and activities necessary to make hythane a competitive transportation fuel. DOE may issue
grants to universities or colleges to assist in the report. The report is due to Congress in August 2006.

Source: United States Department of Energy5
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Tax Incentives for Ethanol Fuels
Present law provides for a partial federal excise tax exemption of $0.51 per gallon ($1.93
per liter) for ethanol blended into gasoline. For example, fuel blended with 10 percent
ethanol receives a tax credit of 5.1 cents per gallon. E-85, which is 85 percent ethanol by
volume, receives a 43-cent per gallon credit. The Volumetric Ethanol Excise Tax Credit
(VEETC) legislation passed in 2004 extends the effective date of the tax credit through
2010.6 The tax exemption is directed at gas companies and petroleum blenders in an
effort to incentivize the use of ethanol. Corn farmers do not receive direct benefits from
the exemption. Further, the federal government provides three groups of income tax
credits to further encourage ethanol use, including the alcohol blenders’ tax credit, the
straight alcohol credit, and the small ethanol producers’ credit.
In addition, the federal government provides support to offset a portion of the costs
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incurred by producers who must purchase additional feedstock for ethanol production. The Federal Bioenergy Program subsidizes a percentage of additional purchases
of grain for ethanol and oilseeds used in biodiesel production. States have also offered
significant subsidies to producers in an effort to attract investment. For example, Nebraska offers a $0.20 per gallon ($0.76 cent per liter) subsidy for eight years to producers able to generate a minimum level of ethanol output.
Renewable Fuels Standard
As an alternative to the oxygenate requirements imposed by the 1990 Clean Air Act
amendments, the federal government has decided that all fuel sold in the United States
must contain a specified amount of renewable fuel. Under the Energy Policy Act of
2005, the United States Environmental Protection Agency was designated as the entity
primarily responsible for promulgating regulations to ensure that gasoline sold in the
United States contains a minimum volume of renewable fuel. A national Renewable
Fuel Program (also known as the Renewable Fuel Standard Program or RFS Program)
will increase the volume of renewable fuel required to be blended into gasoline, starting with 15.14 billion liters in calendar year 2006 and nearly doubling to 28.39 billion
liters by 2012. After lengthy deliberations among the EPA, refiners, renewable fuel
producers, and many other stakeholders, a statutory default standard of 2.78% was
put in place for 2006.7
The EPA is advocating a RFS for 2007 and beyond that incorporates RFS standards
for refiners and other fuel producers, proposes a credit trading system, compliance
mechanisms, and reporting requirements. The EPA estimates that the RFS will reduce
petroleum consumption by 8.71 to 14.76 billion liters or roughly 1.0 to 1.6% of the
petroleum that would otherwise be used by the transportation sector. Carbon monoxide emissions from gasoline-powered vehicles and equipment will be reduced by
1.3 to 3.6%. Emissions of benzene (a mobile source air toxin) will be reduced by 1.7 to
6.2%. The EPA also states that the use of renewable fuel will reduce carbon dioxide
equivalent greenhouse gas emissions by 9-14 million tons, about 0.4 to 0.6% of the anticipated greenhouse gas emissions from the US transportation sector in 2012. Further,
the agreement authorizes $100 million in 2006, $250 million in 2007, and $400 million
in 2008 in grants for production of ethanol from a variety of sources including corn,
biomass, sugarcane, and sugar beets.8
Analysts believe that the Renewable Fuels Standard will contribute to significantly increased production of corn-based ethanol, which is already prevalent and cheaper than
ethanol from most other feedstocks. Goals for the annual volume of renewable fuel
additives are as follows:
Table 3.3b: RFS Goals for Annual Volume of Renewable Fuels Additives

If this doubling of US ethanol capacity occurs through corn-based ethanol production,
the land needed to supply the industry would nearly double as well. Biological and
mechanical improvements in technology may enhance yields and decrease the requirements for additional land, but current estimates anticipate that a dramatic expansion
of farmland is likely.
Biodiesel and Biomass Policy and Tax Incentives
The RFS agreement also provides $110 million for each fiscal year 2005-2009 for pilot projects dedicated to the production of biodiesel. The RFS extended to 2008 the
Biodiesel Blenders Tax Credit, which provides about one dollar per gallon ($0.26 per
liter) through a federal excise tax credit to biodiesel blenders employing virgin vegetable oil feedstocks and $0.5050 per gallon ($0.13 per liter) to producers using recycled
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grease and animal fats. This program began in 2004 under the American Jobs Act. The
existing Commodity Credit Commission Bio-energy Program also supports biodiesel
producers through grants when economic conditions do not support biodiesel production. Recent payments through the Commodity Credit program have been reduced,
however, and the program is expiring this year.10
The Energy Policy Act of 2005 also created a new credit for small biodiesel producers
equal to $0.10 per gallon ($0.02 cents per liter) on the first 15 million gallons (57 million
liters) of biodiesel produced at facilities with an annual capacity not exceeding 60 million gallons (227.1 million liters). This credit is capped at $1.5 million per year.11
The Biodiesel Engine Testing Program provides $5 million per year in funding for fiscal years 2006-201012 to initiate a collaborative research project testing biodiesel in advanced diesel engine and fuel systems technology.
2007 Energy Proposals
In the January 2007 State of the Union Address, President Bush announced a 20% reduction in petroleum use by 2017. The administration intends to achieve this target
by increasing the supply of renewable and alternative fuels by setting a mandatory renewable fuels standard that will require 35 billion gallons of renewable and alternative
fuels by 2017, a five-fold increase from the 2012 target currently in law. The proposal
also seeks to reform and modernize the corporate average fuel economy (CAFE) standards in an effort to reduce projected annual gasoline use by up to 8.5 billion gallons.
Through the energy proposal, the administration hopes to achieve an overall 20% reduction in gasoline use.13
C) CURRENT SITUATION
Energy Matrix
According to the International Energy Agency, in 2003 the United States relied on oil
and gas for nearly 63% of its total energy supply with only 3% being derived from
renewable sources and waste. According to the Energy Information Administration,
imports account for 65 percent of US crude oil supplies, and oil imports are the largest
component of the growing U.S. trade deficit.
Chart 3.3c : United States’s Energy Matrix (2004)
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Oil: 40.4%
Source: International Energy Agency14
Source: International Energy Agency13

The US spends about $250 billion on crude oil imports annually. The U.S. uses 3.18
billion liters of oil a day–about 11.36 liters a day for every person in the country, 65%
of which is imported. By 2025, demand is expected to rise to 26 million barrels (4.134
billion liters) a day, about 60% of which will be imported.15
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An estimated 67% of US oil consumption is in the transportation sector. Approximately 140.05 billion liters of on-road diesel are used each year in the United States.16
The production of 15.14 billion liters of ethanol last year meant that the US needed to
import 27 billion liters of oil in 2005, valued at $8.7 billion.17 While additional incentives remain necessary to shift consumption patterns, private investment coupled with
federal and state efforts to increase the percentage of ethanol and biodiesel blends into
the fuel mix are beginning to yield positive results, including the increase in percentage of ethanol blends for gasoline, reduction of harmful emissions, and revitalization
of domestic agroindustry.
Ethanol Industry Capacity
Recent investment in the US renewable energy sector, particularly ethanol, has led to a
rapid increase in production levels within the last few years. In 2005, 95 ethanol refineries in 19 states produced a record 15.14 billion liters of ethanol, up 17% from 2004 and
126% from 2001.18 In 2005, dry mill refineries accounted for 79% of production capacity
and wet mills for the remaining 21%. Rapid investment led to the completion of 14 new
refineries in 2005 along with expansions of existing facilities, resulting in an annual
capacity growth of 2.95 billion liters. At the end of 2005, 29 new ethanol refineries and
9 expansions were under construction with a total expected annual capacity of more
than 5.68 billion liters.19 The Renewable Fuels Association projects that these investments will increase U.S. ethanol production by more than 20% in 2006.20
Chart 3.3d: Historic U.S. Fuel Ethanol Production
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The Energy Information Administration (EIA) declared that U.S. ethanol producers
were averaging 52.3 million liters of ethanol production per day in August 2006.22 Ethanol demand remains strong, averaging 61.22 million liters per day. Existing stocks
and imports are filling the gap between demand and domestic production.

Fuel Ethanol Production 427.8mg

329,000 b/d

Fuel Ethanol Use

500.8 mg

385,000 b/d

Fuel Ethanol Stocks

384.7 mg

27.8 days of reserve

Fuel Ethanol Exports

0.0 mg

n/a

Fuel Ethanol Imports

133.2 mg*

n/a

Source: U.S. International Trade Commission2322
Source: U.S. International Trade Commission
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While ethanol production facilities are present throughout the country, the majority of
plants are in the Midwest’s “grain belt”. The concentration of facilities around feedstock
production reduces transportation and related costs, enhancing industry efficiency.
Table 3.3d: U.S. Ethanol Production Capacity by State

State

Capacity
MMGal/yr

% of
Capacity

No. of
Plants

% of
Plants

Iowa

1,606

33.0%

25

24.5%

Illinois

706

14.5%

6

5.9%

Nebraska

566

11.6%

11

10.8%

Minnesota

546

11.2%

16

15.7%

South Dakota 475

9.7%

11

10.8%

Wisconsin

193

4.0%

5

4.9%

Kansas

179

3.7%

7

6.9%

Indiana

122

2.5%

2

2.0%

Missouri

110

2.3%

3

2.9%

Colorado

93

1.9%

3

2.9%

Tennessee

67

1.4%

1

1.0%

North Dakota 51

1.0%

2

2.0%

Michigan

50

1.0%

1

1.0%

Kentucky

38

0.8%

2

2.0%

California

34

0.7%

3

2.9%

New Mexico

30

0.6%

1

1.0%

Wyoming

5

0.1%

1

1.0%

Ohio

3

0.1%

1

1.0%

Georgia

0.4

0.0%

1

1.0%

Total

4,872

100.0%

102

100.0%

Source: US EPA24

Source: US EPA23

Still, production facilities are expanding across the United States, where they are contributing to economic growth and rural employment. Spending on annual operations
and investment in new plants added a combined $32.2 billion of gross output to the US
economy in 2005.25
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Map 3.3a: U.S. Ethanol Biorefinery Locations

Biorefineries in Production (106)
Biorefineries under Construction (48)
26
Source: Renewable Fuels Association
25

Source: Renewable Fuels Association

Given the consistent, upward trajectory of production and investment, the US ethanol
industry is projected to grow steadily through at least 2015.
Table 3.3e: Projected Ethanol Capacity and Production 2005-2015
ETOH
Net New
ETOH
Capacity Capacity Capacity
Production Corn
Share
Utilization (MGY)
(MGY)
(MGY)

Other
Feedstocks
(MGY)

Ethanol
Crop Year Corn Use
Yield
(Gal/Bu) for ETOH (Mil Bu)

2005

4,286

686

93%

4,063

90%

600

2,750

1,586

2006

5,911

1,625

95%

5,615

90%

562

2,765

2,196

2007

7,611

1,700

95%

7,270

90%

723

2,780

2,502

2008

8,361

750

95%

7,945

90%

794

2,795

2,643

2009

8,761

400

95%

8,323

90%

832

2,810

2,751

2010

9,161

400

95%

8,703

89%

957

2,825

2,805

2011

9,461

300

95%

8,988

88.5%

1,034

2,840

2,853

2012

9,711

250

95%

9,225

88%

1,107

2,855

2,895

2013

9,961

250

95%

9,463

87.5%

1,183

2,870

2,926

2014

10,161

200

95%

9,653

87.5%

1,255

2,885

2,951

2015

10,361

200

95%

9,843

86.5%

1,329

2,900

2,976

Source: Legg27
Source: LECG26
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Ethanol from Corn
Nearly 93% of the ethanol produced in the United States is produced exclusively from
corn. The remaining 7% is produced from a blend of corn or similar grains. Less than
1% is produced from waste beverages, cheese whey, and sugars and starches combined.28
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Table 3.3f: 2006 U.S. Composition of Ethanol Production Feedstock

Plant Feedstock

Capacity
MM Gal/yr

% of
Capacity

No. of
Plants

% of
Plants

Corna

4,516

92.7%

85

83.3%

Corn/Milo

162

3.3%

5

4.9%

Corn/Wheat

90

1.8%

2

2.0%

Corn/Barley

40

0.8%

1

1.0%

Milo/Wheat

40

0.8%

1

1.0%

Waste Beverageb

16

0.3%

5

4.9%

Cheese Whey

8

0.2%

2

2.0%

Sugars & Starches

2

0.0%

1

1.0%

Total

4,872

100.0%

102

100.0%

a

includes seed corn
includes brewery waste

b
29
Source:
EPA
Source:USUS
EPA28

84 of the 97 production plants processing corn use the dry milling process. Over the
last decade, dry mills have dedicated significantly more resources to ethanol production, and new construction is almost exclusively dry mill-based. Dry-milled corn has
increased from less than 150 million bushels in 1996 to nearly one billion in 2005-2006.
Wet-mill production has remained relatively stable at approximately 500 million bushels per year. Employing average corn yields and standard ethanol extraction rates,
ethanol production in 2005 would consume the amount of corn produced on almost
4.17 million hectares, up from 1.38 million hectares in 1996.30 It is critical that corn supplies remain reliable and competitively priced in order to maintain an efficient and
competitive ethanol industry.
The upsurge in public and private investment in corn-based ethanol has improved the
United States’ prospects for energy independence while transforming American agriculture. Once dependent on subsidy programs and vulnerable to erratic commodity
prices, US corn and soybean farmers are capitalizing on the rush toward renewable
forms of energy. If US and global demand for ethanol persist, farmers may see a corresponding increase in ethanol price, perhaps reducing the need for continued federal
assistance programs. The economic incentives for ethanol production remain strong
as long as oil prices remain elevated. According to estimates by Credit Suisse First
Boston’s Energy Group, “US production will remain economically sound so long as
oil prices remain above $30 a barrel.”31 This projection assumes, however, that current
federal subsidy programs will remain in place.
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Ethanol from Sugar
The United States produces less than 1% of its ethanol supply from sugarcane and sugar beet feedstock. Using data from 2003-2004, it is estimated that the cost of converting
sugarcane into ethanol would be approximately $0.63 cents per liter based on sugarcane market prices and estimated sugarcane processing costs (feedstock accounts for
about two-thirds of total production costs). Sugar beet conversion costs were slightly
more competitive at $0.62 cents per liter.32
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Table 3.3g: Summary of estimated ethanol production costs (dollars per gallon)

Cost Item

U.S. Cornwet
milling

U.S. Corndry
milling

U.S. Sugar
Cane

U.S. Sugar
Beets

U.S.
Molasses3

U.S. Raw
Sugar3

U.S. Refined Brazil Sugar
Cane4
Sugar3

Feedstock2

0.40

0.53

1.48

1.58

0.91

3.12

3.61

0.30

0.97

Processing

0.63

0.52

0.92

0.77

0.36

0.36

0.36

0.61

1.92

Total Cost

1.03

1.05

2.40

2.35

1.27

3.48

3.97

0.81

2.89

E.U. Sugar
Beets4

Excludes capital costs.
2
Feedstock costs for U.S. corn wet and dry milling are net feedstock costs;
feedstock costs for U.S. sugar cane and sugar beets are gross feedstock
costs.
3
Excludes transportation costs
4
Average of published estimates

Source:
United States Department of Agriculture33
Source: United States Department of Agriculture
32

No plants in the US currently produce ethanol from sugar, and production facilities
that utilize sugar are significantly more expensive to construct and operate than those
that use corn. Elevated production costs are due in large part to the significantly higher
costs of sugar feedstock. Ethanol production from sugar would only be profitable as
long as petroleum prices continue to be high. Sugar mills and refineries that incorporate technology enabling them to shift between sugar and ethanol production could
capitalize on the growing ethanol market when market conditions are favorable. However, any reduction in the price of oil will reduce prospects for long-term profitability
and remove incentives for sugar producers to incur the high capital and opportunity
costs associated with restructuring production.
Ethanol from Cellulosic Biomass
The RFS for 2007 contains a provision requiring that 250 million gallons (946.25 million
liters) of the renewable fuel consumed by 2013 be ethanol derived from basic cellulosic
biomass ethanol.34 Cellulosic biomass includes matter that occurs on a renewable or
recurring basis including dedicated energy crops and trees, wood and wood residues,
plants, grasses, agricultural residues, fibers, animal and other waste materials, and
municipal solid waste. Ethanol produced in facilities where animal or other waste
materials are digested or otherwise used to displace 90 percent or more of the fossil fuel
normally used in ethanol production also meets the RFS’s requirements. At present,
there are no plants that qualify as producing ethanol from cellulosic biomass. However, ethanol produced from other organic matters such as manure may qualify under
the current RFS and yield enough ethanol by 2013 to meet the RFS requirement.
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Composition of the Ethanol Industry
The US ethanol industry is currently owned and operated by both corporations and
farmer-owned cooperatives. Corporations currently run 55 plants, while farmerowned coops control the remaining 47. An average ethanol plant has a mean annual
capacity of 48 million gallons (181.86 million liters), with corporation-owned plants
generally above the mean and farmer-owned cooperatives below.35 Statistics compiled
by the EPA show a certain degree of concentration within the industry, with eight companies producing 45% of total capacity.
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Table 3.3h: US Ethanol Production: Top Eight Producers

Company

Capacity
MMGal/yr

No. of Plants

Archer Daniels Midland

1,070

7

VeraSun Energy

230

2

Hawkeye Renewables, LLC

200

2

MGP Ingredients, Inc.

190

3

Aventine Renewable Energy, Inc.

150

2

Cargill Inc.

120

2

Abengoa Bioenergy Corporation

110

3

New Energy Corp.

102

1

Total

2,172

22

Source: US EPA

Trade Competitiveness of US Ethanol
The United States and Brazil are by far the largest and most competitive producers of
biofuels. The cost of Brazilian ethanol produced from sugarcane is $0.22 cents per liter.
US ethanol produced from corn costs 0.29 cents a liter to produce.36 Higher production
and transport costs make US ethanol more expensive than Brazilian product.
Given the competitive edge of Brazilian producers, the US has sought to protect the
domestic ethanol market with an ad valorem tariff of 2.5 percent as well as an import
duty of $0.54 cents per gallon ($0.14 cents per liter).37 The tariff is meant to ensure
that the benefits from the tax credits accrue to domestic rather than foreign producers. However, volatility in US ethanol prices and the competitive price of Brazilian
ethanol have allowed increased amounts of Brazilian ethanol to enter the US market.
In October 2005, Brazilian ethanol was $2.12 per gallon (including freight costs and import tariffs) and US ethanol was $2.47 per gallon. As a result, US imports of Brazilian
ethanol jumped from zero in August 2005 to 2.7 million gallons (10.22 million liters) in
September 2005 and have since increased further.38
Biodiesel
While not nearly as developed as corn-based ethanol, a small but notable biodiesel
market exists in the US. Although the fuel can be produced from peanut, canola, cottonseed, and corn oil, the primary feedstock for US biodiesel is soybeans. Incentives
created by the federal RFS program and tax code have greatly improved the industry’s
prospects. State legislatures have also strongly supported biodiesel. More than 275
bills supporting biodiesel were introduced in 2006, and 53 of them passed.39
In 2005, nearly 344 million liters of biodiesel were produced in the United States.40 The
Energy Information Administration projects that US production will increase to 1.567
billion liters in 2007 and then decrease to about 1.147 billion liters in 2012, assuming
that the biodiesel blender tax credits expire in 2007.41 According to the National Biodiesel Board, 85 companies now market biodiesel in the US market. Sixty-five facilities are
currently under construction with another 13 expanding their operations.42
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Chart 3.3c: Estimated U.S. Biodiesel Production
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Indicators suggest that biodiesel capacity will continue to expand if support programs
remain in place and the price of biodiesel remains high enough to attract investment.
Indeed, increased capacity could ultimately outpace domestic demand.
While production is increasing, biodiesel has trouble competing with regular diesel on
price. Feedstock costs constitute the majority of the production costs.44 One gallon of
biodiesel requires 7.3 pounds (3.31 kilograms) of soybean oil at a price of approximately
$0.20 per pound (0.45 kilograms). Feedstock alone therefore costs a minimum of $1.50
per gallon (3.785 liters) before refining, transportation, and storage costs. Biodiesel can
only compete when oil prices are abnormally high and commodity prices unusually
low. Federal tax incentives offset some but not all of the price disparity. The relatively
high price of biodiesel means it is generally used in blends ranging from 2-20%, with
lower blends being less expensive.
Government forecasts suggest biodiesel could displace up to 37.85 billion liters of petroleum by 2030.45 It is apparent, however, that a clearly articulated policy of incentives, tax credits, and mandates will be essential if biodiesel is to remain economically
viable in the US energy market.
D) PRIVATE SECTOR

Ethanol
While some analysts warn that the deluge of investment in renewable energy may
create an investment bubble, private investors and venture capital groups continue to
pump resources into the sector. In August 2006, the alternative energy company Altra
Inc. announced that it raised more than $120 million from private investors, bringing
its total to more than $250 million from venture capital firms in fewer than six months.48
With funding from investment groups including Kleiner Perkins Caufield & Byers,
Sage Capital Partners and Khosla Ventures, Altra is building a nationwide network
of ethanol and biodiesel plants that is projected to produce 1.9 billion liters of ethanol
annually in a 18.9 billion-a-year ethanol market. The company has initiated the construction of an ethanol production plant in Ohio and recently acquired California’s
largest ethanol plant, Goshen, where it plans to expand production by 30% to nearly
132.5 million liters a year.49 While the investments are sizeable and ethanol production
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The United States has become the most attractive market in which to invest in renewable energy, according to a recent Ernst & Young index.46 Increasingly supportive government policy, stemming from concerns about energy security and climate change,
moved the US ahead of Spain, which had occupied first place in the index since March
2005.47
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is growing rapidly, it still comprises a small fraction of the 529.9 – 567.75 billion liters
of gasoline consumed in the US each year.
Biodiesel
Imperium Renewables recently began work on the nation’s largest biodiesel fuel plant
in Aberdeen, Washington. The plant will use farm crops to produce 378.5 million liters
of biodiesel a year, more than the total US biodiesel output in 2005. According to the
company’s founder, the fuel will be suitable for any engine that uses traditional diesel
fuel, and the plant will not need government subsidies to be profitable.50
E) RESEARCH & DEVELOPMENT
In his 2006 State of the Union address, President George W. Bush set forth an Advanced
Energy Initiative to reduce US dependence on oil. Through the program, the President
proposed a 22% increase in funding for clean energy research at the U.S. Department
of Energy.51 The Initiative specifically dedicates research and development funds to
expand the production of ethanol, as well as other sources of renewable energy.
Corn
Total yield from US corn production has increased markedly over the last several years,
reaching a record high of 160.4 bushels per acre in 2005.52 Higher corn yields are primarily a result of genetically modified seeds and favorable weather. A large percentage of corn and soybeans planted in the US are genetically modified to resist insects,
disease, herbicides, and harsh climate conditions. Improvements in farm management,
farming methods, and energy efficiency also contribute to reduced production costs.
Recently, farmers have begun using Global Positioning Systems (GPS) to improve the
application and consistency of nutrients and chemicals.53 Automation and computerization have also reduced labor requirements and increased the efficiency of plants.
Modern corn ethanol plants are employing a number of energy saving technologies,
including heat exchangers to capture heat from cooking starch for use in the distillation process. Distillation processes now incorporate molecular sieves to capture and
remove carcinogenic material, a practice which eliminates one round of distillation
and saves as much as $25,000 per installation, thereby reducing energy costs by up to
20%.54
Biodiesel
Research into technologies that can reduce the costs associated with biodiesel production would expand the sector and improve the fuel’s competitiveness within the market. Technologies to increase production yields and reduce the costs of oil seed crops
would be particularly beneficial. Enhanced oil extraction technology could reduce existing pretreatment and ultimately cut prices. Other strategies for increased competitiveness include enhancing demand for by-products produced from crushed soybean
and glycerin.55
Biomass and Cellulosic Ethanol
In April 2006, President Bush requested $150 million in the 2007 budget for research
for advanced production of ethanol from cellulose. New biotechnologies to transform
cellulosic material such as corn stalks, sugarcane bagasse, wheat and rice straw, and
switch grass could yield almost 265 billion liters of ethanol a year.56
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At the 2006 Advancing Renewable Energy Conference, the Agriculture and Energy
departments dedicated $17.5 million for 17 biomass research, development, and demonstration projects with the objective of producing technologies that can enhance biofuels’ market competitiveness.57
Significant research is underway on the development of cellulosic biomass for ethanol production. Cellulosic biomass is fermented and converted to sugars and then to
ethanol. Given the abundance of cellulosic biomass in the US, ethanol costs could be
reduced significantly if technologies are developed to produce ethanol from biomass
on a large scale. According to the Energy Information Administration, “analysis of
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technological goals for cellulose ethanol conversion suggests that ethanol could compete favorably with other gasoline additives without the benefit of a Federal subsidy if
the goals were achieved. Enzymatic hydrolysis of cellulose appears to have the most
potential for achieving the goals, but substantial reductions in the cost of producing
cellulase enzymes and improvements in the fermentation of nonglucose sugars to ethanol still are needed.”58
Dyadic International Inc. announced an agreement with Abengoa Bioenergy, the second-largest global ethanol producer, to develop one or more enzyme-mixture manufacturing systems for commercial development of cellulosic ethanol. Abengoa has
agreed to invest $10 million in Dyadic,59 and according to news sources, Dyadic will
use the funds for research including a cost-effective enzyme production system for
commercial use in bioethanol production.60
U.S. Agricultural Research Service
In light of ethanol’s dramatic impact on US farmers and the potential of biofuels to
serve as a clean, efficient fuel for use in the agricultural sector, the Agricultural Research
Service designed National Program 307, which is dedicated specifically to biofuels research. The Program has four components: Ethanol, Biodiesel, Energy Alternatives
for Rural Practices, and Energy Crops.61 Currently, the program includes 120 projects
throughout the United States including a study of the economic competitiveness of biofuels derived from grains and related biomass, an evaluation of ethanol technologies,
and a project on the fermentation quality of sorghum.
Biobutanol
Recently, Dupont and British Petroleum (BP) announced a partnership to develop and
market biobutanol as another clean and efficient alternative to gasoline. According to
Dupont, biobutanol will have higher energy content than other biofuels, can be blended at higher levels, and will be generated from the same feedstocks.62 Biobutanol is also
expected to be less susceptible to separation if exposed to water and can be produced
by retrofitted ethanol facilities.63 The partners continue to develop biobutanol and plan
to distribute the product as early as 2007.
U.S. Academic Institutions
Several elite US universities have opened research and development institutes to design technologies enhancing ethanol and biodiesel production.

Several institutions have received major research funding from major oil companies.
Stanford University received $225 million from BP and $100 million from Exxon for an
energy research program aimed at reducing greenhouse gas emissions. Texas A & M
University also has ties to oil companies, particularly Shell, which has donated to the
school for various projects. The University of California, Davis (UCD) hosts the UCD
Bioenergy Research Group and has been awarded $25 million by Chevron to develop
renewable transportation fuels from cellulosic material such as farm and forest residues, urban waste, and energy crops.
F) CONCLUSION
The upsurge in public and private investment in biofuels has improved the United
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The University of Minnesota’s Initiative for Renewable Energy and the Environment
(IREE) has funded more than 110 renewable energy-related projects involving over
275 faculty, research scientists, and students with grants totaling $19 million. In 2005,
IREE grants of $11.5 million leveraged an additional $9.3 million in funds from government and industry. Among the projects funded by IREE is the Center for Biorefining,
which coordinates the university’s efforts in exploratory fundamental and applied research, stimulates collaboration with the private sector, promotes technology transfer,
and fosters rural development. The center funds work on enzymatic hydrolysis and
the conversion of swine manure into biofuels. It also supports the Biofuels Utilization
Laboratory in the university’s mechanical engineering department, which focuses on
biofuels and engine performance.
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States’ prospects for energy independence and transformed the country’s agriculture
sector. While still reliant on subsidy programs and vulnerable to erratic commodity
prices, US corn and soybean farmers are capitalizing on the rush toward renewable
forms of energy. The incentives for US ethanol production will be strong as long as
oil prices remain above $30 per barrel. The extent to which ethanol producers can
maintain a competitive advantage will depend on corn yields and market prices. New
biotechnologies have helped to enhance production yields and reduce the overall increase in the amount of land harvested, but commodity prices and the opportunity
costs of ethanol production ultimately will determine its relative competitiveness in
the market.
Production and capacity trends for U.S. ethanol, biodiesel and cellulosic biomass remain on an upward trajectory due, in large part, to increased financial and tax support
from federal and state governments. Increasing demand will require more corn feedstock and may compel farmers to increase their yields or divert feedstock from other
uses. Trade support, including tariffs on foreign imports, will assist US ethanol producers to increase production. Despite concerns over a potential ethanol glut, strong
economic incentives, active government involvement, and sustained global demand
will continue to enhance the competitiveness of US biofuels. Increasing biofuels capacity and liberalizing trade policies will allow the US to respond to growing domestic
demand for ethanol and support a viable and efficient international biofuels market.
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Source: World Factbook

The principal goals propelling bioenergy in European countries are improving energy
security, boosting rural development, and reducing greenhouse emission reductions.
Transport is responsible for approximately 21% of the EU’s greenhouse gas emissions,
and recent European Commission directives have made biofuels in transport a regional
priority. Not all member states are equally committed to the objectives set by the European Commission, but all are trying to some extent to achieve EU targets. Biodiesel
accounts for 80% of European biofuels production and ethanol for the remaining 20%
percent. Active market actors and lobbying groups have contributed immensely to the
evolution of the market in recent years.
B) GOVERNMENT POLICIES
General Policy
Two European Commission directives will govern EU biofuels policy through 2010.
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The first of these, issued in 2003, consists of a series of non-binding measures aimed
at increasing biofuels supply and demand. The 2003 directive established an eventual
target of 5.75% biofuels consumption in the transportation sector by 2010. In order to
meet this target, the EU adopted its Strategy for Biofuels, which sought to:1
o
o
o
o
o
o
o

Stimulate demand for biofuels
Capture environmental benefits
Develop production and distribution capacity for biofuels
Expand feedstock supplies
Enhance trade opportunities
Support developing countries
Support research and development

The Biofuels Directive also includes monitoring mechanisms for member states. Each
country was required to report annually, beginning in 2004, on their biofuels measures
and the share of biofuels in their national markets. These reports will form the basis for
a European Commission biannual progress evaluation, which in turn will be the basis
for amendments to the system of targets.2
The Energy Tax Directive makes it possible for member states to grant tax reductions
and exemptions for biofuels under certain conditions. However, the two-year assessment report, together with the Energy Taxation Directive, aims to ensure that no overcompensation occurs. As production costs vary, especially for ethanol, the Commission
is investigating to what extent instruments can take this into account while respecting
international trade rules.
In 2006, the European Commission proposed extending an energy crop premium introduced by the 2003 Common Agricultural Policy reform to the eight member states that
do not benefit from it. This would involve increasing the maximum area which can
benefit from the aid to two million hectares from the current 1.5 million. The Commission also proposed allowing member states to grant national aid of up to 50 percent of
the cost of establishing multiyear crops in areas where an application for energy crop
aid has been made.3
The European Commission has also proposed additional changes to its recently
amended Fuel Quality Directive, which sets common specifications for transport fuels
used in mobile machinery such as vehicles, barges, trains and tractors. Under these
changes, which would promote new standards to reduce air pollution and arrest climate change, including through greater use of biofuels, the commission would:4
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o Oblige fuel suppliers to reduce CO2 emissions over the life-cycle of their fuels
(from refining to end-use); beginning in 2011, suppliers would have to reduce emis
sions per unit of energy by 1% per year from 2010 levels, resulting in a 10% cut by
2020;
o Establish a separate petrol blend with a higher permitted content of oxygenates,
including up to 10% ethanol;
o Propose the mandatory introduction of vapor recovery equipment at filling stations
to compensate for increased emissions of polluting vapors from greater use of etha
nol.
o Mandate that all diesel fuel marketed have an ultra-low sulfur content (with a maxi
mum of 10 parts per million) beginning in 2009.
o Reduce the maximum permitted content of poly aromatic hydrocarbons (found in
diesel fuel) by one-third beginning in 2009.
o Mandate a reduction in the sulfur content of gasoil used by non-road machinery
and inland waterway barges.
Relations with Brazil
The EU is Brazil’s largest trade and investment partner. In 2005, the EU market was the
destination of nearly a quarter of Brazilian exports, totaling $26.5 billion, an increase
of nearly 10% over the previous year.5 Total European investment in Brazil amounts to
$102 billion. Agricultural exports to the EU increased by 29% percent during the period
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2002-2004. Since 1999, Brazil and the EU have discussed establishing a free trade area
between Mercosur and the EU.
The EU is not a primary destination for Brazilian biofuels exports, however, because
the European market is largely focused on biodiesel. Still, the Netherlands and Sweden, which have focused more on ethanol, are two of Brazil’s most important biofuels
export markets, ranking fourth and fifth after India, Japan, and the US in 2005. Total
sales to these two markets were more than 500 million liters in 2005, nearly 20% of
ethanol exports.5
In 2004 the EC and Brazil signed an agreement for scientific and technological cooperation that could facilitate exchanges on biofuels.
C) CURRENT SITUATION
Energy Matrix
EU-25 primary energy consumption increased 41% from 1971 to 2003, a rate similar to
that in the US.6 Oil and natural gas remain the most important fuels. It is projected
that in 2030 total energy consumption in Europe will be 15% higher than in 2000. This
increase is expected to be met by natural gas and renewables.7
Chart 4a: Total Energy Consumption by Fuel (2004)
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Chart 4c: Breakdown of the Biofuels Production in the European Union in 2004

Biodiesel: 79.5%

Bioethanol: 20.5%

Source: Biofuels Barometer9

Biodiesel
The European Union is the global leader in biodiesel. In 2004, upon accession of the
new member states, the EU had 11 producer states. The top five biodiesel producers in
the world in 2005 were Germany, France, the US, Italy and Austria.10
The EU accounted for nearly 89% of all biodiesel production worldwide in 2005, and
its production capacity continues to expand dramatically.11 According to the European
Biofuels Board (EBB), biodiesel production in EU-25 countries jumped from 1.9 million
tons in 2004 to 3.2 million tons in 2005, a 65% increase. Most biodiesel is produced in
EU-15 states at the moment, although 20 EU countries produced the fuel on an industrial scale in 2006, up from 11 in 2005. By the end of 2006, EU biodiesel production
capacity was expected to reach 6 million tons. These production levels indicate the
transportation sector blend targets are not being met by member states, but changes to
the EU’s agricultural subsidy regime to encourage biofuels feedstock cultivation may
boost production in the near term.12
European seed oil producers are increasingly turning from soybeans to rapeseed,
which has a higher margin when used in biodiesel applications. Biodiesel produced
from rapeseed and sunflower seed oil now accounts for 80% of EU biofuels production. The EU became a net importer of rapeseed for the first time in late 2005, a trend
which is expected to continue as rapeseed imports increase to meet growing demand.
Rapeseed oil imports are expected to reach 290,000 tons in 2006, dwarfing the 2005
figure of 33,000 tons.13
Major biodiesel producers include Diester Industrie (French), ADM (US, German subsidiary), Novaol (French), Natur Energie West (German), Fox Petroli (Italian), MUW
(German), and Campa biodiesel GmbH (German).14
Chart 4d: EU Biodiesel Production since 1992
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Table 4a: Biodiesel 2006 Production Capacity
Country
Austria
Belgium
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
UK
Latvia
Lithuania
Luxemburg
Malta
Poland
Portugal
Slovakia
Slovenia
Spain
Sweden
The Netherlands
TOTAL

‘000 Tons*
134
85
2
203
81
20
0
775
2,681
75
12
0
857
445
8
10
0
3
150
146
89
17
224
52
0
6,069

*Calculation based on 330 working days per year, per plant.
The above figures represent an overall picture of the EU-25 biodiesel capacity on July 1, 2006.
Source: European Biodiesel Board16

Ethanol
Ethanol production has been increasing since 1993. The share of ethanol used for transport, rather than beverage or industrial uses, has increased from less than 5% in 1995
to 35% in 2005. It is projected that by 2015 the transport sector will account for 80% of
ethanol use.17
Spain is Europe’s largest ethanol producer, producing a total of 194,000 tons in 2004,
followed by France at 102,000, Sweden at 52,000, and Poland at 35,840. The EU-25 produced a total of 491,040 tons of ethanol in 2004.
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This sector is controlled by large industrial groups and agricultural cooperatives. The
Spanish group Abengoa is the largest ethanol producer in the EU. Its two plants in
Spain together produced 226,000 tons of ethanol in 2004.
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Chart 4e: EU Ethanol Production since 1993
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The EC reported in 2004 that ethanol production used about 1.2 million tons of cereals
(0.4% of total supply) and one million tons of sugar beets (0.8% of total supply).19 There
is potential for more crops to be diverted to energy production.
In February 2006 the EU reformed its sugar sector. The reforms included a 36% cut in
the internal sugar support price, elimination of the system of sugar purchases and a
partial sugar production buyback. Sugar beet production now qualifies for payments
when grown for biofuels purposes, and sugar used for the production of ethanol is not
subject to quotas.20
Table 4b: EU Sugar Beets and Wheat Production in 2005

Sugar Beet
Wheat

Harvested
2.2 million hectares (in 21 MS)
23 million hectares (in 25 MS)

Yield
57.4 tons per hectare
5.4 tons per hectare

Production
126 million tons
124 million tons

Source: USDA18

D) RESEARCH & DEVELOPMENT
An integral component of the EU Strategy for Biofuels is therefore the promotion of
investment in R&D at the European and national level. The chief goal of EU research
is to develop cost effective methods for producing advanced, second-generation biofuels, such as lingo-cellulosic ethanol, which produces fuel from waste rather than food
crops. Current techniques for producing such fuels remain uneconomical for commercial applications.21
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The current EU R&D agenda reflects a range of priorities and encompasses the entire
production-consumption chain of biomass energy. This extends from basic research
into plants, through breeding and selection, production, harvesting, drying, storing,
processing and conversion (chemical, thermal or biological) to combustion which generates heat and electricity - including combined heat and power systems. The transportation sector is also an area of heavy focus, and the potential application of biomass
fuel cell technology has attracted increased interest due to concerns over the sustainability and cost of hydrogen.
E) CONCLUSION
The European Union is expanding its biofuels sector significantly. The main drivers are
environmental concerns, the need to invigorate the rural sector, and energy security.
The outlook for a continued healthy biofuels market is good, and production is increasing at a rapid rate.
Despite producing a significant portion of global biodiesel and increasing production

A Blueprint for Green Energy in the Americas

4. EUROPE
of ethanol for transport, the EU faces a number of significant challenges in the coming
years. Most important is the limited availability of arable land on which to cultivate
biodiesel input crops such as rapeseed, although Ukraine’s EU accession could help
alleviate this constraint.22
EU biofuels policy is heavily influenced by the Common Agricultural Policy (CAP),
which has come under fire during the Doha Round of trade talks and has been the
subject of multiple unfavorable WTO rulings. In light of the recent sugar policy reform, it appears the CAP may be unsustainable in the long term, which may generate
uncertainty in the EU’s biofuels supply structure. Rapeseed and soybean imports by
EU member states have been increasing rapidly, and this may foreshadow a more general trend.23
A further challenge is that even with the use of the most advanced production technologies, biofuels produced in the EU are not cost competitive with fossil fuels at current
oil price levels. EU biodiesel currently breaks even when oil costs EUR60 ($76) per barrel, and EU ethanol would only break even at a EUR90 ($115).24 New input crops and
production methods could make biofuels more competitive. Ligno-cellulosic processing and biomass-to-liquid technologies, along with new forms of biodiesel, have been
mentioned as potential lower-cost alternatives to current technologies.25 Countries including Germany and the UK are actively promoting research into second-generation
biofuels.
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4.1 AUSTRIA

Source: World Factbook

A) INTRODUCTION
In addition to having abundant hydro and biomass resources, Austria is committed to
non-nuclear energy. Renewable energy enjoys a prominent position in Austria’s overall energy requirements, with consumption ranking third in Europe, after Sweden and
Finland.1 Hydropower is the country’s primary renewable energy source, and 10% of
Austria’s energy supply comes from biomass and waste.2 In 1991, Austria had opened
its first industrial biodiesel production plant.3 Since then, numerous other plants have
been constructed, and today Austria has the capacity to produce an estimated 133,000
tons of biodiesel a year.4

Austria’s revised Fuels Ordinance of November 2004 translated the EU Biofuels Directive into national targets for biofuels market share, obligations for fuel suppliers, and
sustainability certificates guaranteeing minimum requirements.5
Since October 2005, distributors in Austria have been required to incorporate a 2.5%
biofuels blend into fuels.6 The national target for biofuels in the transportation sector
is 4.3% by October 2007, rising to 5.75% by October 2008 for all combustion engine fuels
except those used for aviation.7 This schedule outpaces the targets required by the EU
Biofuels Directive.
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Tax incentives for biofuels include full exemption from the mineral oil tax (MOT) for
pure biodiesel, an exemption begun in 2000 to facilitate further consumption.8 Beginning October 1, 2007, a tax reduction for ethanol will be issued and the tax for ethanol
blends will be reduced by EUR5 ($6.4) per 1,000 liters.9 There is also a disincentive for
refineries that do not blend their products with biofuels in the form of a non-compliance penalty, which is EUR23 ($29.4) per 1,000 liters of diesel and EUR13 ($16.6) per
1,000 liters of gasoline.10
Relations with Brazil
There is currently no cooperation between Austria and Brazil in biofuels.
C) CURRENT SITUATION
Energy Matrix
Austria’s growing industrial sector requires new energy supplies.11 It has a significant
renewables sector, in which hydropower is the dominant source. 46% percent of the
country is forested, and there is already significant use of forest-related raw materials
for biomass energy, principally for district heating.12 Rapeseed is the primary feedstock for biodiesel production.
Chart 4.1a: Primary Energy Consumption in Austria (2004)
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Gas: 23%

Combination, Renewal
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Oil: 42%
Source: Austrian Energy Agency13

Chart 4.1b: Primary Energy Consumption from Renewables in Austria (2004)
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Production
There are now nine large-scale biodiesel plants in operation, with three more operating on a trial basis.14 Austria produced 85,000 tons of biodiesel in 2005, although it had
the capacity to produce approximately 125,000 tons.15 90 percent of Austrian biodiesel
was sold abroad, primarily to Italy and Germany, where the going price for biodiesel
is much higher.16 In 2006, Austria could produce as much as 134,000 tons of biofuels,
but will not likely produce to capacity.17 Currently, there is no large-scale production
of fuel ethanol in Austria.
Austria’s projected biofuels outlook through 2020 is summarized in the chart below.18
The Austrian Energy Agency estimates that the country will expand its use of biofuels
in the coming years, and Austria could realize its full potential by moving even further
beyond the EU mandates and issuing targets based on domestic production potential.
The Austrian Energy Agency has suggested increasing the content of biodiesel to diesel
from 4.7% to 10% by volume, increasing the content of ETBE to petrol from 5.75% to
15% by volume, creating infrastructure for gas vehicles such as bus and truck fleets,
and creating demand for gas and petrol vehicles.19
Chart 4.1c: A Potential Development Path for Biofuels through 2020
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Source: Austrian Energy Agency20

D) PRIVATE SECTOR

Austrian sugar company Agrana is building a 190 million liter ethanol plant, the country’s first, mainly using wheat and sugar beets as feedstock.22 The plant will be located
in Pischelsdorf and will become operational in mid-2007.23
E) RESEARCH & DEVELOPMENT
Since the first pioneering biodiesel research in 1973, Austria has continued extensive
research and development activities in the biofuels industry.24 The present version of
the Austrian Energy Research and Technology Plan (drafted in 2002) focuses on gain-
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Austria has two companies that are world leaders in industrial-scale biodiesel plants:
Biodiesel International with its multi-feedstock technology plants and Vogelbusch
with its ethanol plants. The country also boasts world-leading research institutions
and numerous smaller biofuels technology companies. In June 2006, Frankfurt-based
Lurgi AG began constructing a $25 million biodiesel plant with the capacity to produce
100,000 tons of biodiesel per year.21 When completed, this plant will be the largest
biodiesel facility in the country.
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ing technological leadership in bioenergy, increasing the share of renewable energy
sources in industrial processes, and boosting the use of renewables in transport, among
other goals.
Austria’s federal ministries, the governments of the Laender, FWF (Fonds zur Forderung der wissenschaftlichen Forschung), FFF (Forschungsforderungsond fur die
Gewerbliche Wirtschaft), ITF (Innovations und Technolgiefonds), and the Austrian National Bank each provide funding for renewable energy research activities.25 In 2005,
nearly $9 million in public money was earmarked for projects in the field of renewable
energy.
The Federal Institute of Agricultural Engineering has been a key actor in Austria’s biofuels R&D, particularly since it initiated a biodiesel pilot project in the mid-1980s.26
Additionally, the Austrian Biofuels Institute offers professional and logistical support
for biodiesel projects.
Aside from publicly funded research, private biofuels producers are developing new
and innovative technologies and approaches to utilizing biofuels. Biodiesel International is one such corporation and has collaborated with such organizations as Graz
University and Vogel & Noot.27
F) CONCLUSION
Through its high-level research institutes, Austria will increase its biofuels options and
could be at the forefront of future biofuels development. Significant potential exists for
technical cooperation between Brazil and Austria.
Endnotes
Austria, Federal Ministry for Economics and Labor, Renewable Energy in Austria 2nd Ed. (Vienna, 2003), 3.
2
Ibid, 3.
3
Federal Ministry for Economics and Labor, 16.
4
Ibid, 16.
5
Salchenegger, Staffan, Biofuels in Austria’s Transport Sector 2005 (Federal Environment Agency,
2004), 1-10.
6
F.O. Licht, 98.
7
Salchenegger, 6.
8
Federal Ministry for Economics and Labor, 16.
9
F.O Licht, 98.
10
Ibid, 98.
11
European Renewable Energy Council, Renewable Energy Policy Review Austria (European
Renewable Energy Council, 2004), 2.
12
Federal Ministry for Economics and Labor, 16.
13
“Renewable Energy and Energy Efficiency in Austria,” Chart, Austrian Energy Agency, 2006.
14
Salchenegger, 6.
15
164/COM/06, EBB Press Release April 26th 2006, 1.
16
Salchenegger, Staffan, 1-10.
17
164/COM/06, 1.
18
Kristin Harrich, Renewable Energy and Energy Efficiency in Austria (Vienna: Austrian Energy
Agency, 2004), 31.
19
Austrian Energy Agency, Implementation of EU and National Targets in the field of Energy Efficiency, Renewable Energy Sources and Climate Change Programs in Austria (Vienna: Austrian
Energy Agency, 2004), 45.
20
Renewable Energy and Energy Efficiency in Austria, Austrian Energy Agency, 2006.
21
“Refinery Projects June 2006,” NDT Cabin, 20 Oct. 2006 <http://www.ndtcabin.com/articles/
oil/0606005.php>.
22
Agra CEAS and F.O. Licht, How Canada Ranks: A Comparative Study of National Biofuels
Studies World-wide (Kent: F.O. Licht, 2006), 22.
23
Ibid, 22.
1

Prepared by Garten Rothkopf

250

A Blueprint for Green Energy in the Americas

4.1 AUSTRIA
Austria, Federal Ministry for Economics and Labor, 16.
Austrian Energy Agency, Renewable Energy in Austria Growing Importance, Austrian Energy
Agency, 2001, 20 Oct. 2006 <http://www.eva.ac.at/(en)/projekte/ren-in-a01.htm>.
26
Austria, Federal Ministry for Economics and Labor, Renewable Energy in Austria, 2nd ed. (Vienna: Federal Ministry for Economics and Labor, 2003), 16.
27
“The Development of Biodiesel,” Senternovem, REACT, 21 Sept. 2006 <http://www.senternovem.nl/mmfiles/The%20Development%20of%20Biodiesel_tcm24-117024.pdf>.
24

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

25

251

Prepared by Garten Rothkopf

252

A Blueprint for Green Energy in the Americas

4.2 CZECH REPUBLIC

Source: World Factbook

A) INTRODUCTION
Since Czechoslovakia split into Czech and Slovak republics in 1993, the Czech Republic
has been restructuring its state-owned companies in various areas, including the energy sector. The government has tried to improve its energy efficiency and reducing
carbon dioxide emission levels by introducing renewable energy laws and promoting
the industry. The country has no gas or oil and very limited hydro resources.1 With
two nuclear power plants and a natural coal supply that will remain a large component
of the country’s energy make-up for the foreseeable future, renewable energy comprises only about 3% of the country’s total energy consumption. The government has
set targets for a substantial increase, including having renewable sources provide 8%
of electricity by 2010.2 The country has been producing rapeseed-based biodiesel for
15 years.

Since 1990, the Czech Republic has supported the production of rapeseed oil methyl
esters (RME) for automotive fuel, under the “Oleoprogram”. Due to a series of grants
allotted to RME producers under the program, production plants were established in a
relatively short period of time. Additional public resources have been used to promote
RME and biodiesel production, and a biodiesel blend containing 31% RME has been
produced for domestic consumption since 1997. In 2004, a new subsidy system based
on world fuel prices was introduced, limiting subsidized production to 100,000 tons of
RME in 2005.3
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When the Czech Republic joined the European Union in May 2004, it was given until
2006 to adjust state aid for domestic RME production to meet EU standards. The country has since incorporated the EU Biofuels Directive into national policy measures in
the form of three main pieces of legislation. The first decree (No. 86/2002 Coll.) stipulates the obligation of producers, importers, and distributors to ensure a minimum
amount of biofuels and other fuels produced from renewable sources to stock the domestic fuel market. The second decree (No. 229/2004 Coll.) guarantees the quality of
RME according to international standards (EN 12214), including requirements for 31%
RME blended fuel/biodiesel. The third main biofuels decree (Government Order No
66/2005 Coll.) establishes a national system for placing biofuels on the open market.4
Biodiesel
Additionally, the government has instituted substantial, fuel-specific legislation aimed
at encouraging production. A subsidy for the production of RME compensates producers for the higher costs of production and lower energy efficiency of biodiesel.
The Czech government has also tried to create adequate market conditions for RME,
including by making the RME in blended biodiesel free of excise duties. Legislation
currently being drafted will allow biofuels use in 2007, following the cessation of the
country’s transitional period. Beginning in January 2007, a simplified refund program
will take effect for 5% RME biodiesel blends.5
Ethanol
The Czech Republic has developed a compensatory system for ethanol production as
well. Although no bio-ETBE production facilities are currently operational in the country, the Czech Republic is following the European standard of allowing up to a 5%
blend of ETBE in gasoline. Additionally, ethanol is expected to be marketed directly,
and high ethanol content fuels such as E85 and E95 will also be used.6
C) CURRENT SITUATION
Energy Matrix
As Chart 4.2a shows, the Czech Republic relies heavily on coal, oil, gas, and nuclear
energy. Biomass accounted for only 1.8% of energy demand in 2003, and its share in
2006 was 3%. The Czech Republic has substantial coal supplies, which provide the majority of energy production. Oil is primarily imported from Russia, though natural gas
is increasingly being imported from Norway to prevent excessive reliance on Russian
suppliers. Two nuclear power plants and limited hydroelectric power production also
supply the market.
Chart 4.2a: Primary Energy Demand of Czech Republic (2003)
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Chart 4.2b: Final Energy Consumption by Sector in Czech Republic (2003)
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Production and consumption of both ethanol and biodiesel are expected to grow significantly by 2010, according to recent report submitted to the European Commission.
As shown in the table below, rapeseed-based biodiesel is projected to almost double,
with domestic consumption (as a share of diesel) rising almost 40%. Ethanol production is expected to increase by 26%, with domestic consumption (as a share of gasoline)
rising nearly 20%.
Table 4.2a: Production Outlook of Biofuels and Their Share of Liquid Fuels

2006

2010

RME production

thous. ton

170*

320*

Ethanol production

thous. ton

174

220

Diesel sales

thous. ton

3300

3500

Petrol sales

thous. ton

2222

2357

Liquid fuels
(diesel + petrol)

thous. ton

5522

5857

RME share of diesel sales

%

4.63*

6.43*

Ethanol share of petrol
sales

%

7.8

9.3

Source: European Commission7; *Extrapolated from change in production
from 2004-2005

Biodiesel
Upon joining the EU in 2004, the government was forced to cancel its RME production
subsidies. The result was the deterioration of the local RME market and the collapse
of blended diesel consumption. Nonetheless, RME/biodiesel remains the most highly
developed biofuel in the country. Even though it produced below capacity in 2005, the
Czech Republic produced 133,000 tons and made a name for itself as a major biodiesel
producing country within the EU.8 In 2006, the country had the capacity to produce
203,000 tons of biodiesel though production was likely lower. There are now 14 RME
producers in the Czech Republic.9
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Chart 4.2c: Production of Rape (thousands of tones)
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Source: Promotion of the Biofuels Utilization in the Czech Republic by Using
Economic Tools

Ethanol
Production of ethanol/ETBE for automotive fuel has been confined to a series of pilot
projects to test its market potential. Further complicating its development, current legislation prohibits the dual use of alcohol production facilities for ethanol production so
as to avoid misuse and fraud; only “authorized producers” are permitted to sell ethanol on the Czech market. As new ethanol facilities become operational, consumption is
expected to increase from 2007 onward. However, the level of domestic consumption
will depend on the development of a flex-fuel car market in the Czech Republic.
D) PRIVATE SECTOR							
Recent domestic investment into biofuels includes Agrofert Holding, a leading domestic agricultural company and fertilizer producer, which plans to build a plant for
processing rapeseed for biodiesel, which is likely to be located in Lovosice in North
Bohemia. The company is also considering foreign acquisitions in biodiesel.10
Setuza, the leading Czech producer of biodiesel, with 45% of the domestic market,
has been unable to meet its financial obligations of up to Kc 4 billion (approximately
US$185 million), despite receiving numerous and generous government subsidies. The
leading domestic private equity company, PPF, has bid to take over the company and
its debt, although as this report went to press no decision had been reached as to which
company would acquire Setuza. The Setuza deal may have regional repercussions as
most of its biodiesel is sold to Germany.11
The government is also privatizing its banking, telecommunications, and energy sectors, a process that is expected to prompt added foreign investment.
E) RESEARCH & DEVELOPMENT
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The National R&D Policy 2004-2008 lists energy as one of several long-term research
priorities.12 A discussion in September 2006 among energy researchers at the Ministry of Industry and Trade revealed that a lack of funding is an impediment to energy
research.13 The Czech Republic is also currently the chair of the EUREKA Initiative,
which is committed to enhancing the competitiveness of European industry through
the promotion of cross-border, market-oriented innovation.14 Specific to biofuels research, the Czech Research Institute for Crops Production has undertaken a number
of studies funded by the National Agency for Agricultural Research, ranging from improved breeding of rapeseed to next generation ethanol processing methods.15
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F)

CONCLUSION

Based on its established biofuels targets, its allotted budget, and current agricultural production the Czech Republic has the capacity to become a major player in the
biofuels industry and has passed ambitious, national legislation to make it happen.
Still, there is some doubt that the country has the ability to fully implement its legislation. Government policies remain convoluted and excessively bureaucratic, which has
pushed biofuels producers to export an increasing amount of their product.
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4.3 FINLAND
A) INTRODUCTION
Finland is the second-largest European consumer of biofuels, after Sweden. However,
unlike many European countries, Finland has
used its biofuels more in industry and power
generation than in the transport sector. This
situation is likely to change soon, however,
given strong recent government support for
biofuels as a transportation fuel as part of its
overall energy strategy of promoting renewable energy consumption. An increase in
biofuels’ share of transport fuel from a paltry 0.1% in 2005 toward the EU 2010 target
of 5.75% should see both consumption and
production surge in Finland.
B) GOVERNMENT POLICIES
Energy Policies
In November 2005, a new energy and climate
strategy laid out the government’s approach
to meeting its Kyoto Protocol commitment of
restricting greenhouse gas emissions.2 Key
in the strategy are the adoption of renewable
energy resources and the improvement of
energy conservation measures.
The strategy sets out three main targets:3
1. Increasing renewable energy consumption 15% by 2015, and at least 40% by 2025.
Renewable energy would then account for
33% of primary energy consumption, as compared to 23% in 2003.
2. Reducing energy consumption 5% by 2015.
3. Cutting emissions by 11 million metric tons annually, in accordance with Kyoto Protocol commitments. This will be achieved, in part, by the acquisition of two million
metric tons of emission reduction credits annually.

Source: World Factbook1

This commitment is underpinned by the creation of the Biofuels Taskforce in late 2005
to study biofuels use and production for the transportation sector. The Taskforce submitted its report to the Ministry of Trade and Industry in March 2006. The key recommendation was that the share of biofuels in transportation fuel should reach 1% in
2008, 2% in 2009, and 3% in 2010. It is estimated that achieving the 2010 target will
result in annual costs of $66 to $106 million and a 4 cent per liter increase in fuel prices.5
The 3% target was deemed more realistic than the EU target of 5.75%, considering the
costs and the availability of biofuel feedstocks. The Taskforce further estimated that
the development of second-generation biofuels could boost biofuels usage to 7-8% by
2020.6
The Biofuels Taskforce has recommended that each oil retailer be given flexiblity in
determining the specific type of biofuel to be used and its source. Domestic oil refiners and retailers will be able to make decisions according to market prices and not be
restricted to domestically-produced biofuels or biofuels produced using raw materials
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Biofuels
Despite the 2003 Biofuels Directive, which set an EU-wide target of 2% biofuels use by
December 2005, Finland initially established a much lower target of just 0.1%.4 However, Finland took over the EU’s rotating presidency in the second-half of 2006, and
that responsibility seemed to produce a stronger commitment to the development and
use of biofuels.
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of domestic origin.7 This recommendation was backed up by the Prime Minister, who
emphasized that biofuels must be profitable in order to be sustainable.8 It has, however, contributed to fears that the Finnish biofuels industry will import cheaper raw
material such as Brazilian sugarcane and Malaysian palm oil instead of relying on local
feedstock such as sugarbeet.9
Despite the Taskforce’s more modest recommendations, the government has proposed
a law requiring adherence to the EU target of a 5.75% biofuels mix by 2010.10 The Finnish Prime Minister Matti Vanhanen has even said that investing in renewable energy
and biofuels is the only way that Western countries can influence oil prices because
energy demand will continue to grow faster than supply.11 Meanwhile, legislative
support for the biofuels industry continues to grow. In March 2006, 144 out of 200
members of parliament signed a private bill that would reduce the tax on ethanol and
biodiesel by at least 93 cents and 53 cents a liter respectively.12
The government has also unveiled the National Grain and Oil Seed Strategy for 20062015, which suggested that half a million hectares could be devoted to cultivating crops
for bioenergy production. Producing energy crops could boost the Finnish grain and
oilseed sector, especially since yields per hectare for grain and oil seed crops have
dropped over the last 15 years. By setting the goal of growing crops for biofuels production, the government hopes to provide the impetus needed to raise the yield level
by 20%.13
C) CURRENT SITUATION
Due to the cold climate, geographical location and industrialized economy, energy
consumption per capita is high in Finland. In 2005, the total energy consumption was
approximately 32.4 million tons of oil equivalent (MToe). Renewable energy, predominantly wood-based biofuels, accounts for 25% of total energy consumption, although it
is utilized more in the industrial and heating sectors than in the transportation sector.14
It is hoped that doubling the use of bioenergy over the next two decades will boost
energy self-sufficiency to 40%, from 30% in 2005.15
Chart 4.3a: Energy Consumption by Sector
Others: 13%
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Transport: 17%

Heating: 22%
Source: Ministry of Trade and Industry16
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Biofuels
Despite relatively high bioenergy use overall, Finland has not aggressively introduced
biofuels into its transportation sector; the government’s 2005 target for biofuel use in
the sector was a mere 0.1%, while the EU recommends that biofuels constitute 2% of
transportation fuel. Local consumption of biofuels for transportation has also been
relatively low, totaling just 6,160 metric tons in 2003.17
Ethanol
Finland produces 108 million liters of ethanol annually. Because local biofuels feedstock
such as barley is limited, ethanol production relies heavily on imported raw material
such as Brazilian sugarcane. The majority of production is slated for export markets,
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as local consumption is still minimal.18 This situation is likely to change with expected
biofuels legislation, which will see local biofuels consumption jump. The cultivation
of biofuels feedstock should also rise. The National Grain and Oil Seed Strategy has
projected that ethanol production from grains will rise significantly in 2008. 160,000
hectares of the proposed 500,000 hectares of land for energy crops production has been
slated for barley production, with each hectare of barley estimated to produce 1,000
liters of ethanol.19
Biodiesel
Biodiesel production in Finland is just beginning and is limited to a few players. The
largest biodiesel producer is Neste Oil, whose $132 million biodiesel plant (with an
annual capacity of 202 million liters) is scheduled to come on-stream in the second
quarter of 2007. The company also has plans to build a similar-sized plant at the same
location in Porvoo.20 The only other significant biodiesel producer in Finland is energy
company Fortum, which is building a biodiesel plant at its Porvoo oil refinery, due to
come on-stream in the summer of 2007, with an annual capacity of 170,000 tons.21
The main biodiesel feedstock in Finland is animal fat, as domestic production of turnip
rape is consumed almost entirely by the food industry.22 However, with the new government-backed initiative to develop energy crops, production of rapeseed is projected
to rise to more than 500,000 metric tons by 2015. To achieve this, the yield rate needs to
increase to 2 metric tons per hectare, because the maximum available land for oilseed
crops cultivation is 250,000 hectares.23 It is estimated that one hectare of rapeseed can
produce an average of 500 liters of biodiesel.24
D) PRIVATE SECTOR
The use of biofuels in the transport sector is just beginning, and the number of private
sector players is very small. As discussed, Neste Oil is the largest biodiesel producer
in Finland. The company also claims to have pioneered second-generation biodiesel
technology and intends to invest several billion dollars in new projects over the next
decade to further its strategy of producing biodiesel in various markets. Neste reportedly already has its eye on new plants in Germany and California.25
Private sector participation in the biofuels sector is expected to increase soon given the
projected upswing in biofuels consumption. A number of companies, such as Finnish
food company Lannen Tehtaat and energy firm St1 (see below), have conducted feasibility studies on possible biofuels plants. Specifically, Lannen Tehtaat is interested in
building an ethanol plant in either western or southwestern Finland, regions that are
large producers of barley.26
E) RESEARCH & DEVELOPMENT

Biofuels R&D projects are usually conducted via public-private joint ventures. Research Center VTT, the largest contract research organization in Northern Europe has
launched a pilot project on gasification equipment which will refine synthesis gas from
biomass (such as bark and peat) for the production of biodiesel. The project, with an
overall budget of $5.3 million, is one of the largest energy projects financed by the
Finnish Funding Agency for Technology and will involve private sector players such
as Neste Oil and forest industry companies UPM and SotraEnso.30
Another public-private project, St1 Biofuels Oy, a joint venture between energy firm St1
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The development of second-generation Finnish biofuels technologies is a key recommendation of the Biofuels Taskforce,27 as it is expected that new production technologies will at least halve the additional costs incurred by the economy in the utilization
of biofuels.28 Thus far, a large part of Finland’s second-generation biofuels R&D is concentrated on forest biomass as well as in community and farming waste.29 The main
government body funding biofuels research is the Center for Technology Development
(Tekes), which devoted 90% of the $20.5 million in 2004 funding for renewable energy
to bioenergy.
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and the Technical Research Center of Finland, has launched a pilot plant to produce
ethanol from waste generated by the food processing industry, which researchers say
should make ethanol production profitable even on a small scale.31
Private-sector companies are also engaging in R&D on their own. Local oil major Neste
Oil has unveiled the NExBTL technology, which is a biomass-to-liquid technology
that can produce biodiesel from either vegetable oils or animal fats. First-generation
technology generally relied exclusively on vegetable oils, and this new development
gives biodiesel producers flexibility in selecting raw material, which increases cost-effectiveness.32 NExBTL technology was awarded the Chemical Industry Federation of
Finland’s Innovation Award in 2006.33
F) CONCLUSION
With the ambitious new targets for biofuel use in the transport sector, it is clear that
biofuels consumption is set to rise in Finland. Growing demand will likely provide
the impetus for a series of new biofuels plants across the country. However, given
the limitations on domestic biofuels feedstock and the government’s unwillingness to
require sourcing from local biofuels production, it is likely that Finland will grow in
significance as an importer of both biofuels feedstock and biofuels end-products.
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Source: World Factbook

A) INTRODUCTION
France is currently the largest producer of renewable energy in Europe and possesses
an active biofuels sector.1 In 2003, it was the second largest EU producer of biodiesel
after Germany, and the second largest EU producer of ethanol after Spain.2 France is
a net energy importer; its total energy consumption exceeds its production by a large
margin.
B) GOVERNMENT POLICIES

In the fall of 2005, the French government announced an aggressive plan to raise domestic fuel ethanol production to 800,000 tons by 2008. Based on current consumption
forecasts, this amount would meet the 5.75% blend requirement and allow France to
reach the EU biofuels targets two years ahead of schedule. In order to achieve these
targets, all stakeholders (agriculture, the oil industry, car manufacturers, and the government) agreed in late 2005 to introduce higher levels of direct blending.4
The French government distributes its biofuels production quotas through a tender
system, and output up to these quotas is eligible for tax incentives. However, it remains unclear whether the existing incentives will be sufficient to spur the necessary
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A July 2005 law set ambitious biofuels targets that outpace the standards set up the
EU Biofuels Directive. By 2008, 5.75% of domestic fuel consumption must come from
biofuels; in 2010, the share will be 7%; and in 2015, 10%.3
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private investment.5 In 2005, the government’s quota was 417,000 tons for biodiesel
(VOME) and 100,000 tons for ethanol (ETBE). However, total biofuels production was
only 504,000 tons, up from 467,500 tons in 2004.
In addition to tax incentives, the French government also provides direct financial support to oilseed growers to stimulate production. Beginning in 2006, farmers will be
permitted to incorporate their own rapeseed oil into the fuel used on their farms. Some
elements in the government have expressed concern that this measure will lead to reduced tax revenue and uncertain environmental impacts. Moreover, tax increases on
biofuels passed in 2006 (32% for biodiesel and 15% for ethanol) may be an indicator of
the future direction of French biofuels policy.6
Relations with Brazil
During a May 2006 meeting, Presidents Chirac and Lula da Silva signed a bilateral
agreement to promote the development of biofuels industries in developing countries
(please see the Private Sector section below for additional information).7
Dagris, a French energy firm, has invested (along with Petrobras and Brasil Ecodiesel)
in a venture to research castor bean biodiesel and set up a plant to manufacture the
fuel in Bahia state. This investment was sparked by a 2003 state government incentive
program, which has attracted approximately $103 million in total private investment.
C) CURRENT SITUATION
Energy Matrix
Between 1973 and 2005, the structure of French energy consumption changed markedly. Coal decreased from 15% to 5% of energy consumption, oil decreased from 67%
to 33%, and gas doubled to 7%. Nuclear energy accounts for 42% of consumption. Renewables account for approximately 5% of energy consumption. Production in France
is now predominantly nuclear (89%) and renewable (9.4%). The country has also successfully diversified its oil supply, reducing dependency on the Middle East from 71%
percent in 1973 to 27% in 2005. The North Sea now provides 26% of France’s oil, Africa
11%, and Central Europe 23 %.8
Chart 4.4a: France’s Energy Consumption (2005)
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In 2005, 28% of renewable energy production came from hydropower, forest-related
products represented 58%, biomass 6%, and all other renewables amounted to 8%.
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Chart 4.4b: Renewable Energy Production (2005)
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In April 2006, Prime Minister Dominique de Villepin declared the government’s intention to increase production capacity through the construction of seven new biodiesel
and three new ethanol plants by 2008.11 The government intended to quickly approve
the manufacture of up to 950,000 tons of biodiesel and 150,000 tons of ethanol. Biofuels
producers such as Cristanol, Tereos, Abengoa, and Prolea rely heavily on rapeseed
oil, but they also use inputs from sugar beets, wheat, sunflower seeds, and corn crops,
which are all extensively farmed.12 The increase in production capacity and changes in
regulatory limits are expected to help the biofuels industry meet the targets established
by the government in 2005.
Ethanol
Ethanol is derived from domestically grown sugar beets, wheat, and other sources and
is converted to Ethyl Tertio Butyl Ester (ETBE), which can be blended with gasoline
to a maximum level of 15 percent. Approximately 120 million liters of ethanol are
converted into 219,000 tons of ETBE.13 French petroleum giant TotalFinaElf is the leading player in domestic biofuels production (the company is also active in a number of
other European countries) and has partnered with the French National Association of
Wheat Producers, the French Confederation of Beet Growers, and other producers to
build ETBE plants at the company’s refineries in Dunkirk and Le Havre. Along with
the Total refinery in Feyzin, these units produce all of France’s ethanol.14

Biodiesel
Domestic producers derive Vegetable Oil Methyl Ester (VOME) from both rapeseed
and sunflower seed oil of both domestic and foreign origin. VOME is blended with
diesel at a rate of 5% for commercial use and up to 30% for public transportation applications.16 Production of VOME biodiesel has nearly doubled during the past two years.
In 2004, domestic output was 348,000 tons, and production capacity by the end of 2006
is expected to reach 775,000 tons.17 Several manufacturers are planning on investing a
combined EUR one ($1.28) billion in the construction of up to 10 new plants.
France is a major exporter of rapeseed oil to Germany, which imported 1.18 million
tons of the crop, 68% of that country’s rapeseed imports in 2002 and 2003.18 There
are doubts that France can meet domestic consumption targets of VOME with available rapeseed. According to the French technical institute, the country would need to
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Total had planned to expand ETBE capacity by 155,000 tons through the construction
of two new facilities, but the company has been hesitant to commit to new investments
as a result of changes in tax incentives.15 (The recent reduction in the fuel consumption
tax to zero on fuels meeting mandated biofuels-blend targets may help the expansion’s
prospects.)
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devote all current rapeseed cultivation to biodiesel production to meet the 2008 target
of 5.75%. The rapid expansion of oleic sunflower cultivation, a projected 35% in 2006,
indicates that alternatives are already being pursued. Imports of rapeseed or other
vegetable oils are another possible path to meeting domestic demand.19
D) PRIVATE SECTOR
Created through the merger of Union SDA and Beghin-Say, market leader Tereos
planned to begin production at its new EUR90 ($115) million ethanol plant at Origny
Sainte Benoite (Aisne) in October 2006. This factory, which will primarily process sugar beet syrups, will have the capacity to produce 300 million liters of ethanol per year
and will replace an existing facility with less production capacity. The company also
plans to refit the former SODES synthetic ethanol plant at Lillebonne (Seine-Maritime)
in 2006 at a cost of EUR130 ($166) million. The Lillebonne factory will be able to process up to 840,000 tons of wheat into 300 million liters of ethanol per year. Tereos also
operates ethanol distilleries at Bucy, d’Artenay, de Morains, and Lillers, which have a
total capacity of 80 million liters. Following a 2006 merger with Sucreries et Distilleries
des Hauts de France, which produced 45 million liters of ethanol from 400,000 tons of
sugar, the Tereos group possesses ethanol production capacity of 700 million liters at 13
distilleries in three countries. The company’s expansion plans project a total capacity
of 1.5 billion liters per year by 2010.20
Cristal Union (CU) is another big player in the French ethanol market. The company
has invested EUR180 ($230) million in ethanol production capacity and had a total
output in 2004/5 of 160 million liters. CU reportedly plans to commence production
of up 350 million liters of ethanol per year at its new Bazancourt-Betheniville (Marne)
plant in 2007.
A number of other companies have also indicated interest in entering the French biofuels market. Groupe Soufflet, a privately-owned agribusiness firm, has announced
that it will build an ethanol plant at Le Meriot, where up to 300,000 tons of wheat will
be processed per year. Roquette has proposed constructing a similar plant in Alsace.
Finally, Abengoa of Spain plans to build a EUR100 ($128) million ethanol plant at Lacq
in southern France that will process up to 180,000 tons of biofuels inputs.21 Diester
Industrie, a large farmer-owned biodiesel company is also exploring plans to double
production capacity at its Compiegne and Grand-Couronne plant and to build three
new plants in Sete, Saint-Nazaire (Façade Atlantique), and Le Meriot by 2008.22
E) RESEARCH & DEVELOPMENT
A primary driver of R&D is the French scientific interest consortium Agriculture for
Chemical and Energy (AGRICE), which supports attempts to develop new, non-food
uses for renewable plant-based products. AGRICE promotes research in a number of
areas related to industrial conversion of crops to chemicals (e.g., solvents, lubricants,
and surfactants), materials (e.g., polymers), and energy (liquid and solid biofuels). The
consortium began its activities with projects tasked with replacing products derived
from fossil-sources with plant-based products. AGRICE has subsequently expanded
its operations to encompass agronomic improvements, project economics, market research, and environmental assessments.23
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The government-funded National Institute for Agricultural Research (INRA) also supports biofuels research as part of its broader research mission. INRA has identified
ethanol production as a focal point, particularly in the area of lignocellulosic-derived
fuels.24 Such second-generation biofuels have attracted increased interest in Europe in
the past year, and researchers in Germany and the UK are pursuing similar avenues.
The crops targeted for study are dry by-products such as straw (from cereals, corn,
etc.), annual crops harvested as whole plants (such as wheat), perennial crops harvested annually (such as alfafa), other perennial crops (such as switchgrass), and forests
containing a variety of species for the production of woodchips.25
One of the sponsors of INRA’s work is the National Research Agency (ANR), through
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its National Bioenergy Research Programme. With nearly $20 million in annual funding, the program is dedicated to expanding the range of bioenergy resources in France.
98% of the total funding goes to various lignocellulosic research projects, including
economic analysis and process optimization.26
The French government also announced in May 2006 that it would commence an investment program of EUR4 ($5.1) billion, a large portion of which is destined for renewable energy and biofuels research.27
F) CONCLUSION
France’s official objective for biofuels blends in the country’s transportation sector is
nearly twice that of the EU target through 2010.28 However, the government’s strategy
for meeting this target remains murky, and successor governments may yet reverse
course. However, as an integral component of the government’s stated policy to reduce
dependence on both hydrocarbons and foreign energy supplies, France’s commitment
to expanding biofuels production capacity is fairly clear.29
Remaining challenges are the supply of biofuels feedstock and the cost competitiveness
of domestic production. However, the tax incentive program will likely be altered if oil
imports originating outside the EU increase to a politically untenable level. In order to
discourage a significant increase in the importation of biodiesel input, the French government has begun exploring biodiesel options other than VOME and crude vegetable
oil, such as Animal Oil Methyl Ester (AOME) and Vegetable Oil Ethyl Ester (VOEE).30
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Source: World Factbook

A) INTRODUCTION

Germany has pursued a more aggressive policy than the one put forward by the European Commission directive on biofuels. Like most of Europe, Germany is pushing its
domestic biofuels industry to decrease dependence on fossil fuels for environmental,
geopolitical, and security reasons. The country’s obligation to pursue a reduction of
greenhouse gas emissions under the Kyoto Treaty, along with long-standing initiatives
to increase energy efficiency, has created an environment conducive to biofuels consumption.
Germany is also an active participant in the EU research goals of developing cost-effective technologies for producing second-generation biofuels, such as lingo cellulosic
ethanol, created from waste products rather than food crops.
B) GOVERNMENT POLICIES
German promotion of renewable energy is governed by the March 2000 Act on Grant-
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Already the leading global producer of biodiesel, Germany has established a technology exchange with Brazil to further develop its industry. Germany is also a global
leader in the broader application of alternative fuel, and in 2006 it provided 10.2% of its
electricity needs through renewable sources.1 In 2005, renewable energy accounted for
6.4% of Germany’s total energy supply, and the renewables industry saw turnover of
EUR16 billion and employed (directly and indirectly) 170,000 people.2
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ing Priority to Renewable Energy Sources and an August 2004 amendment to that law.
This law sets a series of targets for the incorporation of renewable forms of energy into
the national energy supply over the next two decades. Operators of electrical grids
have an obligation to give priority to renewable sources, and renewable electricity supplies must comprise at least 12.5% of total supply by 2010 and at least 20% by 2020. The
2004 amendment to the act eased the implementation of these targets, particularly with
regard to investment in infrastructure and distributional networks.3 The current rightleft coalition government recently announced its intention to increase mandatory targets in the transportation sector, exceeding the levels envisioned by the EU directive.4
EU member states are bound by a European Commission directive from 2003 to promote the use of biofuels in the transportation sector. Initially, it was mandated that biofuels replace 2% of all petroleum fuels by the end of 2005 and 5.75% by the end of 2010.
The current German government included this directive in its coalition agreement. The
biofuels portion will be achieved primarily by blending biofuels with fossil fuels and,
to a lesser extent, through the use of pure biofuels. In their “Biomass Action Plan”, the
European Union recently strengthened its stance on biofuels.5
The German government recently announced renewable energy goals that exceed EU
directives.6 The share of renewable energy should increase:
• to at least 4.2 % of total energy consumption by 2010, to at least 10% by 2020, and to
about 50 % by mid-century;
• to at least 12.5 % of electricity consumption by 2010 and to at least 20% by 2020;
• and to 6.75% of fuel consumption by 2010.
There is currently a complete tax exemption for biofuels. With a normal tax rate of
EUR0.65 ($0.83) per liter on petroleum fuels, this incentive greatly increases personal
and commercial biofuels consumption.7 The Government’s program of market-based
incentives is financed through revenue derived from ecological tax reforms and received a total of EUR193 million ($246 million) in federal funding in 2005. The draft
budget for fiscal year 2006 proposed an increase to EUR180 million ($230 million).
Aside from tax incentives, the government has also assisted larger bioenergy projects
through low-interest loans from the Reconstruction Loan Corporation (KfW). Such
projects have so far included biogas plants, biomass heating plants, and geothermal
systems.8
The result of the German government’s efforts has been a concrete expansion of production and consumption of biofuels in the country. The 2004 amendment to the Renewable Energy Sources Act led to a marked acceleration in the area of electricity generation from biomass. The enhancements in the most recent version of the law include:
• the optimization of payment rates according to size of installation
• the awarding of special premiums for the use of renewable energy crops and/or forest waste
• the promotion of new technologies for operating biomass facilities in combined
heat and power plants (CHP)
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At the end of 2004, the German Federal Government outlined a fuel strategy for Germany as a part of its first progress report on strategies for sustainable development.
The government announced that it intends to comply with the EU target trajectory
for biofuels consumption of 2.0% of total fuel consumption this year. 2004 also saw
the publishing of an assessment by a group of experts on the potential for various
technologies, including the use of biofuels, to assist in the reduction of greenhouse gas
emissions. The assessment made several main points:9
• Through 2020, biodiesel and ethanol are expected to play an increasingly important
role in the German energy supply, especially as admixtures to traditional petroleum
fuels. However, the development of domestic biofuels supplies will be constrained
by the limited area for feedstock cultivation.
• The existing tax incentive scheme should be continued in the medium term to spur
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continued consumption of biofuels
• Beyond 2020, special emphasis should be given to alternatives with the greatest
capacity to replace fossil fuel consumption, such as:
o Synthetic fuels from solid biomass (BTL)
o Combined drive systems (hybrid automobiles)
o Hydrogen (engines and fuel cells)
• While a great deal of the technology necessary to implement these recommendations currently exists, the report recommended continued R&D support, particularly in the area of BTL technologies.
Relations with Brazil
Germany has had strong ties with Brazil since the beginning of the 19th century. Germany is one of five major foreign investors in Brazil (together with the United States,
Spain, France, and the Netherlands) and is one of Brazil’s most important commercial
partners. The two countries hold an annual meeting of governmental authorities and
business leaders (the Brazil-Germany Economic Meeting) to foster bilateral economic
relations. Energy cooperation is one subject which has been discussed at these meetings. The most recent, which took place in July 2006, involved 450 companies from both
countries.10
Brazil - Germany trade flows totaled $9.1 billion in 2004. Germany imports mainly
soybeans, iron ore, and coffee, while Brazil imports machinery and equipment from
Germany.11 The Brazilian-German Chamber of Commerce is very active in trade relations between the two countries.
C) CURRENT SITUATION
Energy Matrix
As demonstrated by the graphs below, Germany has had success diversifying its energy supplies. Renewables account for 4.5% of total energy supply. The largest share
is used for heating and the second largest share for electricity. Transport accounts for
12.2% of total renewable energy supply.
Chart 4.5a: Primary Energy Supply from Renewable Sources (2005)
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In the German transport sector, biofuels consumption has experienced dramatic growth
in recent years. Biofuels currently account for 3.6% of final energy consumption in
transportation. From 2004 to 2005, biofuels sales rose from 1.1 to 2.2 million tons.
Biodiesel accounted for the bulk of sales in 2005 (1.8 million tons), though ethanol (0.22
million tons) and plant oil (0.19 million tons) showed strong gains during the same period. In addition to significant increases in production capacity, the Mineral Oil Tax Act
has proved a primary driver of this growth in biofuels consumption. Under this law,
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petroleum-biofuels blends are eligible for a range of tax credits and exemptions.12
Chart 4.5b: Trends in energy generated from biogenic vehicle fuels
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As in most other Western European countries, the primary constraint on the continued
development of the German biofuels sector is the limited amount of arable land. The
cultivation of input crops currently occupies a government-mandated 1.2 million hectares. Rapeseed is the largest crop in terms of area, with 0.4 million hectares devoted to
its cultivation. The government has designated 0.15 million hectares of wheat for ethanol production and 0.1 million hectares for the production of other biomass-derived
products, such as lubricants, insulation, and paint. The remaining 0.55 million hectares
designated for biofuels’ feedstock have yet to be utilized. Rapeseed for non-biofuels
applications has also grown by an additional 0.34 million hectares.13 The potential for
domestically produced biomass is estimated to be sufficient to meet between 9% and
14% of total domestic energy demand in 2030.14
Table 4.5a: Area and energy potential for common liquid biofuels in Germany, 2005

Rapeseed
(1000 ha)

Wheat for
Ethanol
(1000 ha)

For
thermo-chemical
conversion
(1000 ha)

Total area
available
(1000 ha)

Arable Land

342

-

-

11,825

Set-Aside Land

400

150

550

1,200

Potential of
RME/ Ethanol
(PJ/a)
50

Source: Kaltschmitt at al., 2005. 24
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Biodiesel
Production
Germany is Europe’s leading producer of biodiesel and accounted for nearly half of
the EU production total as recently as 2003 (see Chart 4.5b). In 2004, twenty firms produced approximately 1.1 million tons of biodiesel in the country. Of the seven largest
biodiesel producing firms in Europe, three are German, and a fourth is the German
subsidiary of an American company.15 Germany is one of three European countries
(Sweden and Austria are the others) where the sale of pure biodiesel for use in adapted
engines is permitted. Production remained relatively stable from 2000 to 2003, and following a dramatic decrease in 2004, capacity increased by nearly 50% in 2005.
Rapeseed-derived biodiesel, also known as fatty acid methyl ester (FAME), is currently
the most widely used biofuel in Germany. Biodiesel production capacity is expected to
increase to approximately 3 million tons by the end of 2007.16
The German government’s subsidy regime for biodiesel input crops is in transition. At
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the moment, production of up to 100,000 liters of rapeseed oil per farm is subsidized;
however, the federal government has introduced a new subsidy system that is expected
to spur an additional 350,000 tons of biodiesel production per year in the near term.17
Consumption
In 2004, roughly a third (376,000 tons) of total biodiesel production (1.1 million tons)
was distributed through retail channels in Germany, and the remainder was supplied
directly to industrial and commercial consumers or blended with fossil fuels.18 Commercial consumers such as truck fleet operators were responsible for roughly 60% of
biodiesel consumption in 2004.19 It is difficult to estimate the breakdown of biodiesel
sold through retail channels, as both commercial and private consumers purchase fuel
from Germany’s 1,900 biodiesel outlets. Biodiesel sales increased from 130 thousand
tons in 1999 to 1.7 million tons in 2005. An important factor in the success of biodiesel
in Germany is an exemption from the mineral oil tax, which renders the fuel significantly cheaper than traditional diesel. (This price advantage is partially offset by the
mileage differential between the two fuels, as biodiesel offers less energy per liter than
diesel.20) Biodiesel derived from rapeseed oil is currently the only type covered under
warranty by German car manufacturers.21
Consumption patterns are likely to change with the introduction of the EURO IV set of
emissions standards for passenger vehicles, which will all but preclude the use of pure
biodiesel in passenger cars. Producers are therefore expected to concentrate their marketing of pure biodiesel to commercial fleet operators in the future. Biodiesel blends
of up to 5%, which are compatible with the EURO IV standards, will likely become the
primary form of retail consumption.22
According to the Federal Biogenic and Renewable Fuel and Power Association (BBK),
Germany’s new tax regime for biofuels and the decline of oil prices over the past
months have resulted in a loss of price competitiveness for pure biodiesel.23 The BBK
has consequently advocated a more favorable tax and compensation scheme, and the
Federal Parliament is expected to revisit renewable energy policy in early 2007.
Ethanol
Production
Germany is a relative newcomer as a producer of fuel ethanol, with its first production
commencing in late 2004 at the Mitteldeutsche Bioenergie plant in Zorbig (SachsenAnhalt), which has a capacity of one million hectoliters. A 2.6 million hectoliter plant
at Schwedt (Brandenburg) began production in 2005. In contrast with the rest of the
EU, synthetic alcohol also accounts for significant segment of the market in Germany.
The country’s main producer, Sasol, operates a 140,000 ton plant in Herne, which corresponds to roughly 80% of the industrial market.24

As mentioned above, the traditional market for ethanol is expected to stagnate, while
demand for ethanol in fuel applications is expected to continue its increase. The capacity of the newly opened plants is more than sufficient to supply the current demand for
ETBE, which is 600,000 tons annually. The excess capacity is likely to be employed in
the production of ethanol for fuel-blending applications.26
The current government is expected to slash direct subsidies for sugar production,
thus raising the price for ethanol inputs in the near term. The reduction of sugar subsidies could impact German agricultural production and encourage the consolidation
of sugar beet growers attempting to achieve the economies of scale necessary to make
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The German Government does not regulate ethanol according to its intended use. The
implication of this stance is that alcohol produced for human consumption and industrial purposes is treated in the same manner by the federal authorities. Because the
federal government maintains the exclusive right to market alcohol within Germany,
the government buys alcohol from producers at officially-set rates. This arrangement
has resulted in an industry populated by small and medium-sized producers, though
there has been a recent trend toward consolidation. The leading producers are currently KWST, Südzucker, and Sauter.25
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the crop’s continued cultivation viable.27
Germany is the largest importer of biofuels products within the EU, with approximately 23% of total European production sold in the country.28 This figure corresponds
to about 200,000 cubic meters of biofuels. Germany is an exporter of synthetic ethanol,
which is not used in fuel applications, but rather for chemicals, pharmaceuticals, cosmetics, and food.29
D) PRIVATE SECTOR
The Association of the German Biofuels Industry (VDB) is an important private promoter of biofuels initiatives, particularly with regard to biodiesel.30 There are currently
20 biodiesel producers in Germany operating on an industrial scale, the majority of
which are domestic firms. Foreign firms have also pursued investments in Germany; Cargill began construction on a EUR25 million biodiesel manufacturing facility in
Frankfurt am Main, which will eventually produce up to 250,000 tons per year.31 Given
the size and increasingly attractive nature of the German biofuels market, the UFOP
expects foreign investment to make up a significant portion of total biofuels investment
in Germany in the near term.32
Because domestic rapeseed supply has not kept pace with demand from the biofuels industry, German biodiesel producers have begun investing in oilseed cultivation
abroad. EOP Biodiesel, a large German producer, recently announced a joint venture
to cultivate rapeseed in Ukraine, and other producers are expected to pursue similar
avenues in the near future.33
E) RESEARCH & DEVELOPMENT
Official governmental support for R&D in renewable energy has its origin in the first
Arab oil embargo of 1973. In Germany, the Federal Ministry of Food, Agriculture and
Consumer Protection (Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz) is the primary governmental supporter of R&D projects related to
bionergy. In 1999, the government introduced its Market Incentive Program, which
offers over EUR200 million ($255 million) annually for renewable energy programs,
including biofuels research. Under the auspices of its Renewable Resources Agency,
the Ministry funds 92 bioenergy projects at a cost of EUR28.4 million ($36 million). The
Ministry’s current bioenergy R&D priorities are biogas and biofuels, particularly vegetable oils and solid biomass-to-liquid (BTL) applications for transportation.34
The VDB is also an important coordinator of R&D activities and works with other industry groups to promote such activities. These include the Union for the Promotion
of Oil and Protein Plants (UFOP), the Biodiesel Quality Management Working Group
(AGQM), and the Agency for Renewable Resources (FNR).
The Automobile Industry Association (VDA) has expressed its desire to promote the
further development of second-generation biofuels technologies, such as Biomass to
Liquid fuels.35 The VDA’s efforts to coordinate industry involvement in biofuels R&D
appear to remain in their infancy. The profusion of diesel technology in the Germany
automobile market could push automakers’ funds toward biodiesel research and away
from domestic ethanol efforts.36
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F) CONCLUSION
Germany’s status as a leading global producer of biofuels, particularly biodiesel, depends on both substantial government support and high petroleum prices. Recent
market developments and tax system changes have decreased the competitiveness of
the domestic biofuels industry. While the government is committed to increasing the
use of alternative energy sources, challenges for the industry remain. Beyond national
tax incentives, agricultural production is heavily influenced by the EU’s Common Agricultural Policy (CAP). Depending on the direction that future multilateral trade negotiations take, the EU’s system of subsidies and other economic aid to agricultural pro-
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ducers could change drastically in the long-term. Because of the connection between
agricultural commodity price levels and the competitiveness of biofuels, the evolution
of international trade regimes will also shape the development of this market.37
Germany and Brazil already have a strong bilateral relationship rooted in trade, and
the two countries are actively exploring cooperation in area of biofuels.
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4.6 HUNGARY

Source: World Factbook

A) INTRODUCTION
Due to limited legislation, poor climatic conditions and marginal crop yields, Hungary
has yet to develop a viable biofuels industry. Unlike its neighbors, Hungary has not
demonstrated interest in aggressively engaging the sector. A lack of political will and
marginal demand provide few incentives for the government and investors to promote
the industry. While Hungary has made concerted efforts to diversify its energy matrix
and reduce dependence on Russian oil, the country has not dedicated the necessary
resources to cultivate the industry. At present, the country struggles to comply with
EU biofuels directives and is not projected to be a notable player in the region.
B) GOVERNMENT POLICIES

In 2001, the government instituted an energy plan envisaging that the country’s primary energy supply would grow 1% between 2000 and 2020. According to the plan,
the share of coal is expected to decrease by 11%, oil is to remain stable at 31%, and gas
is expected to increase to 41%.3
Over the last several years, Hungary has focused on diversifying its primary energy
resources away from petroleum and away from Russia. Further, the country has and
continues to promote increased energy efficiency by encouraging conservation, price
deregulation, environmental protection, and foreign investment in energy projects. On
May 1, 2004, Hungary acceded to the European Union and continued to adjust its energy policies to conform with EU directives.
Coinciding with its accession to the EU, Hungary committed itself to the standard 2%
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Despite the overarching power of the Soviet Union, Hungary began reforming its economic and energy structure as early as the 1980s. The country undertook a number
of initiatives that slowly enabled economic liberalization and the diversification of the
country’s energy matrix. The government signed the United Nations Convention on
Climate Change in 1994 and is obliged to reduce its carbon dioxide emissions by 6%
between 2008 and 2012. Hungary is also eligible to participate in Joint Implementation
projects assisting other countries to comply with their emissions reductions commitments.2
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target for renewable energy by 2005 and the 5.75% target for 2010. Hungary developed
biofuels legislation in order to comply with two relevant EU directives on biofuels:
Directive of 2003/30/EC4 for vehicles and Directive 2003/96/EC5 for the harmonization
of energy taxes.
In 2004, the Hungarian Government approved a national plan for the promotion of
the use of biofuels for transport with the intention of providing a legal and regulatory
framework that would enable the commercial production of biofuels. Hungary’s Renewable Energy Sources (RES) target for biofuels was legislated under 2233/204 and set
an original national target of 0.4-0.6% utilization for 2005, and a 2.0% target for 2010.
The Hungarian Parliament set a revised goal of 2% for 2007 and 4% for 2010.6
In the official 2004 report to the European Commission on the promotion of biofuels, the Hungarian government stated that due to professional and financial considerations, direct blending of bio-ethanol in engine fuel was not advisable.7 As of 2005,
Hungary had not achieved the 4% target, leading policymakers to encourage greater
biofuels consumption.
Biofuels Incentives – Excise Tax Reimbursement and Direct Area Payments
According to a 2004 European Commission report on Hungarian biofuels, amendments to the Act on Excise Tax eliminated the tax-free status for pure biodiesel and only
recognized biofuels blended with ETBE. The amendments established the following
excise tax reimbursements:
• $0.23/liter for biodiesel sold by gasoline company with maximum 5% blend in 2005
• $0.39/liter of bio-ethanol with a maximum 7.05% blend.
Without the exemption, an excise duty of EUR340 per 1000 liters would be
applicable to biodiesel and an excise duty of EUR414 per 1000 liters would be
applicable to ETBE.8
Compulsory blending standards will be removed for bio-ethanol in June 2007 and for
biodiesel in January 2008, but retailers must utilize a minimum of 4.4% to be eligible
for the lower excise tax.9
Further incentives for biofuels producers include Direct Area Payments, which provide grains and oilseed producers with a EUR86.21/hectare payment in addition to a
national government payment of EUR 80.92/hectare in 2005. The European Agricultural Orientation and Guarantee Fund may also provide biomass producers with an
additional EUR32/hectare.10
More recently, the European Commission expressed its intention to provide crop subsidies to Hungary and the other states that acceded to the Union in 2004. The subsidies will provide EUR45 ($57) per hectare beginning in 2007 with an area limit of
two million hectares, allowing subsidies of up to 50% of the costs of establishing new
energy crops.11 Further, a January 2006 government planning session led to renewed
discussion on biofuels and biofuel incentives. Officials stated the bio-fuel industry
will be a priority under the National Development Plan II and will propose excise tax
exemptions for E85 fuel and make additional provisions for the use of biodiesel.12 The
EC and the Hungarian government hope the subsidies will enable the biofuels industry
to take root.
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C) CURRENT SITUATION
Energy Matrix
Domestic energy production currently provides approximately half of Hungary’s energy needs, with dominant supplies derived from oil, gas, coal, nuclear power and
lignite. The remaining 50% of Hungary’s energy needs is met by oil imports.
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Chart 4.6a: Hungary’s Energy Matrix (2004)
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Source: International Energy Agency13

Through the country’s energy plan, Hungary is beginning to diversify away from oil
and is incorporating a greater proportion of natural gas into its energy matrix.
Table 4.6a: Hungary’s Primary Energy Supply 1990-2010 (millions of metric tons of
oil equivalent)

* includes renewables (other than hydro) and energy-from-waste
Source: OECD/IEA14

Current energy policies and limited investment in renewable energy capacity render
the prospects for biofuels limited in the short to medium term.

Hungary’s two distilleries, Hungrana and Gyori Szeszipar, are responsible for all of the
countries 10,000 metric tons of bio-ethanol production in 2005. Less than a half of that
production was absorbed within the domestic market by the oil company Mol, with the
remainder being exported to Slovakia and Austria.15
Biodiesel
Hungary utilizes an area between 70,000-140,000 hectares for the production of rapeseed, which yields between 100,000-300,000 metric tons annually. While no commercial biodiesel was produced or sold in 2004, the Ministry of Agriculture and Rural De-
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Ethanol
While current production of ethanol is limited, Hungary possesses ample, arable land
suitable for the production of grains and other feedstock. While large tracts of land
could be utilized for feedstock production, poor crop yields have dissuaded investors.
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velopment recorded 2,000 metric tons of biodiesel production in 2005.16 While information on the processing capabilities is sparse, there are isolated instances of industry
investment.
Production and Consumption
As the exclusive consumer, the Mol Company’s purchase agreements dictate production levels. Mol’s 2007 production targets were 50,000 metric tons of biodiesel and bioethanol, and the company projected an annual increase of 10,000 metric tons to 2014.17
Beginning in 2007, the Hungarian government plans to construct a series of smallscale bio-ethanol plants in collaboration with local livestock farmers. According to the
Hungarian Ministry of Agriculture, the government does not intend to subsidize the
construction of the plants due to the fact that investors may qualify for other pre-existing incentives (e.g. corporate tax holidays, subsidized loans) and may also qualify for
EU subsidies.18 Interest in developing the plants has since dwindled due to falling oil
and industrial alcohol prices.
D) PRIVATE SECTOR
Despite the fact that Hungary has limited supporting legislation and a minimal production base, foreign investors are injecting capital into the country’s biofuel sector,
albeit on a relatively small scale. Last year, Amidonn Kft, the Hungarian division of
Italy’s Catelli Holding, announced plans to build a EUR100 million agro-business complex in northeastern Hungary. The complex will include an apple-gelatin plant, a plant
for pharmaceutical additives and a bio-ethanol plant. The complex is expected to be
operational by in 2-3 years.19
Further, Swedish ethanol investor Sekab recently announced plans to invest EUR60
million in four Hungarian ethanol plants. To date, no domestic venture capital firms
have invested in Hungarian biofuels.20
While interest in investing in Hungarian biofuels is marginal, Hungarian firms have
invested in biofuels outside of Hungary’s borders. In late July 2006, a consortium of
seven Hungarian companies, US-based CSLM Development, and Germany’s Commerzbank formed to develop a EUR380 million bio-ethanol project in Serbia. The project
is expected to require one million tons of wheat and 500,000 tons of maize and is projected to produce a total of 545,000 tons of ethanol from the two feedstocks.21
E) RESEARCH & DEVELOPMENT
While research into Hungarian biofuels is limited, a few notable organizations are conducting research into the viability of bio-ethanol and biodiesel in the country. The
Combustion Institute promotes and disseminates research into the field of combustion
science and organizes conferences on subjects including biofuels and fluid dynamics.
The Hungary Energy Centre is a non-profit energy-efficiency and energy information
agency. In addition to promoting energy efficiency in Hungary, the organization collaborates with the European Union’s Organization for the Promotion of Energy Technologies to promote the use of energy-efficient technology and the development of
renewable energy sources, including biofuels.
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A consortium comprised of Mol, Pannon University Research, the Hungarian Academy
of Sciences, and the oilseed grower KITE is conducting research on second-generation
biofuels in western Hungary.22
F) CONCLUSION
At present, the prospects for biofuels production in Hungary are limited. Limited legislation, poor crop harvests, and minimal demand all discourage the development of a
viable industry. Current policies such as the excise tax on biofuels only recognize biofuel blends and, in effect, discourage the production of pure biodiesel. While minimal
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investment is occurring in small-scale bio-ethanol projects, Hungary is not projected to
play a significant role in the EU or Eastern European biofuels sector.
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4.7 ITALY

Source: World Factbook

A) INTRODUCTION
Italy is highly dependent on external energy supplies and fossil fuels, and its progress
on biofuels is uneven. However, Italy’s non-compliance with EU directives related to
biofuels does not constitute a rejection of Europe’s move towards alternative energy
regimes. In fact, Italy has increased its biofuels production capacity in recent years and
has implemented tax incentives to spur the production of biofuels and biofuel inputs.
It also initiated the Global Bioenergy Partnership at the G8.

In June 2006, Europe’s energy chief took legal action against Italy for its failure to comply with the EU biofuels directive. Italy had previously earned a “reasoned opinion”
from the European Commission, the last step before facing a lawsuit at the European
Court of Justice, for its failure to submit a report on national biofuels use due in July
2005. Italy also earned the ire of the Commission for failing to properly justify its low
biofuel targets for 2005. The EU has set non-binding targets of a 5.75% share for biofuels by 2010, a goal that Italy is likely to miss. According to the Commission, biofuels
had an Italian market share of just 0.6% in 2003 and less than one percent in 2004.1
Although it has thus far failed to document its activities to the Commission, Italy did
implement tax exemptions on up to 200,000 tons of biofuels in 2005. In keeping with
its desire to promote the domestic cultivation of biofuels feedstock, the country has
structured its tax incentives to favor ethanol—derived from domestically produced
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B) GOVERNMENT POLICIES
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surplus wine, sugar beets, and corn—over biodiesel, which is primarily produced with
vegetable oils imported from France and Germany. Biodiesel consumption grew from
70,000 tons in 2000 to 310,000 tons in 2004, exceeding the then-quota for tax relief,2 and
it is widely believed that the agricultural lobby pressured the government to transfer
tax relief to ethanol.3
In mid-2006, Alfonso Pecorano Scanio, Italy’s Environment Minister, announced a government program that aims to have renewable energy sources account for 25% of total
energy consumption by 2011. He also indicated that the government intends to present
a law that reconfigures Italy’s renewable energy policy to the German model. Scanio
maintained that the law would comply with existing EU directives and the demands
of the Kyoto Protocol.4
Relations with Brazil
Relations between Italy and Brazil on biofuels are so far limited to a joint chamber
of commerce (Consultoria Empresarial Brasil Italia) established in 2003 with the goal
of encouraging cooperation on energy, IT, communications, and tourism. The organization has established a network of companies, universities, research institutions,
and government bodies in both countries with a focus on renewable energy and has
organized a number of joint events with Brazilian counterparts. It aims to promote
European investment in Brazil’s renewables sector and offers to consult on projects and
help identify investment partners.6
C) CURRENT SITUATION
Energy Matrix
Renewables provided 8.2% of Italian consumption in 2004, and the majority of biomass
is used directly in the residential sector.7 As the graph below indicates, the IEA forecasts that this will increase in future decades.
Chart 4.7a: Total Final Consumption by Source 1973-2030
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Biodiesel
Italian biodiesel production capacity was estimated at 827,000 tons in 2005, although
actual production was only 396,000 tons. In 2006, production capacity was expected
to rise to 857,000 tons.8 Italian biodiesel is principally produced from rapeseed oil imported from France and Germany; domestic rapeseed cultivation is negligible.
Fuel Ethanol
Italy has been a latecomer to fuel ethanol production and only began converting ethanol into ETBE on an industrial scale in late 2005. In the first half of 2006, the Italian
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government revamped its biofuels production incentive scheme by shifting funds previously allocated for biodiesel into fuel ethanol. The legislation allocated EUR73 ($94)
million per year to provide tax relief for the production of 100 million liters of ethanol
per year. In contrast to biodiesel, which is primarily produced from imported rapeseed
and soybean oil, Italian ethanol production relies mainly on domestically-sourced surplus distilled wines, sugar beet, and maize.9 In 2004, sugar beet molasses constituted
43% of production, wine 42%, grains 13%, and fruit 2%. Total production is approximately 200 million liters.10
Chart 4.7b: Total Final Production by Source 1973-2030
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D) PRIVATE SECTOR
Alcoplus, a 2005 joint venture between Alc.Este. SpA and Caviro Sca, has an annual
production capacity of 120 million liters of ethanol. This figure represents approximately 60% of domestic ethanol production capacity, excluding wine alcohol.11 Alcoplus has since announced that it will diversify into ethanol production and has created
the Societa Italiana Bioetanolo (Sibe) to market its products. The company is also considering building a fuel ethanol plant in Ferrara with an annual capacity of 42 million
liters, equivalent to 50% of the current government quota.12
E) RESEARCH & DEVELOPMENT

An Italian initiative also led to the establishment of the Global Bioenergy Partnership
initiative (GBEP), launched in 2006 as response to a G8 Plan of Action for Energy. Italy
now shares the presidency of the GBEP with Mexico. The partnership has identified
short-term priorities, including updating the inventory of existing networks, identifying gaps in knowledge, carrying out feasibility studies for market building activities,
raising awareness, and formulating guidelines to measure greenhouse gas emission
reductions resulting from the increased use of biofuels in the transport and energy
generation sectors.14
F) CONCLUSION
Given Italy’s resources, inputs for biodiesel production in Italy will have to be imported. At the moment, these imports come primarily from France and Germany, but increased consumption may make Italy a good export market for Brazil. Ethanol in Italy
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The Italian National Agency for New Technologies, Energy and the Environment
(ENEA) conducts a wide range of scientific research and technology development efforts including modest support for research into biofuel technologies.13
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can be made out of established indigenous crops such as distilled wines, sugar beet,
and maize, an opportunity that is being exploited by the private sector. However, cultivation of these crops may soon reach its limit, creating possible export opportunities
for Brazil. There is also scope for technology transfer and other cooperation between
the two countries, some of which have already been initiated by the private sector.15
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4.8 POLAND

Source: World Factbook

A) INTRODUCTION

Poland’s greenhouse emissions plummeted by nearly 30% between 1988-2002.2 This
earned Poland a surplus of CO2 credits available for sale under the Kyoto Protocol.
Consequently, the country is not facing the same pressure to meet emissions targets
and is instead motivated primarily by a desire to restructure Poland’s agricultural sector through the development of a domestic biofuels industry. With nearly 60% of its
land used for agricultural purposes and almost 30% covered in forests, the potential
for bioenegy in Poland is quite significant.3 Additionally, land and labor in Poland are
available at below EU-15 cost.4 There is some limited domestic biofuels consumption,
but most current production is exported to Germany.5
B) GOVERNMENT POLICIES
Although Poland has used ethanol and ETBE for more than a decade, its increased use
as transport fuel faces considerable opposition from oil companies, car producers, and
consumers. Initial efforts to introduce biofuels were passed in parliament but later
vetoed by the President. In June 2006, however, the government finally adopted a biocomponents and liquid biofuels bill that requires 5% biocomponents in liquid fuels.6
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Poland has the world’s fifth largest proven hard brown coal reserves, and more than
half of its energy production is derived from coal. However, renewable energy is gaining importance in the country. By 2020, Poland expects renewable energy to comprise
at least 14% of its fuel and energy balance.1
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The target for 2010 is 5.75% biofuels use, in accordance with the EU Biofuels Directive.7
Poland’s strong agriculture and agro-industry lobbies are pushing the government to
support the industry.8
The legislation also permits farmers to produce ethanol, biomethanol, esters, dimethylo-ether, poor vegetable oil, biogas, biohydrate, and synthetic biofuels for their own
use up to 100 liters per hectare of agricultural land. At least 50% of biofuels feedstock
must originate in the farm where the fuel is produced.9
Poland has also adopted the Biofuel Quality Control and Monitoring System bill, which
ensures that the government will retain control over biofuels production and requires
that biofuels be registered and labeled so drivers are able to distinguish between biofuels and fossil fuels. The bill adopted by the government passed the first reading in
Parliament and could come into effect in early 2007.10
Relations with Brazil
There is currently no cooperation between Poland and Brazil in terms of biofuels.
C) CURRENT SITUATION
Energy Matrix
Of the new EU members, Poland is the only one to have developed a significant biofuels sector. Still, the country appears to be experiencing difficulties complying with
the biofuels targets established in the EU Biofuels Directive. Poland, along with seven
other EU member states (Denmark, Ireland, Finland, the UK, Hungary, Portugal, and
Greece) failed to meet the 2% target set for 2005, only reaching 0.5%.11
Chart 4.8a: Fuel Shares of Total Energy Production in (2003)
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Biodiesel
Poland posted a noteworthy about-face when it reported that it had produced 100,000
tons of biodiesel in 2005 after having produced none in 2004.12 Production is expected
to increase by another 50% this year.13 The country’s accession to the EU likely played
a crucial role in this transformation. Its new status as an EU member state has given
Poland access to new technology and better varietals.14
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Ethanol
The momentum for biofuels production in Poland was slowing with the extensive closings of agricultural distilleries across the country between 1990 and 2004. In 1990 there
were about 950 plants in Poland. There are now only about 100 small agricultural distilleries, in addition to 20 producers of dehydrated ethanol in Poland with an aggregate
production capacity of about 500 million liters.15 The industry’s contraction resulted
from the withdrawal of government sponsorship and tax exemptions.16
Ethanol in Poland is mainly produced from starch distillate made from either rye or
potatoes. Producers are also growing increasingly interested in sugar beet, maize,
triticale, and molasses, however no significant level of production has been developed.
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Total estimated ethanol production capacity in Poland is between 600 and 1,000 million
liters per year.17 The facility in Trzebinia currently has the largest production capacity
in the country—100,000 tons of methylester per year.18
D) PRIVATE SECTOR
As expected, new biofuels legislation has created significant interest among investors
in Poland. According to a recent GAIN report, stock prices for companies that plan to
invest in biofuels production have increased dramatically. In 2006 alone, there were
four large conferences organized by various institutions to discuss biofuels production
and use. Industry representatives are concerned, however, that the legislation does not
include incentives such as tax reductions for biofuels production.19
Biodiesel
It is estimated that approximately $300 million was invested in new biodiesel plants
last year, and seven or eight firms are likely to invest more by the end of 2007.20 Experts
at the Polish Institute for Agricultural Economics say that biodiesel production by 2010
could realistically reach 400,000-500,000 tons.21
Ethanol
Poland has the potential to become one of the leading ethanol manufacturers and exporters in Europe. In addition to several smaller plants, there are plans for the construction of two or three single-stage units with a total production capacity of approximately 100 million liters per year.22
BRASCO Holding is the largest ethanol manufacturer in Poland. The company’s Leszno facility and Cargill’s Wroclaw plant have a combined annual ethanol dehydration
capacity of 170 million liters. Earlier this year, Cargill announced a US$35 million
expansion project of its plant in Wroclaw.23
E) RESEARCH & DEVELOPMENT
Although the government maintains that research into renewable energy sources is an
important priority, most projects have yet to be finalized. There were several research
programs undertaken between 2000-2004, including one testing a high blend (20-30%)
biodiesel in city buses. Overall, however, the industry suffers from under-funding and
a lack of political commitment.24
The Renewable Energy Centre of Excellence and Competence in Poland (RECEPOL),
lead by Grzegorz Wisniewski, is deeply involved in Poland’s plans for boosting RES
capacity.

Poland has the advantages of low land and labor costs and abundant biofuels feedstock. The USDA estimates that total capacity could reach more than 250,000 metric
tons by early 2007.25 However in spite of the country’s substantial agricultural production and technological potential, its distilleries and dehydration facilities are reported
to be operating at only 10-15% capacity.26 A number of obstacles are preventing Poland
fulfilling its potential to be among the leading biofuels producers in Europe. Although
a bill has been proposed, Poland has yet to pass biofuels legislation necessary to meet
the EU Biofuels Directive targets. Additionally, the lack of quality standards and quality control measures (also under consideration) has created a bad image for biofuels
with the general public and in the media. Moreover, the use of short-term decrees to
dictate biofuels production in Poland offers producers little opportunity for long-term
planning.27
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4.9 RUSSIA

Source: World Factbook1

A) INTRODUCTION
Russia is the largest producer and exporter of fossil fuels in the world and is often
thought to have no need for renewable energy development.2 However, the carbon-intensive nature of Russia’s energy production and consumption and the country’s Kyoto
Protocol commitment create a need for the development of clean, green alternatives
such as biofuels, for which Russia’s enormous biomass resources boast abundant and
varied feedstock. Despite growing awareness, no legislation or incentives for biofuels
production exist. Instead, ethanol and biodiesel production has sprung up across the
country on an ad-hoc basis, primarily in response to a growing grain surplus and opportunities for biofuels export to the European Union.
B) GOVERNMENT POLICIES

In 1999, the first Russian Renewable Energy Law was passed by the State Duma and
Council of Federation, but was vetoed by President Yeltsin.4 Since 2004, efforts to resuscitate a renewable energy law have been led by state-owned electricity generation
and distribution monopoly UES. Key considerations in the second draft include the
determination of which energy sources would be considered renewable sources; the
current draft includes solar, wind, hydro, tidal, wave, geothermal, and biomass energy. It also identifies the different support measures for renewable energy that could
be implemented.5 Russia’s ratification of the Kyoto Protocol in 2004 has given Russia
added impetus to develop alternative cleaner energy sources like biofuels to reduce
carbon emissions.6 In fact, the State Duma has made the discussion of the alternative
energy sources bill and the Ministry of Industry and Energy’s plan to draft a federal
target program ensuring higher energy consumption efficiency key considerations for
its 2006 session.7
Biofuels
Russia also has no policy framework for biofuels. However, in 1997, the government
imposed a three-year ban on ethanol imports. The ban was lifted in 2000, but ethanol
import duties have remained excessively high, at 100% or $2.63 per liter, whichever
is higher.8 The duty has cut ethanol imports almost to zero. The tax structure also
imposes high taxes on fuel ethanol for domestic consumption, which means that new
Russian ethanol plants are largely producing the fuel for export to the EU, as biofuels
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Renewable Energy
There is no policy framework for renewable energy technologies in Russia. Renewable
energy was not considered a notable input in the national energy mix in the country’s
2003 energy policy document, the Energy Strategy of Russia up to 2020, which sought to
increase energy efficiency as well as implement a proper energy pricing policy in the
country.3
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produced for export are tax-exempt.9
In August 2006, the Ministry of Agriculture extended its interest-rate subsidies for 5year commercial investment loans to include companies using advanced technology
to process high-protein crops, which would include the production of ethanol from
wheat and corn as well as biodiesel from oil seeds such as rapeseed and soybeans.10
Relations with Brazil
As part of a joint statement by Russian President Vladimir Putin and Brazilian President Luiz Inacio Lula Da Silva in October 2005, the two countries agreed to strengthen
cooperation between their respective oil, gas, and petrochemical companies. The document also called for an exchange of experience in renewable energy sources, with a
particular focus on ethanol.11
C) CURRENT SITUATION
Russia is the largest producer and exporter of fossil fuels in the world.12 With just 2.8%
of the world’s population, Russia boasts 12% of explored oil reserves, 34% of natural
gas reserves, and 20% of coal reserves.13 With such an abundance of fossil fuel reserves,
it is unsurprising that Russia relies almost completely on fossil fuels, particularly natural gas (Chart 4.9a), for its energy supply. This, together with Russia’s commitment
to ensure exports of oil and gas to the CIS and some Eastern European countries, has
resulted in Russia becoming a carbon-intensive country, with emissions per capita (at
3.6) far above the global sustainability target.14
Chart 4.9a: Share of Total Primary Energy Supply in 2003
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Due to the diversity of its climate, terrain and geology, Russia is also richly endowed
with renewable energy resources. Local experts estimate that the country’s economic
renewable energy potential could be as much as 30% of its actual total primary energy
supply (TPES).16 However, in 2003, renewable energy only accounted for 1% of Russia’s TPES, or 3.1% if large hydro energy is taken into account.17 In particular, Russia,
which is home to 22% of the world’s forests,18 has enormous potential in bioenergy and
produces up to 15 billion tons of biomass annually, which can be converted into heat,
electricity and biofuels for transport.19
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Ethanol
Russia has a national ethanol capacity of one billion liters, the majority of which is consumed by the beverage alcohol industry, which produced 716 million liters in 2005.20
The country currently produces no fuel ethanol. However, Russia has had experience,
dating from the 1930s, in constructing biomass-processing plants, which utilized waste
products from local paper factories to boost industrial ethanol output. Due to high
production costs, the original 21 plants with a combined annual capacity of 150 million
liters had dwindled in 2000 to just 11 operational plants with a combined output of 9.9
million liters. The feedstock of choice had also been switched from waste products to
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sugarcane molasses.21
Fuel ethanol production in Russia is in its infancy, with a number of fuel ethanol plants
in the works. Although the positive environmental qualities of biofuels have been a
factor, the ethanol initiative is primarily a response to the grain surplus that resulted
from the bumper harvests of the last few years.22 The surplus resulted in the export of
12.5 million metric tons of grain in the 2005/2006 crop year.23 Output from almost all
the planned ethanol plants is intended for export markets in the EU and is expected
to bring in substantial profits, given the rising utilization of biofuels in EU transport
industries.24
In April 2006, Russia announced that it would commence construction of its first major
fuel ethanol plant in 2007. The plant, which will be located in grain-growing Volgograd Region, will require $200-250 million in investment and will utilize 900,000 metric
tons of wheat annually to produce 380 million liters of fuel ethanol. Output is almost
entirely intended for export to the EU.25 This announcement was followed by plans by
private-sector firms Bashneft-Yug and YugTransitServis to build fuel ethanol plants,
with annual capacities of 157,000 and 300,000 metric tons respectively. The plants will
be located in the Rostov region, one of Russia’s major grain producing regions, and
are expected to attract more than $250 million in investment.26 Other Rostov region
ethanol projects include one by grain trading giant Yugtranzitservis (YTS), which has
proposed to build an ethanol plant with an annual capacity of 250,000 to 300,000 metric
tons near its grain terminals at Azov and Taganrog river ports.27
Outside of the Volgograd and Rostov regions, ethanol plant projects in the planning
stage include one by the Titan Group to build an ethanol plant in its home base of
Omsk in Siberia with an annual capacity of 150,000 metric tons. In addition, the regional administration of Nizhni Novgorod, Russia’s third largest city, is also considering an ethanol plant.28
Biodiesel
Russia produces almost no biodiesel. However, a number of companies have recently
announced plans to build biodiesel plants, with rapeseed as the feedstock of choice.
National output of the oilseed has been rising steadily, from 300,000 metric tons in 2005
to an expected 550-600,000 metric tons in 2006. The Russian Agriculture Ministry has
also set targets of increasing rapeseed output to 1.5 million metric tons in 2007 and 5
million metric tons in the long term.29 As with the ethanol industry, biodiesel produced
from the proposed biodiesel plants are also intended for export markets in the EU.

Production/Supply Infrastructure
Although Russia has enormous biomass resources, the biofuels industry will remain
scattered and ad hoc because there is almost no supporting infrastructure in the country. Not only is there a dearth of federal legislation promoting renewable energy, let
alone biofuels, there is almost no financing available. The situation is compounded
by the lack of subsidies for biofuels production and the imposition of heavy taxes on
production for domestic consumption. In addition, there is little available biofuels production equipment and technology, a shortage of trained personnel, and an absence of
national standards to encourage confidence in biofuels consumption.32
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Upcoming biodiesel projects include a plan by Rostov-based Azov Shipyards to build a
biodiesel plant with an annual capacity of 150,000 metric tons, a proposal by Moscowbased T and T Trade firm to build a biodiesel plant with an annual capacity of 100,000
metric tons in the central Orvol region, as well as effort by five Russian agribusiness
firms in the central region of Lipetsk to build a biodiesel plant to produce 90,000 metric tons of biodiesel annually. To supply feedstock for the plant, the group intends
to increase the cultivation of rapeseed in Lipetsk from the current 25,000 hectares to
100,000 hectares by 2008.30 The Association of Volgograd Region’s Agribusinesses has
announced plans to build a biodiesel plant, together with an oil-extracting plant with
an annual processing capacity of 500,000 metric tons of oil seeds.31
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D) PRIVATE SECTOR
Experts have said that the future direction of private-sector investment in Russia’s
biofuels industry will depend heavily on the outcome of the Bohim ethanol plant in
Taiynsha, Kazakhstan, which in October 2006 was the first ethanol plant in the former
Soviet Union to go online. Bohim, which uses wheat as a feedstock, is jointly owned
by Russia’s Titan and Kazakh’s Basko, and has an annual capacity of 57,000 metric tons.
There are fears that biofuels may be difficult to sell, given that there are no subsidies for
the industry, and that domestic production is taxed heavily.33
Despite these reservations, the majority of new plants are being proposed and undertaken by private-sector firms. In particular, the largest player appears to be Siberian
petrochemical company Titan Group. In addition to being a partner in the Kazakh
Bohim ethanol plant, Titan also has plans to build an ethanol plant in its home region of
Omsk. Company president Mikhail Sutyaginsky has also projected that the group will
have no less than 10 ethanol plants in Russia over the next five to seven years.34
Unfortunately, Russia’s largest private-sector energy players appear to lack confidence
in the country’s alternative energy market. For example, GML, the principal owner of
Russian oil giant Yukos, has expressed interest in investing $655 million in alternative
power engineering, specifically in biodiesel and wind power, but believes that investing in the Commonwealth of Independent States, especially Russia, is out of the question.35
E) RESEARCH & DEVELOPMENT
Information on Russia’s R&D sector for biofuels is unavailable; however, given the relative infancy of the country’s biofuels sector, it is unlikely that substantial R&D has taken
place. It should be noted, however, that Russia has had extensive experience in producing ethanol from cellulosic materials; it was one of the countries that built and operated
ethanol-from-cellulose (EFC) plants during World War II, when output was prioritized
over profitability. Today, a few of these plants are still operating, making Russia a key
candidate to develop cost-effective and commercially viable EFC technologies.36
F) CONCLUSION
Given the scattered nature of Russia’s nascent biofuels industry, it is unlikely that the
country will become a major player in the global biofuels industry. To begin with, the
country has no legislation promoting biofuels production nor is a mandatory biofuels
blend likely in the near future. Although there is a small but growing trend of mostly
private-sector sponsored projects to produce ethanol and biodiesel for export to the
EU, these efforts are unlikely to achieve any scale given the lack of subsidies for biofuels production. Unless there is stronger government and infrastructural support,
Russia will remain a small biofuels player, despite the country’s enormous potential in
biomass resources, and the expanse of available land to cultivate biofuels feedstock.
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4.10 SPAIN

Source: World Factbook

A) INTRODUCTION
Spain’s energy demand has grown steadily in recent years and appears set to continue
growing for the foreseeable future. The country’s domestic energy sources and infrastructure are inadequate to meet accelerating demand, leading to an energy supply
crunch.1 In an attempt to cope, Spain has embarked on an aggressive energy market
liberalization program that has so far outpaced the current timeline set by EU energy
market directives. It has also adopted an active Renewable Energy Program (REP),
which seeks to have renewable sources provide 12% of supply by 2010.

Spain’s Promotion Plan for biofuels set a target of consuming the equivalent of 16.6
million tons of oil from renewable energy sources in 2010, equivalent to 12% of Spain’s
projected energy consumption for that year.2 Under this scheme, the government
hopes to generate more than EUR1 ($1.27) billion and 46,000 new jobs through 2015.3
In the transportation sector, the plan aims to replace the equivalent of 2.2 million tons
of oil (3.6 billion liters) in 2010.4
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Table 4.10a: Spain’s Renewable Energy Targets, 2005-2010
Resources (toe)
Cereals and biomass
Wine alcohol
Pure vegetable oils
Used vegetable oils
Applications
Bioethanol
Biodiesel
Totals
Primary energy (toe)

550,000
200,000
1,021,800
200,000
750,000
1,221,800
1,971,800

Source: Spanish Ministry of Industry, Tourism, and Commerce5

Table 4.10b: Projected Direct Blending with Transport Fuels (%)

Source: F. O. Licht

Spain’s current incentive regime fully exempts a limited volume of ethanol from taxation (normally EUR37 per hectoliter), though this incentive expires in 2012. The government earmarked EUR2.85 ($3.62) billion for sales tax breaks for ethanol and biodiesel producers over the period 2005-2010, in order to reach the targeted 5.83% share of
total consumption. As a result, the use of biofuels is set to more than quadruple from
the current level of 500,000 tons by 2010.6
The REP will provide direct financial support for renewable energy production in the
form of investment subsidies, premiums paid on electricity generated from renewable
sources, and financial incentives for biodiesel and ethanol production.7
The REP has come under fire from industry groups due to its meager demand-side
initiatives. Some players have also argued that capacity exists for up to 10% biofuels
blends (rather than the current 5% mandate). Biofuels producers would also like to see
auto manufacturers explicitly endorse biofuels consumption by extending their consumer warranties to the use of biofuels blends.8
The implementation of the REP targets would reduce carbon dioxide emissions by six
million tons and decrease petroleum imports by 16 million barrels by 2010.9
Relations with Brazil
There is currently no cooperation between Spain and Brazil on biofuels.
Prepared by Garten Rothkopf

300

C) CURRENT SITUATION
Energy Matrix
Spain relies on external sources for 80% of its energy needs. Primary energy consumption and energy intensity have grown faster than expected over the past five years.10
This dramatic increase in energy demand, coupled with the need to meet Kyoto Protocol targets, spurred the drafting of the REP.
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Chart 4.10a: Spain – Shares of Total Primary Energy Supply 2003
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Source: IEA

Chart 4.10b: National Production of Energy in 2004
Coal: 20.9%
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Source: in Spain, Ministry of Industry, Tourism and Trade 2004

Consumption
Spain has set ambitious targets for the use of renewable energy and introduced a new
regime for the sale of renewable energy on the domestic market that is expected to
increase supply.11 Spain’s biofuels consumption is expected to be the equivalent of 2.2
million tons of oil annually by 2010. This figure would represent 5.38% of petrol and
diesel consumption for transport, slightly above the target in the EU’s biofuels directive
(5.75% in 2010).12
Chart 4.10c: Spain – Total Primary Energy Supply from Renewables (Mtoe) in 2003
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Production
Despite Spain’s continued reliance on foreign energy sources, the country is the second
largest producer of fuel ethanol in the EU and has taken steps to increase its biofuels
production capacity. Regions leading production include Galicia, Aragón, Andalucía,
and Castilla and León. The major biofuels producers in Spain are Abengoa, Bionet,
Meroil, Samca, Acciona, and Acor. In 2004, approximately 254 million liters of fuel
ethanol were manufactured in Spain. The country’s current total ethanol production
capacity of approximately 326 million liters is expected to rise by another 200 million
liters with the completion of a new ethanol plant.13 Biodiesel production began in May
2004 when a plant in Cartagena opened. Total biodiesel production was only 14 million liters that year, but the complete exemption of the fuel from national hydrocarbon
taxes is expected to spur production dramatically.14
Spain’s major primary crops are barley, sugar beets, wheat, grapes, maize, olives, tomatoes, potatoes, and oranges. In 2004, Spain harvested 22.5 million tons of cereals. It is
forecast that Spain will produce 6.2 million tons of wheat in 2006 (last year’s crop was
only 3.8 million tons due to drought). It is estimated that 50% of Spain is arable land,
and 26% of this was in use in 2004.15 These favorable conditions support the projection
that Spain will increase its production of biofuels significantly in the future.
Table 4.10c: Projected Spanish Production Capacity (million liters)

Source: F.O. Licht

Table 4.10d: Projected Investment in New Capacity (EUR millions)

Source: F.O. Licht

Chart 4.10d: Agricultural Scenario if the objectives of the REP are met in 2010
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Chart 4.10e: Sales of Biodiesel Produced in Spain in 2005
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Source: Spanish Renewable Energy Association (APPA)

Chart 4.10f: Sales of Ethanol Produced in Spain in 2005
National Market

Exports (63,033):

(176,256): 74%

26%

Source: Spanish Renewable Energy Association (APPA)

The charts above demonstrate that Spain produces approximately three times as much
ethanol as biodiesel. Biodiesel, however, has largely been exported, while the majority
of ethanol is consumed domestically.
D) PRIVATE SECTOR

Chemical and paper company Sniace plans to build an ethanol plant in Zamora in a
joint venture with electricity producer Iberdrola and others. The plant’s production
capacity is projected to be 120,000 tons per year. Sniace has two other ethanol manufacturing projects in the works: a 125 million-liter facility in Torrelavega scheduled to
commence production at the end of 2008 and a facility in Poland with annual production capacity of 200,000 tons.16
The leading Spanish food group, SOS Cuetara, plans to invest EUR35 ($45.5) million in
the construction of a biodiesel plant in the town of Andujar. The plant will use rapeseed as its main input and has a planned production capacity of 200,000 tons.17
Abengoa, the Spanish engineering company, is a leading producer of fuel ethanol. The
firm currently operates three plants that produce ethanol for ETBE conversion, with
a total capacity of 4.26 million hectoliters per year. Abengoa may also partner with
energy firm EVE on an ethanol plant that will have an eventual capacity of up to 200
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Sugar producer Ebro Puleva recently announced plans to build a EUR53 ($67.4) million
biodiesel plant in Jesula, in the province of Cadiz. The facility is expected to have an
annual production capacity of 200,000 tons and will process rapeseed. The company
also has plans to construct a fuel ethanol plant on the site of the company’s sugar factory in Burgos. The EUR55 ($69.9) million plant should become operational in 2009
and will produce up to 100 million liters of sugar beet-derived ethanol per year.
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million liters.18 Abengoa is also active in ethanol in Brazil.
Spain’s Renewable Energy Association (APPA) boasts 29 members from the biofuels industry. The association provides information about the sector as well as specific client
services, mainly in the legal realm, and acts as a lobbying group with the government.
E) RESEARCH & DEVELOPMENT
The REP outlines a number of goals for R&D in the biofuels sector. On the production
side, the government cites the need to develop new technologies for the collection, conditioning, transport, and storage of raw materials. Furthermore, the plan highlights
the need to develop production methods that utilize new inputs, such as different plant
varietals and animal fats. For ethanol and biodiesel, the REP indicates that the selection and optimization of plant varieties for production inputs remains an important
task. The plan also envisions the use of biofuels in captive transportation fleets for both
practical and demonstrative purposes.19
The Spanish Institute for Energy Diversification and Conservation (Instituto para la
Diversificación y Ahorro de la Energía, IDAE) is a publicly owned, business-structured
entity reporting to the Ministry of Industry, Tourism and Commerce through the General Secretariat for Energy. The IDAE promotes energy efficiency and the rational use
of energy in Spain. It also seeks to promote the diversification of energy sources and
the use of renewables. It promotes these aims through dissemination activities, technical consulting, and the implementation of technologically innovative projects. This
includes the promotion of Spanish technologies abroad, particularly in Europe, the
Mediterranean, and Latin America.
Spain’s Abengoa, the largest ethanol producer in Europe, is deeply involved in R&D.
It announced the opening of the world’s first commercial cellulosic ethanol plant in
northern Spain in late 2006.20 The Madrid Polytechnic University is also actively involved in bionenergy research
F) CONCLUSION
The current system of tax incentives has proved highly successful in spurring production and demand for biodiesel, and Spain is investing heavily in expanding capacity.21
The country’s natural endowments should allow the agricultural sector to gain enormously if the REP objectives are met. Continued government support for the development of a strong biofuels sector could produce more jobs, less energy dependency, and
environmental sustainability. With the support of numerous associations and private
companies, the outlook for Spain’s biofuels sector is good.
Endnotes
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2
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3
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Ibid.
5
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A) INTRODUCTION
Sweden is Europe’s largest consumer
of biofuels, which account for 17% of
the national energy supply. Biofuels
constitute 3% of Sweden’s transport
fuels, surpassing the EU Biofuel Directive’s 2005 target of 2%. However,
given its small agricultural sector,
Sweden is also the only European
country that imports the bulk of its
biofuels needs. Given its strong consumption growth, Sweden has also
been singled out as the EU country
with the most potential for developing a flex-fuel car industry.2 The
Swedish biofuels industry is projected to see strong growth in the near
future because of solid support in
the form of government subsidies.
It should also be boosted by the national drive for a cleaner, more sustainable energy sector, as evidenced
by the country’s goal of becoming oil
independent by 2020.
Source: World Factbook1

B) GOVERNMENT POLICIES
Energy Policies
As a member of the Kyoto Protocol, Sweden affirmed its commitment to climate improvement by passing the National Climate Policy in Global Cooperation Bill in 2005,
which verified the 2002 target of reducing emissions to 4% lower than 1990 levels before 2008. A medium-term target of reducing emissions to 25% of 1990 levels by 2020
was also stipulated. The bill also sought to meet the EU Biofuels Directive’s target of
5.75% biofuels use by 2010.3
The bill was followed by the establishment of the Commission on Oil Independence
in December 2005, which was tasked with formulating a comprehensive blueprint to
achieve Swedish Prime Minister Göran Persson’s goal of making Sweden oil-independent by 2020. The Commission presented its findings in June 2006 and identified three
main objectives to be achieved by 2020:4

For the purposes of this report, a closer examination of the first objective is most relevant. To reduce oil consumption in the transport sector, a number of measures were
proposed. First, in order for Sweden’s private cars to become 25-50% more energy efficient than current standards, a higher proportion of diesel vehicles utilizing biodiesel
and the development of hybrid vehicles utilizing electricity should be encouraged.
Second, the Commission recommended that Sweden produce 12-14 TWh of biofuels
annually from forest and arable land by 2020 in order to increase the share of renewable
fuels in transportation. To achieve this, the Commission calls for government funding
of R&D for second-generation biofuels, such as biogas and bio-DME (dimethyl ether),
which promise higher energy efficiency. This should be supported by economic control
instruments such as tax relief and fuel certificates, as well as government grants for the
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• Consumption of oil in road transport shall be reduced by 40 to 50% through increased fuel efficiency and the development of new fuels
• In principle no oil shall be used for heating commercial and residential buildings
• Industry shall reduce its consumption of oil by 25-40%.
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cultivation of energy crops.
Biofuels
Sweden is a leader in biofuels for transportation. In 2005, the country established a biofuels target of 3% of total transport fuel consumption, the highest among EU member
states, and above the 2% stipulated by the EU Biofuels Directive.5 Sweden has also
aligned its national target for 2010 in accordance with the directive at 5.75%.
To support the biofuels industry, the government has implemented a tax strategy
whereby biofuels, as carbon dioxide-neutral fuels, can be exempt from both the carbon
dioxide and energy taxes from 2004 to 2009.6 As energy taxes represent approximately
30% and 40% of the price of gasoline and diesel respectively, this tax-free status allows
biofuels to be competitive against gasoline and diesel despite their higher production
costs.7 The most recent budget proposal proposes the extension of this tax break to
2013.8 There has also been a proposal to abolish the value-added tax on biofuels.9
On the demand side, the government promotes biofuels by granting free parking for
and lower taxes on clean vehicles10 and presents companies that use clean vehicles
with a 30% investment subsidy. The consumption of clean vehicles is also encouraged
by a tax reduction on purchases through 2008 and insurance fees that are reduced by
as much as 20%.11 In addition, a minimum of 25% of all new government vehicles
purchased in 2005 were required to be partially fueled by either biogas, bioethanol or
electricity. The requirement was raised to 35% in 2006.12
On the supply side, to increase the availability of biofuels, the government passed a
law in December 2005 requiring gas stations selling more than 3,000 cubic meters of
fuel annually (which includes up to 60% of all Swedish gas stations) to sell at least one
type of biofuel. In 2006, the government reserved $6.25 million for this purpose.13
Ethanol
Regulations have created a 5% mandatory ethanol blend in Sweden. In late 2005, the
government clarified the ethanol tax exemption in a bid to close a loophole which allowed ethanol imported for the purposes of fulfilling the required 5% biofuel blend to
be classified under a lower tariff for other chemicals, while also benefiting from biofuels tax relief. Under the new law, which became effective in January 2006, companies
wishing to take advantage of the 100% tax exemption on ethanol must show that they
have paid the (higher) import tariff for natured ethanol. The higher tariff has already
resulted in gas retailers imposing higher gas prices. The higher cost of imported ethanol should give a substantial boost to the price competitiveness of domestic ethanol
against imported ethanol.14
Biodiesel
Biodiesel is also eligible for 100% tax exemption, and government regulations currently
allow for a 2% blend of biodiesel or RME (rapeseed methyl ester) in diesel. In addition,
the Swedish Road Administration is currently studying the possibility of implementing a 5% mandatory blend of RME, as well as the potential environmental and health
impacts of the emissions from such a biodiesel blend.15
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Relations with Brazil
In 2004, four times as much ethanol was imported than was domestically produced,16
and more than 80% of Sweden’s ethanol consumption originated in Brazil.17 However, the higher tariffs now pegged to imported ethanol in Sweden may in the future
shift imports from non-European countries such as Brazil to EU states.18 On another
front, Sweden has not established any investment protection agreements with Brazil.19
The two countries are also collaborating on technical expertise. The Swedish Energy
Agency is assisting Brazil in the development of three cogeneration projects at Brazilian sugar mills in Sao Paulo using bagasse.20
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C) CURRENT SITUATION
Energy Matrix
The use of oil as a percentage of total energy supply has fallen from 70% in 1970 to
30% today as the supply of renewable energy has increased to about 28%.21 Electricity
production in Sweden is dominated by hydropower and nuclear power, although the
Swedish Parliament has decided to gradually phase out its use of nuclear energy.22 As
such, renewable energy will play an ever-increasing role in Sweden’s energy portfolio.
Sweden’s long-term vision is to become oil-independent and eventually utilize renewable energy sources for its entire energy supply. Biofuels are becoming an increasingly
important component of Sweden’s overall renewable energy focus. Today, biofuels
account for approximately 17% of Sweden’s total energy supply.23
Chart 4.11a: Total Energy Supplied in Sweden (2004)
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24

Biofuels
Sweden’s transport sector is 94% dependent on oil-based fuels [Chart 4.9b], with gasoline and diesel constituting up to 97% of road transport fuel (8 billion liters) and biofuels accounting for the remaining 3%.
Chart 4.11b: Energy Use by Sector in Sweden (2004)
Domestic transport

Housing, service, etc.

0

20

40

60

80

100

120

140

160

TWh
Biofuel, peat, etc.
Ethanol
Natural gas, town gas, propane, butane

Distr. heating
Coal, coke

Source: Commission on Oil Independence25

A Blueprint for Green Energy in the Americas

Electricity
Oils

180

Prepared by Garten Rothkopf

Industry

309
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Renewable fuel use in the transport sector is still relatively low given the high use of
biofuels for industrial and heating purposes in Sweden. Nonetheless, transport use is
quickly gaining momentum. In January 2005, the sale of environmentally-friendly cars
increased 188% from the same period in 2004.26 Both Volvo and SAAB Swedish-based
car manufacturers are heavily involved in the production of bio-fuel cars.
Chart 4.11c: Ethanol Cars Bought in Sweden
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Ethanol
In 2005, Sweden produced 71 million liters of fuel ethanol, less than a third of the 260
million liters consumed that year.27 Sweden is the only European country that is using
direct blending at an extensive level. Some 85% of gasoline sold in Sweden contains E5,
gasoline blended with 5% ethanol. Sales of E85, gasoline blended with 85% ethanol,
are also surging, with figures from the Swedish Petroleum Institute (SPI) showing that
approximately 17 million liters of E85 have been sold during the first five months of
2006,28 four times as much as last year, a significant achievement considering gasoline
sales decreased by 3.5%.29
Consumption of fuel ethanol is quickly outpacing domestic production capacity, as evidenced by the rapid increase in ethanol filling stations [Chart 4.11d]. 189 million liters
of fuel ethanol were imported in 2005, with 80% of ethanol imports coming from Brazil.30 The remainder was primarily sourced from Italy. It is projected that the change
in tax legislation in 2006 (see government policies) may lead to an increase in imports
from Europe and a fall in imports from Brazil as non-EU imports become less competitive.
Biodiesel
Biodiesel production and consumption lags behind ethanol in Sweden, with only 7,000
metric tons of biodiesel produced in 2005. Swedish biodiesel is produced largely from
rapeseed and is also known as RME or rapeseed methyl ester. Sweden’s rapeseed cultivation area was a relatively small 80,000 hectares in 2005, and approximately 50% of
rapeseed used for biodiesel production is imported from Germany and Denmark.
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There is currently only one biodiesel producer in Sweden, Karlshamn, which accounted for the 7,000 metric tons produced in 2005. The company began construction of
a second biodiesel plant in April 2006, which is expected to boost Karlshamn’s total
biodiesel capacity to 40,000 metric tons annually when it is completed. Indications that
the government will soon raise the legal blend percentage to 5% have attracted new
players. In November 2005, Preem Petroleum and Pestorp unveiled a joint venture to
begin construction of a 53,000 metric tons-per-year biodiesel plant in January 2007.
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Chart 4.11d: Opened Ethanol Filling Stations in Sweden
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Biofuels Capacity Expansion
A major factor determining the level of possible biofuels capacity expansion is the
availability of arable land. Table 4.11a suggests that Sweden has the necessary land to
achieve a significant biofuels feedstock cultivation expansion.31
Table 4.11a: Outlook for Potential Acreages for Biofuels Crops Production

Source: Commission on Oil Independence32

D) PRIVATE SECTOR
Private-sector participation is more pronounced in the ethanol industry in Sweden.
Svensk Etanolkemi AB, or SEKAB, is the leading supplier of blended ethanol fuels on
the European market and is the only chemical company in Europe with the capacity
to produce ethanol-based acetaldehyde and ethylacetate from biological raw materials.34 The company also produces E95 and Thermol, a biological-based ethanol used
in refrigeration and heating. SEKAB’s Domsjo factory has recently applied for permission to triple its ethanol production to approximately 300,000 liters per year.35 Another
ethanol producer, Agroetanel, plans to expand the capacity of its plant in Norrkoping
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However, the majority of Sweden’s biofuels are produced from forest-related material,
much of which is secondary outputs from other production processes like logging and
sawmills. Domestically-produced biofuels are also generally used close to where they
are produced. These usage patterns make Sweden’s domestic biofuels locally efficient
but limit their viability as a mass-production fuel and as an export.33
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and more than quadruple its current production capacity. Once completed in 2008
(estimated date), the $125 million plant will have the capacity to produce 200,000 cubic
meters of ethanol.36
Meanwhile, Sweden’s biofuels stakeholders are looking to increase domestic production of RME in order to offset the high levels of imported bioethanol.37 In May 2006,
the Crop Marketing Association (Lantmannen) and the Swedish Farmers Supply were
reported to have begun construction of a new RME factory in Karlshamn.38 The new
factory will have the capacity to produce 45 million liters of RME per year.
These private sector developments promise to increase Swedish indigenous supply.
However, the country’s size relative to its increasing demand for biofuels suggests that
imports will continue to play a significant role.
E) RESEARCH AND DEVELOPMENT
The Swedish government is the dominant player in the country’s energy R&D sector.
In spring 2006, the government renewed its energy R&D bill, a program that has been
instituted since 1975. Aside from R&D, the bill focuses on commercialization activities to further technologies and processes required for an ultimate transition to a fully
renewable energy-derived energy system.39
Table 4.11b: Government Support for R&D on Alternative Fuels

Source: Swedish Government40
Government aid for biofuels R&D is expected to intensify. As part of its recommendations for an oil-independent Sweden by 2020, the Commission for Oil Independence
urged the government to increase its funding for R&D on the development of ethanol
from forest raw material. It also called for strong support for R&D into the development of a complete infrastructure for biofuels in suitable areas such as Lake Mälare
Valley and Skåne. 41
The government is also providing extensive funding for energy-related research
through universities and institutions of technology. The main emphasis of this work is
on the development of gasification techniques for wood fuels and black liquor, vehicle
fuel technology and emission cutting incineration technologies. The government has
also invested in the R&D of second-generation biofuels, collaborating with other stakeholders to hold a conference in Stockholm in 2005 bringing global experts together to
discuss the possibilities of second- generation biofuels for transport.42 Another publicprivate partnership project is the $40 million initiative called Green Car 2, which was
launched in June 2006 to promote the development of new vehicle technologies. The
initiative will involve partnerships between auto manufacturers, universities and the
government.43
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Similarly, many private companies have been granted government funding for research
purposes. Swedish car maker, Volvo, was granted an $8.7 million subsidy, worth 50%
of the overall cost of the project, by the Swedish Energy Agency for the development
of third-generation vehicle technology for DME (dimethyl ether), which is produced
by gasifying biomass.44 The project involves extensive research into adopting tank and
fuel injection systems for DME use.

F) CONCLUSION
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Despite the tightening of the tax regulations regarding ethanol imports into Sweden,
and the corresponding improvement in price competitiveness for domestic ethanol,
Sweden should remain a major export market for ethanol in the short to medium term,
as the country’s inadequate biofuels infrastructure and less advanced technology will
keep domestic production behind consumption levels. In addition, plans to expand
cultivation of biofuels feedstock are still in the early stages and reliant on commercially-unproven wood biomass. However, it is clear that the Swedish government has
made a strong commitment to the development of biofuels, as is apparent from the key
position of biofuels in the country’s energy roadmap. All signs suggest that biofuels
will continue growing in both consumption levels and economic importance in Sweden.
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Source: World Factbook

A) INTRODUCTION
On January 1, 2006, one of Ukraine’s biggest fears became a reality—Russia cut off
natural gas exports to the country. Although the supply was restored three days later,
the incident highlighted Ukraine’s urgent need for energy independence.1 In March
2006, the government approved the Energy Strategy of Ukraine through 2030, which
calls for using 6.6 million tons oil equivalent (mtoe) of renewable energy by 2030.2 Less
than two weeks after it was approved, however, the strategy was put on hold as the
country plunged into political instability surrounding the parliamentary elections.
Finally, in August 2006, four months of political uncertainty ended when Ukrainian
President Viktor Yushchenko accepted Victor Yanukovich’s appointment as the new
prime minister. It is anticipated that Ukraine’s effort to decrease the country’s high
energy intensity, increase the use of domestic energy resources, and meet EU standards
will now continue. Ukraine is considered the only country in the region that could
compete with Brazil in biofuels exports.
B) GOVERNMENT POLICIES
In July 1999, the Ukrainian parliament passed legislation permitting 6% oxygenated
additives to gasoline. The bill also included a 50% excise tax reduction on blended
gasoline. Alcohol producers responded by producing 23 million liters of ethanol a
year, but the tax incentive was abolished in 2002.3

Relations with Brazil
Although Ukraine and Brazil are not currently cooperating in the biofuels industry,
they do interact on a number of different fronts, notably missile and satellite technology.
C) CURRENT SITUATION
Energy Matrix
Biomass now constitutes about 0.5 percent of the country’s energy supply, or 0.7 mtoe
(tons of oil equivalent).5 The IEA estimates that the share is slightly higher, as seen
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An official “Ethanol Program” was initiated in July 2000 to transform the country’s distilleries into both industrial and fuel ethanol producers. Additionally in 2003, several
pieces of legislation sought to enhance the productivity of both ethanol and biodiesel.
A presidential decree in September 2003 aimed to develop biodiesel manufacturing
and to harmonize Ukrainian legislation with the EU. In late 2005, the parliament approved a biofuels bill, which included a 50% excise tax reduction for gasoline mixed
with ethanol. However, President Yuschenko vetoed the bill.4
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below.
Chart 4.12a: Shares of Total Energy Supply (2003)

Coal: 27.0%
Oil: 12.7%
Renewables &
Waste: 0.8%

Nuclear: 16%

Coal: 0.2%
Source: International Energy Agency

Ethanol
Biofuels comprise a growing but still marginal share of renewable energy in Ukraine.
Today, Ukraine is the second-largest alcohol producer in Eastern Europe. The sector struggled in the late 1990s after Russia chose to stop importing from its southern
neighbor, and in response Ukraine initiated a series of diversification reforms that incentivized the production of fuel ethanol.6 The country produced 246 million liters of
all grades of ethanol in 2005, though only a portion was fuel ethanol.
Biodiesel
In the past several months, biofuels projects in the Ukraine have been announced at a
frenzied pace, particularly in regards to biodiesel. In the first quarter of 2006, construction began on two new biodiesel plants with an annual capacity of 100,000 tons/year
and at a cost of $35 million each. Work also began recently on three rapeseed oil plants,
each with productive capacity of 20,000 tons/year. The country has announced plans
to more than double the agricultural land dedicated to rapeseed production in 2006
to 169,000 hectares, and increase the land dedicated to soy from 435,000 to 569,000
hectares. By 2010 it is estimated that Ukraine could have a productive capacity of 600700,000 tons/year of vegetable oil for biodiesel, greatly exceeding expected domestic
demand.7
Ukraine has ample biomass residues available for energy production, and biomass
may cover about 5.3% of total energy demand.8 Biomass utilization technologies are
only in the beginning stages of their development in Ukraine, but they have strong
prospects for the future.9
D) PRIVATE SECTOR
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The state-owned company UkrSpirt holds a controlling stake in all 87 ethanol plants
and is the sole authorized exporter. The company’s main production facilities use beet
molasses as their primary feedstock (48%), as well as wheat, corn, rye and barley. To
date, UkrSpirt has seen limited success mainly due to the limited supply of the required agricultural materials, such as molasses.10
Second-generation cellulosic ethanol production is being introduced by the Canadian
firm DynaMotive Energy Systems (DES). A new plant aims to produce 200 tons/day
and the company has bought land sufficient to expand to 800 tons/day.11 In March 2006,
DES forged a strategic R&D alliance with the Consensus Business Group to “secure
biomass markets and thereby gain opportunities for project development, biofuels
production and the establishment of a green credit pipeline.” Many of these opportu-
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nities are in Ukraine, where the alliance intends to explore possible sources of biomass
based on their composition and heating value and undertake feasibility studies.12
The renewable energy industry in Ukraine is beginning to attract big names, such as
General Electric, Siemens, Sharp, and Royal Dutch Shell.
E) RESEARCH & DEVELOPMENT
The September 2003 presidential decree called for the government to support the development of technology and infrastructure for the production of fuel from biological
raw materials. It also planned to develop the international scientific and technical cooperation on the manufacture and use of fuel from biological raw material.
In September 2006, Ukraine hosted the third international conference on biomass for
energy in Kiev organized by the Institute of Engineering Thermophysics, the National
Academy of Sciences of Ukraine, and the Scientific Engineering Centre Biomass (SECB),
currently the leading Ukrainian company working in the sector. Its main activities are
consulting, R&D, feasibility studies, and project implementation.13
F) CONCLUSION
While its biofuels program is still in the early stages, Ukraine is one of the few countries
considered to have the potential to compete with Brazil as a biofuels exporter. The
state is supporting the development of renewable energy sources, and the country has
an abundance of cheap, fertile land. In addition, the availability of technically-skilled
but low-cost labor suggests that Ukraine should be able to produce biofuels at a cost
competitive with fossil fuels. It is estimated that by 2010 Ukraine could have a productive capacity of 600-700,000 tons/year of vegetable oil for biodiesel, greatly exceeding
expected domestic demand. The country plans on exporting this oil to the EU and is
harmonizing its standards with the EU. State of the art agricultural techniques and
second-generation production technology would both serve to expand Ukraine’s potential. Furthermore, the Ukrainian Bioenergy Association (UBA) is attempting to ensure the viability of Ukraine’s biofuels sector as it touts achievement targets, assembles
financing, and facilitates cooperation with governmental and regulatory entities.
Although the government appears committed to decreasing its oil dependency and reducing its carbon dioxide emission levels, Ukraine’s medium-range renewable energy
targets are far below of its potential, and it remains to be seen whether even these aims
can be achieved. The country still faces a lack of financing, widespread corruption, and
a highly inefficient bureaucracy.
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4.13 UNITED KINGDOM
Biofuels production and use remains
modest in the United Kingdom (UK).
The country has been an importer
of Brazilian fuel ethanol and the two
countries have also collaborated on
projects aimed at expanding the global
market for ethanol. The construction
of new UK plants attests to the growth
of the country’s biofuels market. Britain also has land that could be used for
second-generation energy crops, and
like other European countries, it needs
to create rural jobs. The government is
supporting the biofuels sector through
tax incentives, though the private sector has thus far acted as the primary
driver of the industry.
B) GOVERNMENT POLICIES
UK biofuels policy is currently governed by the 2004 Energy Act. In order
to stimulate domestic biofuels production, the UK government reduced the
excise duty on ethanol by GBP20/hl
(almost EUR30/hl) in January 2006. In
March 2006, Chancellor of the Exchequer Gordon Brown announced the
Renewable Transport Fuel Obligation
(RTFO), which requires that 2.5% of
the country’s motor fuel come from
renewable sources by 2008, a tenfold
increase over the 2006 level of 0.25%.
This target will increase to 3.75% in
2009 and 5% in 2010. It is important
Source: World Factbook
to note that the RFTO target of 5% by
volume falls short of the EU Biofuels
directive target of 5.75% by energy content. To achieve a 5.75% level by energy content
for ethanol, approximately 9% inclusion by volume would be necessary. 1
Fuel producers that fail to meet these targets will be required to pay penalties of GBP0.15
per liter. These penalties are expected to partially offset the cost of the government’s
tax incentive program, which reduces excise duties by GBP0.20 per liter for producers
that meet the blend targets. The government has also emphasized that it intends to
continue to raise targets above 5% after 2010.2

The government has also announced it will provide GBP2 million of funding each year
to research non-food crops. The Department of Environment, Food and Rural Affairs
(Defra) will provide funding of GBP600,000 a year, and the Department of Trade and
Industry’s technology program will allocate a share of its GBP15 million research and
development budget to second-generation biofuels.4
Local government is also starting to get involved with biofuels promotion. The Somerset county council in cooperation with Avon, Ford Motor Company, the Energy Saving
Trust, Wessex Water and Wessex Grain has put 40 Ford Focus flex-fuel cars into opera-
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The government also plans to introduce Enhanced Capital Allowance schemes. Eligible plants will have 100% of the first-year qualified spending written off against taxable
profits. Eligible plants include those that incorporate on-site bioenergy use or produce
second-generation biofuels.3
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tion in the local police department.5
A recent report written by members of parliament criticized the government’s bioenergy support schemes as being overly focused on biofuels to the detriment of biomass.
Biomass is seen as a potential way of developing second-generation aviation fuels
which can reduce the climatic impact of England’s huge aviation sector. The report also
expressed concern as to the piecemeal nature of the country’s bioenergy policy. Finally
it was asserted that more resources should be spent on the development of second-generation biofuels, which have the potential to further decrease greenhouse emissions.6
Relations with Brazil
The UK and Brazil agreed in September 2006 to cooperate on the promotion of sugar
production in sub-Saharan African countries for use as an input in ethanol production.
Both Mozambique and South Africa are expected to receive assistance under the proposed program.7 Both countries appear keen to develop the infrastructure necessary
to increase sugar production in the low-cost region. Trade in biofuels has exploded almost overnight between the two countries. In contrast to 2004, when the UK imported
no biofuels from Brazil, total imports of ethanol from Brazil were 140 million liters in
2005. The UK is now a major importer of Brazilian fuel ethanol, though this trade is
expected to decline as two British fuel ethanol plants come online in 2007.8
C) CURRENT SITUATION
Energy Matrix
When comparing the UK’s energy consumption in 1980 and 2005 it can be seen that
coal consumption has decreased, while gas, nuclear and renewable energy consumption have all increased (oil consumption has remained roughly the same). In terms of
sector use, transport and domestic energy demand has increased, while industry demand has declined and services demand has remained steady. The UK has large coal,
natural gas, and oil reserves, though it is increasingly concerned with energy security
issues as reserves are depleted.
Chart 4.13a: Renewable Energy Sources (2005)
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Renewables and waste

Gas

93.4

Oil

77.3

234.3

204.5

Inland Energy Consumption
Source: UK Energy in Brief July 2006.13

In 2004, biofuels only accounted for 0.04% of total road fuel sales, but this increased to
0.24% in 2005. Consumption included 33 million liters of UK-produced biodiesel and
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85 million liters of imported ethanol.9
Biodiesel
The UK now has a biodiesel production capacity of 350 million liters, which is expected to increase by 114 million liters by the end of 2006. Rapeseed, imported palm oil
and recycled vegetable oil are the primary sources of production.10 In 2005, Scotland
opened the UK’s first large biodiesel plant, which has the capacity to produce 50 million liters of biodiesel a year from waste cooking oil and animal fats.
Ethanol
Plants in the planning stage or under construction are projected to produce a total
of 450 million liters of ethanol for the UK market.11 The country’s first major ethanol
production plant is currently under construction in Wessex and will eventually convert
340,000 tons of domestically-grown grain into 131 million liters of fuel ethanol per
year.12
TDefra argues that if only 10% of the UK’s 5.8 million hectares of arable land and 0.6
million hectares of set-aside are reserved for energy crop production, another 2 million
tons of ethanol could be generated. Furthermore, the UK exports approximately 2.53 million tons of wheat every year that could be utilized for ethanol production. The
National Farmer’s Union (NFU) argues that the 5% RFTO target is within domestic
production capacity.13 Traditional UK crops suitable for biofuels production include
wheat, sugar beet, and rapeseed.
D) PRIVATE SECTOR
As a result of the government’s new tax incentive scheme for biofuels production, construction on two fuel ethanol plants began in early 2006. Greenspirit Fuels, a division
of Wessex Grain, is constructing the ethanol plant discussed above, and a new British Sugar facility in East Anglia will produce 70 million liters from domestic sugar
beets beginning in 2007. Following the UK’s adoption of the RTFO, the Home Grown
Cereals Authority (HGCA) predicted total demand for ethanol and biodiesel would
reach 2.5 million tons within the next five years.14 BP began an investment program in
synthetic ethanol in 1999, and its plants have reached an annual capacity of up to one
million tons; however, BP’s ethanol production is currently devoted to chemical rather
than fuel uses.15
Sir Richard Branson, head of Virgin, has promised to invest $3 billion in renewable energy over the next 10 years. Virgin will invest most of this in biofuels in this early stage,
and has plans to launch the UK’s first biofuels-powered rail service. It is lobbying the
government to win a concession on the duty for blended biofuels, which is currently
seven times the levy for industrial diesel fuel. Virgin’s airline business is also engaged
in dialogue with other airlines, airport and aircraft manufacturers to explore the possibilities of ethanol-fueled aviation.
Investors are also reported to be increasingly interested in UK biofuels. Graham Meeks
of Climate Change Capital, a specialist merchant bank, told the BBC “We’re seeing an
enormous amount of interest from investors in this sector [biofuels].”16

The Energy Technologies Institute, expected to begin operating in 2008, is dedicated to
accelerating the development of secure, reliable and cost-effective low-carbon energy
technologies for commercial deployment. In addition to initial funding for the ETI, the
Department of Trade and Industry is to provide GBP50 million ($95 million) each year
over 10 years beginning in 2008-09. The government expects that the separate Energy
Research Partnership will raise a total of GBP1 billion ($1.89 billion) over the next ten
years, including matching funding from the private sector. As of September 2006, EDF
Energy, Shell, BP, and E.ON UK have committed to providing funds.17
The Engineering and Physical Sciences Research Council funds an energy program
including energy and climate change research. It aims to develop, embrace and exploit
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sustainable, low-carbon and energy efficient technologies and systems to enable the
UK to meet the government’s energy and environmental targets by 2020.18
Since being established in 2004, the UK Energy Research Centre has carried out research into demand reduction, future sources of energy, infrastructure and supply, energy systems, sustainability and materials for advanced energy systems.19
The Society of Motor Manufacturers and Traders (SMMT), the Biosciences Federation,
and the Royal Society for Chemistry are all involved in research of biobutanol. Dupont
and BP are currently involved in research as well.20
F) CONCLUSION
The United Kingdom is rapidly increasingly its biofuels production capacity. It has
suitable land, labor, government support, and private-sector confidence. The outlook
is very positive for a healthy market to develop. Demand has yet to reach significant
levels but transport demand for biofuels increased almost 17% from 2004 to 2005. The
country already has established a working relationship with Brazil concerning biofuels
in Africa. The two countries will continue this cooperation and have plans to expand
on it in the realm of research and technology. Indeed given the UK’s increased capacity
in biofuels production, the future of this relationship may primarily lie in R&D.
Endnotes
House of Commons, Environment, Food and Rural Affairs Committee, Climate Change: The
Role of Bioenergy, Eigth Report of Session 2005-06, 24 July 2006, 40.
2
F.O. Licht, 2006.
3
Environment, Food and Rural Affairs Committee, 64.
4
Ibid, 49.
5
Ibid, 61.
6
Ibid, 5.
7
C Gentile, “Analysis: UK, Brazil Team Up on Ethanol,” United Press International, 6 Sept. 2006.
8
F.O. Licht, 2006
9
Environment, Food and Rural Affairs Committee, 16.
10
Ibid.
11
Ibid.
12
J Madslien, “Biofuels Raises Global Dilemmas,” BBC News, 17 Jan 2006.
13
Ibid, 31.
14
F.O. Licht, 2006.
15
F.O. Licht, 2006.
16
J Madslien, “Car firms and investors greet UK biofuel,” BBC News, 16 Jan. 2006.
17
Department of Trade and Industry, New investment in energy initiative launched today (London: Department of Trade and Industry 2006), 1.
18
Engineering and Physical Sciences Research Institute, Launch of Research Councils’ Energy
Program at Energy Research Summit (London: ESPRC 1 Nov. 2005).
19
“About the UK Energy Research Centre,” UK Energy Research Centre, 7 Oct. 2006 <http://www.
ukerc.ac.uk/content/view/121/101/>.
20
Environment, Food and Rural Affairs Committee, 20.
1

Prepared by Garten Rothkopf

322

A Blueprint for Green Energy in the Americas

5. AFRICA

A Blueprint for Green Energy in the Americas

5. AFRICA

Source: World Factbook

Sub-saharan Africa’s interest in biofuels is principally driven by the region’s extreme
rural poverty and the dire need for stable agricultural development and employment.
This motivation exists in both energy-resource rich countries like Nigeria and South
Africa and in resource limited ones such as Zambia. Climatic conditions are generally
suitable for the cultivation of biofuels feedstocks. The potential land and human capital available for biofuel activities outstrips that of almost any other geographic region.
For example, in Nigeria, it is estimated that high-yield sugarcane operations could be
extended to a land area ten times that currently under cultivation. In Mozambique, the
government is considering an ambitious land concession program to promote private
sector biofuels development that would involve the transfer of up to 3.5 million hectares in seven provinces, with the possibility of expansion into additional provinces.
The challenge is to put in place the myriad legal, institutional, and organizational elements essential to creation of a viable industry. South Africa is probably best equipped
to meet these demands.
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B) GOVERNMENT POLICIES
Government efforts in all the countries under review are in their early stages. None
of the countries has thus far created a formal legal or regulatory structure for a biofuels sector. South Africa is expected to set out the basic principles of such a regime in
the near future. In other countries, planning has just begun. Development initiatives
are nonetheless proceeding in an ad hoc fashion, largely through direct government
investment or directives to state-owned companies to establish biofuels production
facilities. Rural development is a central objective in much of the planning, which focuses on small-scale farmers, out-grower schemes, widespread land concessions, and
the development of small-scale production units throughout the country. Once clear
plans have been approved, the implementation phase will draw heavily on the governments’ reserves of expertise, and technical assistance could play a critical role.
Relationship with Brazil
All the countries under review have turned to Brazil for cooperative arrangements.
Among the most important are a Trilateral Task Force on Biofuels established by South
Africa, India, and Brazil, memoranda of understanding between the Nigerian national
oil company and Brazilian entities to supply ethanol to Nigeria, and an agreement
among Mozambique, Brazil, and the United Kingdom to promote a sustainable biofuels industry in southern Africa.
C) CURRENT SITUATION
There is currently no significant biofuels production in these four countries. The only
measurable importer was Nigeria, which imported 180 million liters of ethanol in 2005.
Plans have been announced for biodiesel and ethanol production in Mozambique and
an ethanol plant directed by Ethanol Africa in the heart of South Africa’s corn-producing region. Nigeria is studying both cassava and sugar cane as potential ethanol
feedstocks.
D) PRIVATE SECTOR
A variety of companies are making initial investments in the field. Ethanol Africa is
building an ethanol plant in South Africa, with a special emphasis on small farmers,
and is interested in building a further seven plants there.   D1 Oils Africa is considering
biodiesel investments in South Africa, and there is serious Chinese interest in ethanol
production in two Nigerian states. One interesting biodiesel initiative is being led by
telecommunications companies seeking to develop small scale biodiesel production to
power mobile base stations around Nigeria, where electricity is not available.
E) RESEARCH & DEVELOPMENT
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R&D activities in all the countries are in their earliest stages. Mozambique is working
with the Climate Change Corporation of the UK and with a US NGO, Technoserve, on
biodiesel research. South Africa is engaging its university system and has established
a postgraduate program on Renewable and Sustainable Energy Studies. It is also promoting research on alternative indigenous crops, such as sweet sorghum. In Nigeria,
the national oil company is partnering with both domestic and international research
institutions, such as the International Institute of Tropical Agriculture and the Nigerian
Cereals Institute to examine appropriate sugar cane and cassava varieties, and with
Nigeria’s National Space Research and Development Agency to examine the use of
space mapping technology to improve cassava cultivation.
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A) INTRODUCTION
Mozambique is often touted as one of the
world’s potential new “bioenergy superpowers”. Favorable climatic conditions, large uncultivated tracks of arable and marginal lands,
stable political conditions, a growing economy,
and an ample low wage workforce lead many
international experts to consider Mozambique
a potential major player in the biofuels industry, perhaps on par with Brazil.
International investors, in cooperation with
the government of Mozambique and other
national actors, are beginning to explore investment possibilities in the country’s biofuels industry. No large-scale production units
are yet in operation, but a number of projects
are in the pipeline. These should be carefully
monitored in the months ahead to evaluate
the viability of a Mozambican biofuels industry as well as the government’s commitment
to ensure it provides the necessary environment for its success.

Source: World Factbook

The stakes are high for Mozambique, as the
potential productive capacity of the country’s
biofuels industry could lift many Mozambicans out of poverty, diversify the sugary
industry’s sources of income, and reduce
Mozambique’s dependence on foreign energy,
resulting in foreign exchange savings.

B) GOVERNMENT POLICIES
Mozambique first highlighted the need to promote renewables in the country’s Action
Plan for the Reduction of Absolute Poverty (2001-2005). It specifically stated that one
of the main objectives of the nation’s energy program is to promote the use of new and
renewable energy sources in the electrification of remote areas. Since then, the government has engaged in a multi-level strategy to promote the biofuels industry.

Additionally, it has embarked on an ambitious land concession program managed by
Mozambique Bio-Fuel Industries Lda (MBFI), a government-sponsored company established to encourage and support the development of a national infrastructure for a
biofuels industry. The program’s objective, launched in February 2006, is to eradicate
poverty through a private enterprise funded biofuels industry. The Mozambican Government is to provide 3.5 million hectares of land in seven provinces with approximately 500,000 hectares per province (that number could grow to 10 provinces if the
program is successful). The primary energy crops are expected to be jatropha and oil
palm for the production of biodiesel and cassava for ethanol production.
	 Zabezi Province: Districts of Morrumbula, Pebane
	 Manica Province: Districts of Machaze, Guro, Tambara
	 Nampula Province: Districts of Mossuril, Memba, Nacroa, Erati, Nacala-a-Vehla,
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The government is investing directly in the biofuels sector, including the construction
of a US$14 million biodiesel plant near the capital Maputo, with the aim of targeting
the European Union market.1 It has also directed two of its state oil companies, Empresa Nacional de Hidrocarbonetos (ENH) and Petromoc, to invest in the biofuels sector.
Petromoc has three biofuels projects (see Private Sector below) with a combined potential capacity of approximately 280 million liters per year of ethanol and biodiesel.
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Lalaua
	 Inhambane Province: Districts of Mabote, Funhalouro, Panda, Vilanculos, Govuro
	 Gaza Province: Districts of Chicualacuala, Massangena, Chigubo, Mabalane
	 Tete Province: Districts of Cahorra Bassa, Changara, Macoe, Macanga, Zumbo,
Maravia
	 Niassa Province: Districts of Nipepe, Metarica, Cuamba, Mandimba, Ngauma,
Lago, Lichinga
The program is to be managed by MBFI and consists of joint ventures and partnerships
between financial institutions, the commodity off-takers, and foreign and Mozambican
investors. The primary energy crops are expected to be jatropha, curcas, and oil palm
for the production of biodiesel and cassava for ethanol production.
The government is also considering the introduction of biofuels specific legislation,
including ethanol blending requirements as well as tax incentives and a customs duty
exemption for ethanol and biodiesel production.2
Relations with Brazil
The United Kingdom, in cooperation with Brazil and Mozambique, recently launched
a Joint Task Force on the promotion of a sustainable biofuels industry in southern Africa. The partnership is expected to provide solutions to the global need for low carbon
transport fuels.3
Bilateral cooperation is also underway. Petrobras and Empresa Nacional de Hidrocarbonetos (ENH), Mozambique’s national oil company, signed a memorandum of understanding in October 2006 for onshore and offshore oil and natural gas exploration as
well as for biofuels research and production in Mozambique. The research will focus
on biodiesel production from jatropha and ethanol production from sugarcane.4
C) CURRENT SITUATION
Energy Matrix
Biofuels are being considered by the government of Mozambique as a potentially significant component of the country’s energy matrix. Biomass already represents the
majority of Mozambique’s energy matrix, as most rural communities depend on wood
fuel for cooking and heating, and household energy supply in urban centers is predominantly based on charcoal. The country’s average annual oil import bill is roughly
$270 million, equivalent to approximately 11% of total imports.5
Chart 5.1a: Share of Total Primary Energy Supply (2003)
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Poverty and population growth are the principal drivers of Mozambique’s current energy mix. The government is searching for ways to facilitate the development of its
biofuels industry in an effort to substantially reduce current levels of absolute poverty
in Mozambique through foreign exchange savings, new and more stable markets for
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its commodities, as well as market-based rural development.
Production and Consumption Capacity
Many international experts and government leaders in Mozambique are touting the
country as a potential “bioenergy superpower” on par with Brazil, as it has suitable
agro-climatic and agro-ecological conditions for a range of energy crops, abundant arable land resources, and a largely rural population (among the poorest in the world)
ready for employment and increased incomes. More specifically, Mozambique has 36
million hectares of arable land, of which only 9% is in use. There are an additional 41.2
million hectares of marginal land, of which 3.3 million have the potential for irrigation
(less than half this land is irrigated now).
As there is no established biofuels industry in Mozambique, there is no current production or consumption to report. It should be noted that the country produces the
cheapest sugar in the world, at a cost of between $75 and $100 a ton.6 Furthermore, the
industry is slowly recuperating from years of conflict and increased sugar production
from 39,000 tons in 1998 to 265,000 tons in 2005, with a production target of 325,000
tons by 2008.7 Jatropha also grows very well on Mozambique’s marginal lands and is
expected to contribute to the competitiveness of the country’s nascent biodiesel industry.
D) PRIVATE SECTOR
As discussed in the Government Policy section above, the government of Mozambique
is supporting the growth of its biofuels industry by directing its state oil companies to
invest in biofuels projects as well as through the implementation of an ambitious land
concession scheme. The government is also supporting other private actors in the development of the industry in Mozambique.
In March 2006, Mozambican state oil company Petromoc and the Committee for the Facilitation of Agriculture between Mozambique and South Africa (Cofasoma) agreed to
invest $125 million in a factory to produce ethanol from sugarcane. The agreement also
includes investment of some $225 million in associated infrastructure in the district of
Moamba, including a road and bridge to access the factory. Of the direct investment
of $125 million, $45 million has been earmarked for the agricultural project and the
remainder for the ethanol distillery. The factory will have an annual production capacity of around 220 million liters of ethanol. In its initial stage, around 10,000 hectares of
land owned by Cofamosa will be used for sugarcane production, but this is expected
to climb to 29,000 hectares when the project is fully underway. According to the two
companies, this project alone could net the country some $110 million, $60 million from
exports and the remainder through import savings.8

The pace of investment is picking up. In July 2006, sugar producer Tongaat-Hulett
announced plans to incorporate a 17.6-million liter/year ethanol plant at its Xinavane
plant.10 The following month, TechnoServe, a US-based NGO supporting local development initiatives, assisted local government and businessmen to set up two biodiesel
production units from copra oil in the provinces of Inhambane and Zambezia. The
units, which are operating on an experimental basis, were set up adjacent to the copra
oil facilities of Somoil and Madal in the two provinces. They have a capacity to produce one million liters of biodiesel annually.11
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Petromoc is also studying the possibility of setting up two biofuels production units,
one in the center and one in the south of the country. The first would be an ethanol
plant requiring an investment of $28 million for the production of 33 million liters
of ethanol per year. The initiative also includes the cultivation of sweet sorghum to
supplement sugarcane. The second will be a biodiesel plant requiring an investment of
$30.2 million for the production of 40 million liters of biodiesel per year. The operating
costs are expected to be around US$0.33/liter for the ethanol unit and US$0.41/liter for
the biodiesel unit.9
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Finally, as of September 2006, the following initiatives were being implemented:
Table 5.1a: Biofuels Initiatives

Initiative

Location/Province

Area (hectares)

Deulco

Inhambane e Sofala

10,000 e 5,000

Mozambique Biofuels
Industries

All provinces

1,500-4,500 in each
province

ECOMOZ

Maputo

3,000

Grown Energy Zambezi

Zambezia

160,000

Companhia de Monapo

Nampula

190

Local Trader

Niassa

59

Madal

Zambezia

40

Caritas

Manica

140

Envirotrade

Sofala

4

Source: Ministry of Energy12

E) RESEARCH & DEVELOPMENT
Research and development efforts in the biofuels industry in Mozambique are relatively limited. Sweden is supporting research in the wide-scale production of biodiesel
through a memorandum of understanding signed with the Mozambican authorities in
May 2006. The cooperative agreement calls for Swedish technical experts to study the
situation on the ground and prepare a development plan.13
Technoserve is collaborating with the Institute of Agricultural Research of Mozambique and the International Center for Research of Agro-Forestry to create a jatropha
research and monitoring unit. The project aims to define provenance selection, design
management practices (including pest and disease management), and specify optimal
post-harvest and processing techniques.14
The UK-based Climate Change Corporation (C3) is working with the government of
Buzi district in the central Mozambican province of Sofala on a project to produce
biodiesel from jatropha. C3 will supply inputs and has signed an agreement with the
Buzi government establishing the principles to be followed by any farmer who wishes
to take part. The government has been encouraging peasants to grow jatropha as a cash
crop. Farmers who agree to plant at least one hectare of land with jatropha may join the
program. As a demonstration, the project has planted 1,500 seedlings in various parts
of the district. C3 will supply the farmers with seeds and needed technology (including
training) and has promised to purchase their entire crop. To avoid jatropha becoming a
monoculture, the farmers involved will also be given seed for beans.15
F) CONCLUSION
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Mozambique’s huge, untapped agricultural resources, in terms of both land and labor,
provide the basis for developing an extensive biofuels industry. The government is
investing directly in biofuels production, as is the national oil company, and in 2006
it launched a program to offer large land concessions for private sector production of
ethanol and biodiesel feedstock, primarily jatropha, palm oil, and cassava. However,
biofuels legislation has not yet been introduced, significant private sector interest has
not been identified, and large regulatory, infrastructure and organizational challenges
remain. A new agreement for Swedish technical assistance may speed a biofuels development plan that can address these multiple issues.
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5.2 NIGERIA

Source: World Factbook

A) INTRODUCTION

The Nigerian government has been focused on a top-down and supply-led approach
to developing an ethanol industry. Sugarcane and cassava are the primary feedstocks.
Nigeria is believed to have the potential for world class sugarcane productive capacity
and is the world’s leading producer of cassava. The government has actively supported
the development of an ethanol industry, but there have been few tangible results. A
number of projects are nevertheless being evaluated and a few memoranda of understanding have been signed for large ethanol producing projects.
B) GOVERNMENT POLICIES
The policy environment has always been a challenge in Nigeria, and the biofuels industry is no exception. The government has charged the Nigerian National Petroleum
Corporation (NNPC) with leading the country’s efforts in biofuels production. In August 2005, the NNPC established a Renewable Energy Division (RED) to introduce and
sustain the production of biofuels, with the aim of integrating the agricultural sector
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While Nigeria is the largest oil producer in Africa and the tenth largest producer of
crude oil in the world, most of its refineries are in disrepair and it imports about 70 percent of its fuel requirements. These difficult realities have been at the core of Nigeria’s
drive to develop a biofuels industry capable of providing it with both greater energy
independence and a new and self-sustaining industry capable of helping lift its rural
populations out of poverty.
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into the downstream petroleum industry.2 RED is primarily focused on the establishment of an ethanol industry, beginning with the development of a supportive policy
and regulatory framework, research and development geared toward improving crop
yield, selection of land for cassava and sugarcane to ethanol projects, development of
business plans for piloting cassava and sugarcane plants, and the engagement of the
financial community.
At this stage, policies are expected to emphasize the emergence of integrated operations with the potential for good economic performance. At the same time, policies
will aim to set out the best conditions for the development of an out-grower scheme
in order to involve local communities in the production of feedstock for the industry.
They also intend to promote access to international industry skills and financing to
underpin the sustained growth of the industry.
The NNPC plans will be supported by the Renewable Energy and Energy Efficiency Partnership (REEEP), a public-private clean energy partnership established at the
World Summit for Sustainable Development. REEEP is providing part of the funds
(70,000 euros) for detailed feasibility studies to establish the supply chain for several
new ethanol production plants.3
There are plans for a 10-20,000 hectare sugarcane plantation fitted with an ethanol
production unit capable of producing 70-80 million liters annually, and an integrated
5-10,000 hectare cassava plantation fitted with an ethanol production unit capable of
producing 50-60 million liters annually. Ethanol will be commercialized by NNPC as
a motor fuel for blends up to 10%. Cogeneration facilities will also be created to generate electricity from waste. The projects are expected to be managed by the Renewable
Energy Division of the Nigerian National Petroleum Corporation.4
Furthermore, Nigeria’s National Automotive Council has disclosed plans to introduce
a 10% ethanol and 90% Premium Motor Spirit blending (E10) as an experimental alternative fuel energy for vehicles in Nigeria before the end of 2006.5
Relations with Brazil
Like Brazil, Nigeria is taking a top-down, supply-led approach. But the government is
not just looking to Brazil for information; it also plans to kick start the industry through
a Brazilian import partnership.
In 2005, the Renewable Energy Division (RED) signed two memoranda of understanding with Petrobras and COIMEX of Brazil to commence import of ethanol and to develop capacity for sustainable local production.6 The deals are designed to initially supply
Nigeria with ethanol in order to develop the market and fuel supply infrastructure.
The import reception facilities at Atlas Cove in Lagos and Mosimi Depots in Ogun
State are already being modified in preparation for the distribution of biofuels.7
An official agreement was reached between Petrobras and NNPC in January 2007, and
Brazil is to export 20 million liters of ethanol from the port of Rio de Janeiro to Lagos
in late February. This supply will be used to help the Nigerian government implement
its 10% ethanol blend policy for gasoline, and Petrobras will also supply NNPC with
technical support for the program.8
C) CURRENT SITUATION
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Energy Matrix
High oil prices were the driving force behind Nigeria’s economic growth in 2005. The
country’s real gross domestic product (GDP) grew approximately 4.5 percent in 2005
and is expected to grow 6.2 percent in 2006 The Nigerian economy is heavily dependent on the oil sector, which accounts for 95 percent of government revenues.
A closer look at the country’s energy matrix shows that while Nigeria is the largest oil
producer in Africa and the tenth largest producer of crude oil in the world, its population does not enjoy the benefits of the country’s natural resources. Approximately 70%
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of the rural population relies on traditional biomass (largely wood) for their energy
needs.
Chart 5.2a: Share of Total Primary Energy Supply (2003)

Renewables &
Waste: 79.4%

Oil: 13.5%
Gas: 6.4%
Hydro: 0.7%

Source: IEA Energy Statistics

The diversification of the matrix to include renewable sources of energy is considered
an important opportunity for improving Nigeria’s energy security as well as empowering rural farmers by generating greater earnings. So far, Nigeria has not developed
its own biofuels industry. In 2005, it imported all 180 million liters of ethanol it consumed.
Production and Consumption Capacity
While Nigeria does not currently have an operational biofuels industry, it does have a
biofuels plan that is part of the nation’s alternative energy development strategy. The
program is predominantly directed at ethanol production using cassava and sugarcane
as feedstocks. Palm oil biodiesel production is also said to be under study.9
Ethanol
Two potential crops have been identified for Nigeria’s fuel ethanol initiative: sugarcane
and cassava.
Nigeria is thought to be the world’s leading producer of cassava with about 35 to 40
million metric tons (mt) produced annually on an estimated 3 million hectares of Nigeria’s more than 70 million hectares of agriculturally suitable land.10 Today, Nigeria is
able to produce just 15-20 mt/hectare, compared to a yield of 25-30 mt/hectare in other
countries, but the introduction of improved cassava varieties could increase yields to
between 60 and 70 mt/hectare.11

The second proposed crop is sugarcane. Although the cultivation of industrial sugarcane suffered a serious setback due to the poor past performance of government-owned
sugar companies (now privatized), there is huge potential for growing sugarcane on
a large scale in Nigeria, particularly along the Niger and Benue rivers. The total land
area in Nigeria dedicated to sugarcane is about 43,000 hectares which produce 18 mt/
hectare for a total of 776,000 mt.13 However, national statistics suggest that more than
400,000 hectares of land could support high-yield sugarcane operations. The states of
Jigawa (northern Nigeria), Benue and Taraba (middle belt region of Nigeria) are all
targets for further agricultural development, and further feasibility studies are planned
for individual locations within each state.14
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Cassava is produced as a food crop in Nigeria and the government’s recent declaration
that cassava flour must constitute 10 percent of bread flour effective July 2006 guarantees that cassava will continue to remain a staple food throughout the country.12
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Nigerian domestic demand for ethanol in 2005 was 180 million liters, all of which was
imported. According to the Nigerian government’s Public Communications Unit, in
order for the country to meet its national demand for ethanol it would need approximately 120 small-scale (5,000 liters/day capacity) plants. One plant of this size is expected to provide employment for at least 400 to 500 persons per year along the value
chain.15
The hope is that the future industry could radically change the agricultural sector in
Nigeria, which is currently dedicated to food production. According to the Renewable Energy and Energy Efficiency Partnership, the first stage of the country’s biofuels
program would generate $150 million annually and create over 200,000 jobs, a number
significantly higher than the Nigerian government estimate.16
Biodiesel
The biodiesel effort in Nigeria is predominantly driven by a new initiative led by the
GSM Association, a global trade association, through its development fund. The fund
was started in 2005 to offer consulting support for projects that use mobile technology
to improve social, economic, and environmental welfare in developing countries (see
the Private Sector section below).
D) PRIVATE SECTOR
On January 30, 2007, the NNPC Renewable Energy Division closed bidding for expressions of interest in four large-scale joint ventures to support the launch of a biofuels industry in Nigeria. The initial phase of the program will include two sugarcane plantations of 20,000 hectares, each with an ethanol, sugar and cogeneration plant; a cassava
farm of 10,000 hectares and a corresponding ethanol plant; and a palm-oil plantation
of 20,000 hectares with an oil-extraction and biodiesel-conversion plant. The program
will also develop research projects to boost the nation’s cassava and palm oil output.
The NNPC, which will act as off-taker for 100% of the biofuels produced, is seeking
strategic investors to own and manage the operations. It is expected that this program
will give way to the establishment of several ethanol plants at an average cost of $60
million each.17
China is the leading foreign investor in the developing Nigerian ethanol industry. Two
projects have recently been signed by state governments and Chinese firms for ethanol production. Nigeria’s central state of Niger and the Chinese government signed
a memorandum of understanding for the establishment of the first ethanol plant in
the state, with cassava as a feedstock. The project is expected to cost approximately
$90 million. A Chinese company will serve as a consultant to the project, which is expected to source 85% of the project investment through a soft loan from the Chinese
government at a 3% interest rate. The balance will be financed by the state government
through local banks. The state government has already released US$233,000 to local
cassava farmers to facilitate mass production of the commodity in the state. When
completed, the project would have the capacity of converting 150,000 tons of cassava
into ethanol for both local consumption and exports. Production costs are expected to
be lower than petroleum products. The project is planned to be completed within two
years.
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The Ebonyi State Government has signed a Memorandum of Understanding with
Viscount Energy (Nigeria) Limited, a Chinese-supported Nigerian firm, to establish
a US$80 million ethanol producing factory using both cassava and sugarcane. Proponents of the project believe the factory will hire no fewer than 100 permanent staff and
establish a large cassava and sugarcane plantation in the state.18
Private sector involvement in biodiesel production is being led by telecommunications
companies, including Telefonaktiebolaget, LM Ericsson, the GSM Association (GSMA),
and the MTN Group. Rather than produce biodiesel for transport fuel, these organizations are experimenting with using biodiesel to power mobile network equipment.
The trial is funded by the GSMA’s Development Fund and is establishing a supply
chain that includes buying locally produced crops and processing them into biodie-
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sel. The fuel will be made from groundnuts, pumpkin seeds, and palm oil and will
replace diesel, which is commonly used to power mobile base stations in remote areas
where electricity is not available. The trial project will initially center on a base station
in Lagos and later expand to rural regions in the southeast and southwest of Nigeria.
Because only about 25 percent of Nigeria is connected to the electricity grid, MTN currently uses an extensive grid of generators to power its network.19
E) RESEARCH & DEVELOPMENT
The NNPC is leading efforts in biofuels R&D through partnerships with domestic and
international research institutions, including the University of Agriculture, Makurdi,
the International Institute of Tropical Agriculture, and the Nigerian Cereals Research
Institute.
NNPC and the University of Agriculture, Makurdi, in Abuja have signed a consultancy
service agreement to study high yielding cassava and sugarcane in the country. The
consultancy agreement will enable the NNPC to establish the framework and set out
the principles under which the university would provide technical assistance on the
ethanol fuel program.20
Cooperative agreements are also on the table between the Renewable Energy Division
of NNPC and the International Institute of Tropical Agriculture (a leading research
institute for cassava production) as well as the Nigerian Cereals Research Institute (a
national research institute with a mandate to research sugarcane). These agreements
will focus on the low yield problems typical of many varieties of both sugarcane and
cassava in Nigeria. Once the agreements are signed, researchers will investigate how
to produce and multiply cassava and sugarcane seedling varieties with the improved
productivity and higher yields necessary for commercially viable production. NNPC
is also seeking to create commercial partnerships with local businesses so that negative
impacts on food markets are minimized, while also building local support for the longterm development of this new industry.21
Finally, the International Institute of Tropical Agriculture (IITA) has signed a memorandum of understanding with Nigeria’s National Space Research and Development
Agency (NASRDA) on remote sensing and its value as a tool for agricultural development in the country. The MOU provides for an initial two years of collaborative research work on the use of space technology for the improvement of cassava cultivation.
The project will involve the use of IITA’s expertise in the area of Geographic Information Systems (GIS) and baseline mapping of cassava farms to determine the extent of
cassava production in the country. It will also involve the use of space technology to
assemble critical data on soil testing, and water and solar energy requirements of the
crop in different agro-ecologies.22

Nigeria imports ethanol, but has no domestic biofuels production. However, its large
land area creates enormous potential for the production of biofuel feedstocks. Yields
for cassava, of which Nigeria is thought to be the world’s largest producer, could be
increased dramatically, and arable land suitable for sugar cane is estimated at ten times
that currently under cultivation. While the government has issued various biofuels
directives, a concrete industry program has yet to emerge. R&D activities are largely
in the planning stage. However, there are indications of serious Chinese investment
interest, and two MOUs have been signed for ethanol production in the Niger and
Ebonyi States.
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5.3 SOUTH AFRICA

Source: World Factbook

A) INTRODUCTION

The country’s local biofuels industry association, SABA, claims that it has the potential
to produce 10% of South Africa’s petrol and diesel needs by 2010, which given the current pace of investment and the lag time between investment and production, seems
overly optimistic. South Africa currently consumes about 11 billion liters of gasoline
and 8 billion liters of diesel a year.1 It is also envisaged that the production of biodiesel
could create 38,500 farm-level jobs. Ethanol-from-maize production could result in
17,000 farm-level jobs by 2015.2
B) GOVERNMENT POLICIES
The South African government has enacted a number of policies and legislative initiatives to support the development of renewable energy generally and biofuels in particular. The government’s 2003 White Paper on Renewable Energy was designed to help
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Historically, incentives for investment in both energy efficient technologies and renewable energy in South Africa have been weak, partly due to the country’s inexpensive
and abundant coal. In November 2003, the South African Minerals and Energy Department drafted its first White Paper on Renewable Energy, which sparked initiatives in
a number of renewable energy technologies, including biofuels. A National Biofuels
Strategy is expected to outline a policy for mandatory blending, incentives and support
mechanisms, and vertically integrated production models to prevent the formation of
monopolies.
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the renewable industry (including biomass, wind power, solar power, and small-scale
hydropower projects) by identifying market rules, sources of financing, and required
technologies for new entrants in the sector. In addition, the Gas Act (Act 48 of 2001)
and amended Petroleum Products Act provide a basis for the integration of renewable
energy-derived liquid fuels such as biodiesel and ethanol into the petroleum industry’s
regulatory framework.
Furthermore, in December 2005, the South African cabinet established a Biofuels Task
Team (comprising national departments and state entities) to develop an industrial
strategy focused on job creation. The cabinet authorized this team to engage interested
stakeholders and report on the financial implications of a modest biofuels industry.
The Biofuels Task Team was scheduled to publish a National Biofuels Strategy by October 2006.3 While the study is not expected to be made public until December 2006, it
is believed to provide four main recommendations:
1) Mandatory Blending of 10% for ethanol and 5% for biodiesel;
2) Incentives to encourage the local production of biofuels and B5 and E10 blending,
including import tariffs, fuel levy concessions, and support from the Department
of Agriculture for new farmers ranging from financing to professional advice and
access to research;
3) Structuring projects with a vertically integrated production model that a focus on
Black Economic Empowerment (BEE) and rural development, with projects acting
as an anchor for economic development by combining them with other high valueadded crops and agro-processing; and
4) Controlling production costs and distribution logistics by developing projects to
meet regional demand for liquid fuels.
The plan reportedly also recognizes the need for significant investment in agriculture,
plants, and equipment to meet the expected E10 and B5 target blends. Domestic and
international investors are reportedly ready to make substantial investments in biofuels capacity, but are waiting for government direction, particularly the level of mandatory blending and the timeframe during which it will be implemented.
The government estimates that if incentives are introduced, established commercial
farmers could produce a billion liters of ethanol and 200 million liters of biodiesel a
year. Government support, in combination with appropriate project structuring, could
also secure an annual supply of feedstock crops from emerging farmers. These can be
used to produce about 200 million liters of ethanol and 250 million liters of biodiesel.
It is envisaged that the production of ethanol from maize could result in 17,000 farmlevel jobs and that biodiesel could create 38,500 farm-level jobs by 2015.4
In addition to the national strategy, the government has taken certain actions that
should promote ethanol demand, namely a prohibition of the addition of lead-based
additives into petrol and the reduction of the sulfur content of diesel starting January
1st, 2006 and the decision by the Minister of Finance in February 2006 to increase the
fuel levy reduction for biodiesel to 40 percent from 30 percent. The National Treasury
also introduced accelerated depreciation for biodiesel capital expenditures.
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Relations with Brazil
The first India, Brazil, South Africa (IBSA) summit, which took place in Brasilia in September 2006, was a watershed moment for South-South biofuels cooperation and led to
the signing of a memorandum of understanding on biofuels and the decision to create
a Trilateral Task Force on Biofuels to work on concrete areas of common interest. The
meeting also resulted in the signing of a memorandum of understanding by South
Africa’s state-owned Central Energy Fund (CEF) and Brazil’s Petrobras to conduct a
feasibility study on the introduction of ethanol in South Africa.5
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C) CURRENT SITUATION
Energy Matrix
South Africa has an energy-intensive economy. The economy relies on low-cost electricity and coal to power energy-hungry industries such as mining and metals processing. Economic growth and improved distribution of electricity to households have
resulted in significant increases in electricity demand. The country also relies on coal
and liquid fuels for chemical processing, heating, transport, and other activities. The
renewable contribution to energy supply is relatively limited, with renewables contributing an estimated 9 percent of the country’s energy needs.6
Chart 5.3a: Share of Total Primary Energy Supply (2003)

Gas: 1.5%

Nuclear: 2.8%
Hydro: 0.1%

Oil: 10.2%
Renewables &
Waste: 11.1%

Coal: 74.3%

Source: IEA Energy Statistics

The proportion of final energy consumption currently provided by biomass is largely
a result of poverty (e.g., wood and animal waste used for cooking and heating). The
government’s medium-term (10-year) target is a 10,000 GWh (0.8 Mtoe) renewable energy contribution to final energy consumption by 2013, to be produced mainly from
biomass, wind, solar, and small-scale hydro. The renewable energy is to be utilized
for power generation and non-electric technologies such as solar water heating and
biofuels.7
South Africa currently consumes about 20 billion liters of fuel a year, and the market is
growing. The number of cars on the country’s roads is expected to increase from about
six million this year to nine million in 2013. However, the blending of biofuels with
fossil fuels is still voluntary.

Ethanol
Ethanol could be an important contributor to South Africa’s energy diversification.
Crops under consideration for ethanol production include sugarcane, sweet-stem sorghum, sugarbeet, maize, and cassava. Table 5.3a below indicates the potential contribution that ethanol from biomass could make to South Africa’s energy supply:
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Production and Consumption
The country’s local biofuels industry association, SABA, claims that it has the potential
to produce 10% of South Africa’s gasoline and diesel needs by 2010. South Africa currently consumes about 11 billion liters of gasoline and 8 billion liters of diesel a year.8
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Table 5.3a: Potential Ethanol Production by Feedstock
Crop or Biomass
Source
Cassava
Sugar Cane
Bagasse
Molasses
Maize
Sorghum straw
Wheat straw
Forest
Sawmills
Total

Energy Content of Potential
Annual Ethanol Production
PJ (TWh)
72.3 (20.1)
11.1 (3.1)
5.6 (1.6)
2.3 (0.6)
22.5 (6.3)
5.1 (1.4)
7.0 (1.9)
3.4 (0.9)
0.7 (0.2)
130 (36.1)

Source: SECCP9

In 2006, only 1.5 million hectares of maize were planted in South Africa, a third of the
area suitable for cultivation. It is believed that South Africa can comfortably produce
a maize harvest of up to 14 million tons a year, which will supply sufficient maize for
local consumption and biofuels production.
The South African sugarcane crop for the 2005/2006 season was of 21 million tons, representing an increase of 1.95 million tons (10.25%) over the previous season.10 A survey
based on production conditions in Brazil – which share some similarities with production conditions in South Africa – shows that sugar cane has an energy output relative
to energy input of 8.3, compared with sugar beet at 1.9, maize at 1.6, and wheat at 1.2.
Besides the production of ethanol, the sugar industry can also contribute to the generation of electricity by the combustion of cane fiber residue, known as bagasse. Some of
South Africa’s existing sugarcane producers already use bagasse to cogenerate steam
and electricity for their processing plants.11
Biodiesel
Crops under consideration for biodiesel production include sunflower, rapeseed, soy
bean, and jatropha. It is estimated that the agricultural sector has the potential to
produce more than 1.4 billion liters of biodiesel annually from these various oilseed
crops. This level could be achieved in two ways: 650,000 hectares of commercial maize
production could be converted to oilseed crop production, or the government could
implement an agricultural production revitalization program in disadvantaged rural
areas. The latter would make 2.3 million hectares of land available for oilseed crop production. Either approach would make a contribution of more than 20 percent towards
South Africa’s diesel consumption of 6.8 billion liters a year.12
D) PRIVATE SECTOR
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A number of large firms are considering investing in biofuels plants in South Africa.
In ethanol, the state-owned Industrial Development Corporation (IDC) and the Energy
Development Corporation (EDC), a division of the Central Energy Fund (CEF), are set
to begin a viability study on producing ethanol as a blend stock fuel.13 Ethanol Africa’s
first ethanol plant is being built at Bothaville in the Free State province. Bothaville lies
in the centre of the South African maize triangle and has been carefully selected to
ensure ready access to maize supplies, as well as access to the required logistical and
infrastructure support.14 The facility at Bothaville is expected to be fully operational
by the end of 2007 with the capacity to produce 473 million liters of alcohol and 63 million liters of biodiesel each year. The plant will also produce 270 tons/day of distillers’
dried grains as well as co-products, which will be either a high-protein animal feed or
an organic fertilizer. Following successful start-up of the Bothaville facility, Ethanol
Africa has plans for an additional 7 ethanol plants over the period 2008 to 2012, which
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will be located elsewhere in the Free State, Mpumalanga, and the North West province.
The company believes that at full capacity, its eight plants could supply up to 12.5% of
South Africa’s fuel requirements by 2015.
Ethanol Africa’s crop securitization division, EA Crop Securities, is managing the
company’s emerging-farmer program, which is one of the first programs to focus on
small-scale farmers. These farmers could potentially supply up to 30% of the maize
required as feedstock by the Bothaville plant. The emerging-farmer program will assist small-scale farmers with detailed grower plans, budgets and cash flows, financing,
and mentorship, and will assist commercial farmers hit hard by negative movements
in the maize market.
To finance the venture, Ethanol Africa plans to list on the Alternative Investment Market of the London Stock Exchange to raise $92 million for the roll out of the company’s
first plants in South Africa. The company will also raise $65 million in a private share
sale. The South African government has the option to buy a 25.1% stake in the company through the Energy Development Corporation (EDC), which is part of the stateowned Central Energy Fund. Should the EDC exercise its option, the transaction could
be funded by the state-owned Industrial Development Corporation, which earlier this
year announced that it would be investing in at least five biofuels projects.15
Biodiesel projects include Sasol Nitro’s early 2006 memorandum of understanding with
the state-owned Central Energy Fund (CEF) for biodiesel production. The objective is
a 100,000 tons/year biodiesel-from-soybean plant.16 Biodiesel producer D1 Oils Africa,
the southern African subsidiary of biodiesel producer D1 Oils, has also entered into
a joint venture with Africa-focused agricultural commodities trading group Southern
Alliance. The two companies plan to combine forces to manage all aspects from crop
cultivation to bio-diesel production. The joint venture, known as D1 Trading Africa,
is expected to provide the company with a leading position in the market for the procurement of biodiesel feedstock in southern Africa, by securing sufficient feedstock
and leveraging existing operations in the transport and trade of seeds, seedlings and
seedcake, and the processing and supply of oil to biodiesel refineries.17
E) RESEARCH & DEVELOPMENT
A number of South African government agencies have been involved in research and
development projects internally as well as with academic and other institutions in
South Africa.

Additionally, South Africa’s Department of Science and Technology (DST) has been
providing financial support to the Council for Scientific and Industrial Research (CSIR)
to conduct research into biodiesel by-products. The main objective of the research is
to improve the nutritional value of oil cake, thereby increasing its use in animal feed,
specifically pig and poultry diets and fish food. Research will also be conducted into
its possible future use beyond animal feed. A secondary objective is to increase the
economic viability of biodiesel and create manufacturing industries in semi-urban and
rural areas.19
South Africa is also closely watching the biofuels progress taking place in India, and
is eager to learn from India’s experience planting 140,000 hectares of jatropha on marginal lands.
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The Central Energy Fund (CEF) has recently formed the South African National Energy Research Institute (SANERI) to specifically engage in renewable energy research
and development. SANERI has awarded Stellenbosch University the responsibility to
act as the hub of a postgraduate program in Renewable and Sustainable Energy Studies. The primary objective of the program will be to train scientists and engineers with
the required technical expertise to unlock the country’s renewable energy resources
and implement appropriate technology for using sustainable energy. It is expected that
the first postgraduate students will start their studies in February 2007.18
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For ethanol, research is underway to investigate the potential of cultivating sugar beet.
Trials in the Eastern Cape indicate that one hectare can produce up to 95 tons of sugar
beet, which could then be used for ethanol production. Sweet sorghum is also being
studied. This highly fermentable indigenous crop requires only about 40% of the water
needed to grow sugar beet, tolerates environmental stress better than sugar cane, and
economically rivals sugar cane production as a feedstock for ethanol.20
F) CONCLUSION
By far the most developed sub-Saharan African country, South Africa has the institutional capacity and industrial base to rapidly expand biofuels production. The government will soon release a National Biofuels Strategy containing key elements of a
regulatory and incentives framework. The state-owned Central Energy Fund is working with Brazil’s Petrobras on an ethanol feasibility study, and private sector initiatives
have been announced for modest corn-based ethanol units to be located around the
country. Investment capital is being sought on the London Stock Exchange for biodiesel projects. All these activities are in their early stages, but offer cause for optimism
that South Africa can begin realizing its substantial biofuels potential.
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5.4 ZAMBIA

Source: World Factbook

A) INTRODUCTION
While Zambia does not have a biofuels industry today, the government has recently
begun to explore ways to promote its development, motivated by the need to diversify
its national energy matrix, decrease its dependence on foreign oil suppliers, reduce
unsustainable renewable energy consumption, and advance its development agenda.

B) GOVERNMENT POLICIES
The Zambian government has begun exploring renewable energy, but has yet to develop a comprehensive national strategy. A number of government sponsored initiatives,
such as the December 2004 ministerial dialogue, have produced recommendations for
the development of a biofuels industry. This dialogue concluded that the government
should introduce a clear policy to promote the use of ethanol as an octane enhancer;
set high standards on the use of ethanol and biodiesel blends; develop an agricultural
policy for out-grower schemes; encourage private sector participation in ethanol-production and blending; build technical capacity; and establish fiscal incentives.1
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On the private sector side, there is clearly interest in investment opportunities in the
biofuels industry. However, the current policy void has kept many potential investors
from entering the market. It appears that the Zambian government is primarily betting
on the financial resources and technical know-how of the country’s large sugarcane
producers to kick start the industry. One of Zambia’s advantages, besides its potential
land and human resources for the production of biofuels, is its strategic position with
ready local and regional markets.
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Various signals, including statements by high-ranking officials, suggest that the government is serious about facilitating the development of a biofuels industry. However,
legislation concretizing that ambition has not yet appeared.
Relations with Brazil
The March 2006 visit to Brazil by Zambia’s minister of foreign affairs is considered a
landmark in the political dialogue between the two countries. It resulted in the decision to open embassies in each other’s capitals. The future Embassy of Zambia in
Brasilia will be the country’s first resident diplomatic mission to be established in Latin
America. Both countries expressed their will to foster bilateral contacts on all levels,2
which could facilitate cooperation on biofuels, particularly technical support for the
development of the Zambian industry
C) CURRENT SITUATION
Energy Matrix
To date, Zambia has not developed its own biofuels industry. However, biofuels are
being considered by the Zambian government as a potentially significant component
of the country’s energy matrix. The efforts to develop a biofuel industry are based on
energy security concerns, foreign exchange concerns, as well as the fact that Zambia’s
population is highly dependent on woodfuel and charcoal for energy. Most rural communities depend on wood for cooking and heating, and household energy supply in
urban centers is predominantly based on charcoal.
Chart 5.4a: Share of Total Primary Energy Supply (2003)

Coal: 1.2%
Oil: 9.0%
Renewables &
Waste: 78.0%

Hydro: 11.8%

Source: IEA Energy Statistics
Production and Consumption Capacity
Since there is no established biofuels industry in Zambia, there is no current production or consumption to report. However, an analysis of the sugarcane industry’s productive potential is presented in the chart below.
Table 5.4a: Projected Ethanol Production Statistics
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Company

Solid Sugar
(tonnes)

Molasses
(tonnes)

Zambia Sugar
Kafue Sugar
Kalungwishi Sugar

233,763
15,000
4,000
252,763

52,000
6,000
1,800
59,800

Potential Ethanol
Available x 106
Liters
14
4
0.5
18.5

Source: Partners4Africa3
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Projected demand has likewise been calculated, although based on very rough estimates of the country’s total vehicle fleet, which is between 60,000 and 150,000.4 Using
this approximation, ethanol demand is projected to range between just over 20 million
liters and 60 million liters, depending on the blend.
Table 5.4b: Projected Ethanol Demand in the Transport Sector
Year
Gasoline
5%EB
10%EB
15%EB

2005
147,564
15.25
30.51
45.76

2010
163,723
16.92
33.85
50.77

2015
181,651
18.78
37.55
56.33

2020
201,542
20.83
41.67
62.50

Source: Partners4Africa

If Zambia’s three major sugar producers dedicated their total supply of molasses to
ethanol production (an unlikely scenario), they could satisfy the country’s needs in
2015 with a 5% blend. As will be detailed in the following section, the expansion of
productive capacity is underway.
D) PRIVATE SECTOR
There is clearly a private sector interest in investment opportunities in the biofuels
industry in Zambia. However, the current policy void has kept many potential investors from entering the market. Zambia’s president, Mr. Levy Mwanawasa, recently
announced that a number of investors had plans to open ethanol plants in Zambia
once the government adopted legislation mandating ethanol blends in domestic fuel
consumption. He urged the ministry of Energy to quickly decide the issue of ethanol
in the country’s petroleum products.5

Spanish and Indian investors are reportedly competing to invest in a US$150 million
sugar plantation Zambia plans to establish by the end of 2006. Zambia Investments
Centre (ZIC) said a feasibility study had been concluded on the Luena sugar plantation in the north of the country, which will process sugar as well as ethanol. Luena has
100,000 hectares of virgin land of which only 30,000 hectares will be used for growing
and processing sugarcane while the rest has been earmarked for growing other export
crops. The project will grow sugarcane on a 10,000-hectare farm while 20,000 will
be for small-scale farmers on an out-grower scheme to be supported by the project.
The plantation will have the capacity to produce 250,000 tons of sugar. Luena will be
Zambia’s second biggest sugar producer after Zambia Sugar Plc. The government is
said to have committed $30 million for infrastructure such as roads, health institutions,
schools, water, and power for the surrounding community. There are no details on
when actual production of sugar or ethanol will start.7
Biodiesel production, while receiving somewhat less attention from the Zambian government than ethanol, is being pursued by D1 Oils Africa, the African subsidiary of
biodiesel producer D1 Oils. The Zambian government, which appointed D1 Africa as a
member of its task-force committee on renewable energy to develop a policy on biodiesel for the country, is supporting the company’s effort to plant feedstock in the country
over the next five years. One of the main projects underway in the area is the Kachumu
Community Development Network (KCDN) triangular farming block, a 15,000 hectare
public-private partnership initiative to encourage rural development in northern Zam-
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Illovo subsidiary Zambia Sugar has announced that it has the capacity to produce between 12 million liters and 13 million liters of ethanol at the present level of sugar production. ZS currently produces 50,000 metric tons of molasses and intends to increase
its capacity to 100,000 metric tons by 2010. This would double its ethanol capacity to at
least 22 million liters if the company chose to engage exclusively in ethanol production.
Currently almost all the molasses ZS produces goes into the domestic livestock sector
(a few tons are exported within the region).6
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bia. D1 Africa also expects to set up a refinery to produce biodiesel, which will not only
create employment and bring economic empowerment in the area, but will also go a
long way toward alleviating the fuel problem in the country.
This is a pilot project, which forms part of the spatial development approach for Zambia and may be replicated in other provinces if successful. Other projects being undertaken with communities in Zambia include the Lumwana Chiefdom, the Ntambo
Chiefdom, and the Mumena Chiefdom in the North Western province; the Mpezeni
Chiefdom Community in the Eastern province; the Hope Development Institute in the
Northern province; and the Nkumbula community in the Southern province. Many
of the projects are being undertaken on an out-grower basis whereby D1 Africa provides technical advice and seeds for planting, and then enters into off-take agreements
guaranteeing the purchase of the commercial seed crop. Projects are to be financed by
the private sector, government initiatives, or funds from international financial institutions, such as the World Bank or African Development Bank. As of March 2006, D1 Africa had planted over 4,900 hectares of jatropha, providing employment for more than
1,200 people. Additionally, D1 Oils is conducting a detailed feasibility study to grow
jatropha on some of the bigger mine properties situated in the Copperbelt and North
Western provinces, with a view to providing on-site biodiesel for their operations.8
E) RESEARCH & DEVELOPMENT
Research and development efforts in the biofuels industry in Zambia are limited. The
only known major R&D project to date was commissioned by the government to assess the possibility of producing fuel from ethanol at the Zambia Sugar Plc Nakambala
sugarcane plantation in Mazabuka. This project is currently being touted as Zambia’s
flagship public-private biofuels initiative.9 The environment for R&D is nevertheless
likely to improve as laws are passed regarding biofuels production and private sector
investment in the industry grows.
F) CONCLUSION
Zambia currently has no biofuels industry, minimal R&D activity, and no legislation
creating a regulatory framework of incentives for its establishment. Potential exists for
limited sugarcane-based ethanol production and several private sector groups have announced plans for ethanol plants and increased cane production. Also, D1 Oils Africa
has begun small-scale work on oil seed-based biodiesel. However, significant progress
will depend on the creation of a reliable regulatory environment and infrastructure
support.
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6. ASIA

Source: World Factbook

A) INTRODUCTION

The Asian biofuels industry is led by China, the world’s third-largest ethanol producer, and India. Both regional powers are projected to see biofuels demand grow more
quickly than supply. Meanwhile Japan, the world’s third-largest oil consumer, is one of
the fastest growing consumers of biofuels, despite the lack of concrete government policies to encourage biofuels consumption. In the Southeast Asian countries of Malaysia,
Indonesia, the Philippines, and Thailand as well as South Asia’s Pakistan, the biofuels
industry is only just taking off. All these countries, however, have an eye on eventually producing biofuels for export markets. Finally, the Asia-Pacific agricultural power,
Australia, rounds out the group with a potentially self-sufficient biofuels industry.
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Asia, home to 60% of the world’s population and the world’s fastest growing economies, is of paramount importance to the world’s energy picture. As with other regions,
the rising cost of oil, concerns about energy security and worsening pollution, and the
need to meet Kyoto Protocol commitments have been the key drivers of governmentbacked biofuels programs.
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B) GOVERNMENT POLICIES
The biofuels industries in Asia are all driven by government policies, but they are at
various stages of implementation and provide different levels of support. India, Thailand, and the Philippines have implemented mandatory blends for both ethanol and
biodiesel in transportation fuel. In Malaysia, a mandatory blend is only in effect for
biodiesel. In Pakistan, a mandatory ethanol blend is still under consideration. In China,
Japan, and Australia, governments have said it is unlikely that a mandatory blend will
be adopted, although this does not rule out the possibility.
The motivations behind Asian governments’ biofuels policies vary considerably, although they are all part of a worldwide trend toward renewable energy. In China,
which saw its oil import bill swell 40.7% to $47.72 billion in 2005, the primary consideration is diversifying the national energy mix to improve energy security and preserve
foreign currency reserves. Accordingly, the government has set aside $187.5 billion for
the development of renewable energy resources such as biofuels. The situation is similar in India, which is not only projected to overtake China as the world’s most populous
country by 2030, but also to account for a third of total global energy demand by 2050.
Developing biofuels for transportation is critical for both countries because they are
host to the world’s fastest growing auto markets.
The governments of Malaysia and Indonesia are more motivated by the development
of biodiesel export industries, as evidenced by the low levels of projected domestic
consumption. As the world’s largest producers of crude palm oil (CPO), a biodiesel
feedstock, both countries have potential to capture the growing European biodiesel
market. Thailand, the world’s largest producer of cassava (an ethanol feedstock), also
has an eye on export markets. The country is considering plans to utilize excess cassava
and sugarcane feedstock, which traditionally has been exported, for ethanol production directed at overseas markets. Meanwhile, the Philippines is motivated by a mixture of energy security and export considerations. In the short-term, the country hopes
to decrease oil imports by increasing biofuels consumption, but in the long-term it also
hopes to become a net exporter of biofuels.
Meanwhile, Pakistan’s ethanol initiative resulted directly from the end of its preferential tariff status in the EU, which had allowed the South Asian country to become the
EU’s second-largest ethanol exporter after Brazil. With Pakistan ethanol tariffs now at
the full rate, the local sugar industry has been furiously lobbying the government to
implement a nationwide mandatory ethanol blend that could sop up excess supply.
Australia, which depends heavily on agricultural exports for its economic prosperity,
has adopted a cautious approach towards biofuels. Unlike other Asia-Pacific countries,
which are either constrained by a lack of arable land or sufficient levels of feedstock,
Australia has to balance improving energy security against preserving its profitable
agricultural export regime. Finally, the biofuels initiative of the only other developed
Asian country covered in this report, Japan, is primarily motivated by the need to meet
its Kyoto Protocol commitments, which call for the reduction of greenhouse gases by
six percent from 1990 levels by 2012.
Intra-Regional Cooperation
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1. China-Malaysia
In August 2006, the two countries signed an R&D cooperation pact to jointly develop
biofuels and biomass production technologies, with a particular focus on the exploitation of biomass produced on oil palm plantations.
2. India-Indonesia
Also in August 2006, the countries signed a deal to reduce tariffs on CPO in an effort to
promote palm-based biodiesel in India, the largest importer of Indonesian CPO.
3. Malaysia-Indonesia
In July 2006, the countries announced that they would devote six million tons of CPO
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each (nearly 40% of their individual CPO output) to biodiesel production. This pledge
followed a memorandum of understanding (MOU) signed in May to promote their
respective agricultural products in the international market.
4. Greater Mekong Sub-region
Although it is not clear that any government-level agreements have been signed, biofuels stakeholders from the Greater Mekong Sub-region (GMS), which includes Thailand,
southern China, Myanmar, Cambodia, and Vietnam, have been exploring the possibility of cross-border cooperation. This would enable the GMS countries to capitalize
on the comparative advantages of their neighbors. Thailand, for example, lacks cheap
labor and large tracts of land to cultivate feedstock crops (which Laos and Myanmar
have in abundance) but possesses significant technology and expertise.
Relations with Brazil
Brazil has concluded MOUs on cooperation in biofuels-related areas with the three
largest energy consumers in Asia: China, Japan, and India. In June 2006, China’s National Development and Reform Commission (NDRC) and Brazil’s Mines and Energy
Ministry signed an MOU to share information on policies and projects. It will also
promote joint venture projects in oil, natural gas, renewable energy, biofuels, power,
and mineral resources. In February 2005, the Japan Bank for International Cooperation
(JBIC) signed an agreement with Brazil’s Ministry of Agriculture, Livestock and Supply
stating terms of reference for the future implementation of a bilateral biofuel program
to export Brazilian ethanol and biodiesel to Japan. This was followed by the establishment of the Brazil-Japan Working Group on Biomass to share information and explore
possible opportunities for bilateral cooperation. In 2002, India and Brazil signed an
MOU for the specific purpose of promoting technological research cooperation on the
use of ethanol as a transportation fuel. The main goal of the MOU was to provide the
proper diplomatic framework allowing Brazil to share its advanced technological expertise on ethanol for transportation with India.
In Southeast Asia, Brazil has signed an MOU with Thailand to exchange biofuels information and expertise, which includes the annual export of 300,000 liters of Brazilian
ethanol. Brazil sees Thailand as a gateway for exports to the rest of the Asian region,
including China, South Korea, and the ASEAN countries, especially since it has no
major agreement on biofuels with, even if it does export small amounts of ethanol to,
the other ASEAN countries.
C) CURRENT SITUATION

On the demand side, biofuels consumption is growing rapidly, propelled by mandatory blend policies and other government economic tools such as tax subsidies. If the
Japanese government implements a mandatory 10% ethanol blend, the country will require an astounding 6 billion liters of ethanol annually, which is good news for ethanol
exporting countries like Brazil
D) PRIVATE SECTOR
The extent of private sector involvement in each country’s biofuels industry depends
largely on the makeup of the country’s economy and the incentives offered by the government. In China, where the strategically-important energy industry is dominated
by the central, provincial, and municipal governments as well as by state-owned enterprises, private sector participation is minimal. It is not feasible to get involved in
the Chinese biofuels industry without substantial government subsidies. In India, on
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Although China and India are among the world’s largest producers of ethanol, production of ethanol (and biodiesel) is still very much in the early stages. Billions of dollars
are only now being poured into infrastructure development, the expansion of energy
crop cultivation, and research into potential feedstocks. It will take a number of years
before the fruits of this investment will be apparent. China, for example, produced one
million tons of fuel ethanol in 2005. The increase in the cultivation of biofuels feedstock
like cassava is projected to boost production to 8 million tons by 2020.
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the other hand, the most significant forays into the biofuels sector are by the country’s
largest private firms such as Reliance Industries, which have the money and supply
network to support such a large undertaking.
In countries where there is one main biofuels feedstock, such as sugarcane for Pakistan’s ethanol industry and palm oil for Malaysia and Indonesia’s biodiesel industries,
the private sector drive is led by the sugar and palm oil plantation companies. In particular, the campaign to implement a mandatory ethanol blend in Pakistan is spearheaded by the sugar industry, which also controls the country’s ethanol refineries.
Oil refiners, although generally state-owned or at least state-controlled, are also key
in the biofuels industry. In countries like Australia, the relatively modest scale of the
country’s biofuels program can be attributed to the powerful oil lobby, which is reluctant to see a large-scale adoption of biofuels in the transportation sector. Similarly in
Japan, the influential oil industry is seen as a major impediment to the implementation
of a nationwide mandatory ethanol blend. The auto industry also has a key role in
biofuels. In particular, auto majors such as Honda and Toyota are developing engines
conducive to biofuels usage.
Transnational private sector investment is also growing, particularly where there is
synergy between the biofuels industry of two countries. This trend is the strongest in
Malaysia and Indonesia, as both countries are concentrating on palm oil-based biodiesel. With Malaysia fast running out of land for new palm oil plantations, Indonesia,
with its huge tracts of available land, is a top choice for Malaysian plantation companies seeking to increase capacity. The largest foreign investors in Indonesia are Malaysian plantation companies lured by Indonesia’s cheaper land and labor and by Jakarta’s
promise that state-owned companies would act as stand-by purchasers of biodiesel.
E) RESEARCH & DEVELOPMENT
In Asia, R&D work is led by governments and state-sponsored research institutes. Private sector players such as auto manufacturers and biofuels producers also play a role,
and they frequently cooperate with research institutes to develop more energy-efficient
forms of biofuels or more efficient biofuels production technology.
Although the focus differs from country to country, the following R&D themes are
apparent:
1. Jatropha-focused
India, China, the Philippines, and to a lesser extent, Thailand, are pouring hundreds
of millions of dollars into the development of jatropha as a biodiesel feedstock and the
examination of its potential impact on vehicles and the environment.
2. Second-generation biofuels
While seeking to expand cultivation of traditional biofuels feedstock such as sugarcane
and cassava, governments and research institutes are also concentrating on developing
second generation biofuels such as cellulosic technology, or the production of biofuels
from biomass derived from forests.
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3. Impact on car engines
This is mainly an issue in Southeast Asian countries such as Malaysia, Indonesia, Thailand, and the Philippines, where the relative novelty of biofuels as a transportation fuel
has led to wariness on the part of consumers. This has resulted in extensive research on
the impact of different biofuels blends on car engines.
4. Focus on non-grain feedstock
This is an issue for the larger countries such as China and India where food security is a
concern. China’s ethanol program was initiated at the turn of the century in part to deal
with a grain surplus, which has since run out, and alternative feedstocks such as sweet
sorghum are currently being studied. India has an official policy of not using food
sources as biofuels feedstock, hence the strong emphasis on jatropha development.
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Source: World Factbook1

A) INTRODUCTION
Australia depends heavily on large agricultural exports for its economic prosperity.
Unlike in other Asia-Pacific countries, which are constrained by the lack of arable land,
the question is not whether the country has sufficient feedstock capacity to produce
biofuels, but whether it wishes to improve energy security at the expense of profitable agricultural exports. Australia is taking a cautious but positive attitude towards
biofuels and has set a relatively modest goal of producing 350 million liters of biofuels
by 2010.

In 2004, the Australian government unveiled an energy white paper, titled Securing
Australia’s Energy Future, which presented a national strategy to deliver “prosperity,
security and sustainability” for the country’s energy outlook. One of the key tenets of
this blueprint is the promotion of cleaner and more efficient energy technologies such
as biofuels. To further this goal, the government established a US$392 million Low
Emissions Technology Fund, which seeks to support industry-led projects that showcase the commercial viability of new energy technologies with low greenhouse gas
emissions. The fund is expected to eventually leverage at least $783 million in private
sector investment.2 This goal will be supported by other programs such as the Remote
Renewable Power Generation and Greenhouse Gas Abatement programs which will
also distribute $1.08 billion in grants for greenhouse technology projects.3
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Biofuels
Following the announcement of the Biofuels for Cleaner Transport policy in 2001,
which set a target of producing 350 million liters of biofuels by 2010, a Biofuels Taskforce was commissioned by the government to draw up a blueprint for achieving this
goal. The Taskforce presented its report to the prime minister in August 2005 with a
total of 47 conclusions and a series of recommended actions. In particular, it singled
out low consumer confidence and high commercial risk as key barriers to achieving
the target.4
The Biofuels Taskforce Report was a precursor to the Action Plan for Biofuels, which
was issued by the Australian government in 2005 following consultation with and receipt of individual action plans from oil majors and other industry stakeholders. It
reiterated the 2001 target of producing 350 million liters of biofuels by 2010 and projected that the target could be met as early as 2008, with a possible production total of
500 million liters in 2010.5
Chart 6.1a: Projected Biofuels Production in Australia
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Government initiatives to promote a sustainable biofuels industry include7:
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• The Biofuels Capital Grants Program (Table 6.1a), which gave out $29.6 million in
grants to three ethanol and four biodiesel projects in 2004/2005 to support production expansion;8
• Mandating that all government vehicles to use E10;
• Simplifying the ethanol label, with the assistance of the four major local auto manufacturers;
• Ensuring the safety of using biofuels use by increasing the number of fuel quality
compliance inspections;
• Initiating a program to test E5 and E10 blends on vehicles;
• Conducting a study to evaluate the local health benefits of using E10; and
• Considering minor specification changes that could help encourage biofuels development.

A Blueprint for Green Energy in the Americas

6.1 AUSTRALIA
Table 6.1a: Successful Biofuels Capital Grants Program Applicants

Source: Biofuels Taskforce9

Both fuel ethanol and biodiesel are now effectively fuel-tax free because they enjoy
production grants of 30 cents per liter, which cancel out the equivalent fuel tax of 30
cents per liter.10 The subsidy was first granted in 2002 and has been extended from the
original end date of June 2008 to June 2011. Biofuels will incur fuel tax beginning July
2011, and tax rates will be increased in five equal stages to the final tax level in 2015
(Table 6.1b). When taxed, biofuels will become eligible for a fuel tax credit equivalent to
the amount of fuel tax paid when bought or imported minus a road-user charge. This
is expected to boost biofuels consumption as the fuel tax on alternative fuels is levied
at a 50% discount to the full energy content rate, which should keep the tax rate for
alternative fuels below the road user charge in the short-term. The Australian Bureau
of Agriculture and Resource Economics (ABARE) has estimated that government assistance to the biofuels industry could cost $93 million annually to 2009/10, a sum which
will eventually drop to $35 million per year by 2015/1.
Table 6.1b: Fuel Tax Rates for Biofuels (July 2011 to July 2015)
Fuel Type
(US Cents per liter) 1 July 2011 1 July 2012 1 July 2013 1 July 2014 1 July 2015
Ethanol
1.97
3.94
5.90
7.87
9.84
Biodiesel
2.99
5.98
8.99
12.01
15.04
Source: The Treasury11

Another tax reform that affects the biofuels industry is the Fuel Tax Bill, passed in June
2006. It was first mooted as part of the 2004 energy white paper, which called for replacing the existing complex system of rebates and grants with a single fuel tax credit system.
Although the bill will allow for fuel grants to continue under the Energy Grants (Credits)
Scheme for alternative fuels, the grants will gradually be reduced to zero in five equal
annual steps between July 2006 and July 2010 (Table 6.1c).13 However, the Biofuels Taskforce says the elimination of alternative fuel grants will have little impact on the industry, as a user would need to use either a 100% ethanol or 100% biodiesel blend in order
to qualify for an on-road alternative fuel grant. This opinion is backed up by data showing that there were only five claims for ethanol and none at all for biodiesel in 2003-04.14
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Once the subsidies are eliminated in July 2011, domestically-produced ethanol and
imported ethanol will be treaty equally. The domestic ethanol industry must therefore
take advantage of the five years to 2011 to improve its cost effectiveness; currently
Brazilian ethanol can be imported more cheaply than domestic ethanol can be produced.12
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Table 6.1c: Biofuels Fuel Credit Rates (2006 to 2010)
Fuel Type
(US Cents per liter) 1 July 2006 1 July 2007 1 July 2008 1 July 2009 1 July 2010
Ethanol
13.110
9.829
6.533
3.277
0
Biodiesel
11.658
8.744
5.809
2.915
0
Source: The Treasury15

Biodiesel
In comparison to ethanol, policies to encourage production and consumption of biodiesel are much less developed. Following the recommendation by the Biofuels Taskforce
that the government work with the Australian biodiesel industry to suggest B5, B20,
and B100 as the standard forms of biodiesel,16 a draft government position on biodiesel
standards was released for public comment in 2006 and standards are expected to be
finalized by the end of 2007.17 The Biodiesel Association of Australia has also reserved
judgment on the possible impact of the Fuel Tax Bill on the industry, arguing that the
structure of the bill would actually make biodiesel in most applications more expensive
than fossil diesel.18 It also asserts that eliminating the excise exemption in 2011 will not
give the biodiesel industry sufficient time to build the necessary infrastructure and attain needed economies of scale.
Local Government Involvement
Queensland, Australia’s largest sugarcane state, has published the Queensland Ethanol
Industry Action Plan 2005-2007 which allocated $7.3 million to support programs promoting the consumption of E10. To achieve this, the state government has implemented the Queensland Ethanol Conversion Initiative, which includes rebates for cleaning
tanks to enable the storage of E10, the organization of operational guidelines for engine
conversion, diesel ethanol blends and other related issues as well as the construction of
blending and distribution facilities for E10 and diesel ethanol blends.19
It has also launched a number of ethanol related grants, including but not limited to
the $10 million Sugar Industry Innovation Fund (SIIF), which has so far dispensed
grants to Mackay Sugar Co-operative to investigate the integration of best practices
ethanol technology and Bundaberg Sugar to conduct a financial feasibility study of
new developments in ethanol.20 To encourage demand, the state government will also
mandate the use of E10 in government vehicles as well as lobby the central government
to mandate nationwide fuel standards and consumption.21
The state government of New South Wales has gone a step further, with Premier Morris
Iemma announcing in October 2006 that ethanol will make up 10% of fuel consumption
in the state by 2011. A task force has been commissioned to formulate an implementation plan for the mandated use of E10 gasoline. It is expected to be a controversial
process, and oil major Caltex immediately announced its opposition to the proposal.22
Meanwhile, South Australia has taken the lead in the promotion of biodiesel. As part
of the state government’s drive to reduce greenhouse gas emissions, a new clean-fuel
initiative was launched in February 2005 that requires all metro trains and diesel buses
to use a 5% biodiesel blend starting March 2005. The state government has also implemented a public tender system to determine fuel suppliers for the delivery of biodiesel.23
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Relations with Brazil
Following the establishment of diplomatic relations in 1945, Australia and Brazil have
worked together on a range of multilateral issues, with a particular focus on mining,
biotechnology, and innovation. Brazil is Australia’s largest South American trading
partner, and bilateral trade reached $1.2 billion in 2005.24 Although there are presently no agreements on biofuels, Brazil and Australia published a joint statement in
January 2006 calling for exchanges between experts to study bilateral cooperation on
biofuels.25
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C) CURRENT SITUATION
Australia is the world’s largest exporter of coal, and it generates $24 billion annually
through energy exports. However, energy demand in the country is projected to surge
50% by 2020. The energy industry has predicted that $37 billion in energy investments
will be required by 2020 to meet demand.26
Chart 6.1b: Final Energy Consumption by Sector
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In 2001, the transport sector accounted for 41% of final energy use, virtually all of
which was derived from petroleum products (Chart 6.1c). Transport is projected to account for 90% of the total increase in final consumption of petroleum between 2000 and
2020.28 Australia’s oil imports have been rising steadily and helped swell the country’s
balance of payment deficit by $4.7 billion in 2004/05. According to GeoScience Australia, if the country were forced to rely on its own oil resources to meet its energy needs,
known oil reserves would last fewer than nine and a half years.29
Chart 6.1c: Current Annual Fuel Sales
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Ethanol
In 2005, Australia produced 125 million liters of ethanol, of which 60 million liters
was fuel ethanol.31 Currently, there are only three commercial producers of fuel ethanol (Manildra Group, CSR Distilleries, and the Rocky Point Sugar Mill and Distillery)
which have a combined annual capacity of 75 million liters. Three additional projects
have been funded under the Biofuels Capital Grants Program (Table 6.1a), which will
provide an additional 77.5 million liters in annual capacity. According to the Biofuels
Taskforce Report, other ethanol projects have been proposed that could, in theory, bring
total fuel ethanol capacity to approximately one billion liters by 2010 (Chart 6.1d).32
Chart 6.1d: Current and Potential Biofuels Production Capacity
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Ethanol-blended gasoline, usually E10 (with a 10% ethanol blend), is not widely available in Australia, although the number of gas stations offering E10 rose from just 70 in
June 2005 to 400 in October 2006.34 Fuel ethanol sales are volatile in Australia, dropping
from 56 million liters in 2002/03 to 28.7 million liters in 2003/04 and then rising again
to 40 million liters in 2004/05. The government has projected that sales will increase in
2005/06 and 2006/07 to reach 84 million and 134 million liters respectively.35
The main feedstock for ethanol in Australia is waste starch and degraded wheat feedstock, which is utilized by the country’s largest fuel ethanol producer, the Manildra
Group.36 However, an increasing number of new ethanol plants are choosing sugarcane molasses, of which Australia’s annual output is one million tons.
Chart 6.1e: Molasses Production and Consumption in Australia (100,000 tons)
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Source: CSR Ethanol37

The most important supply-side driver for Australia’s ethanol industry would be the
implementation of mandatory ethanol fuel blends. Table 6.1d shows the required feedstock for ethanol blend mandates of 2%, 5%, and 10%.
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Table 6.1d: Required Feedstock for Ethanol Mandates

Source: NRMA38

Because Australia is a net exporter of wheat and sugar, the country’s ability to produce
sufficient feedstock to support the needed ethanol is not in doubt. The only question
is whether Australia can do so without damaging its agricultural exports, which are a
vital part of the national economy.39
On the demand side, one of the largest obstacles to the development of the ethanol
industry in Australia is consumer apathy. Relatively few Australians are inclined to
buy ethanol, and concerns about its effect on their vehicles and on performance is pervasive.40
Chart 6.1f: Motorists’ Views on E10
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Biodiesel
In 2005, Australia’s biodiesel industry had an annual capacity of 337 million liters. The
industry leader is Australian Biodiesel Group, with an annual capacity of 200 million
liters.42 According to the Biofuels Taskforce Report, other biodiesel projects have been
proposed, including four sponsored by the Biofuels Capital Grants Program (Table
6.1a) that could add approximately 508 million liters in biodiesel capacity over the
short to medium term. This would in turn boost Australia’s total biodiesel capacity to
more than 800 million liters by 2009 (Table 6.1e).
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Table 6.1e: Biodiesel Plants in Australia (Operational and Expected)

Source: NRMA (National Roads and Motorists’ Association)43

At present, biodiesel sales are restricted to a small number of outlets providing biodiesel for commercial customers. The most common biodiesel blend is B5, although higher biodiesel blends have been employed by local governments and research institutions.44
The dominant feedstock for biodiesel production in Australia is waste cooking oil and
tallow (or animal fats). Although there are limited supplies of both (Table 6.1f), experts
say that they are more than sufficient to produce enough biodiesel to meet the government target of 350 million liters by 2010.
Table 6.1f: Available Biodiesel Feedstock in Australia

Feedstock
Waste Cooking Oil
Tallow
New Oil (Canola)

Quantity Available Per Year
600 million liters collected/available
400 million liters exported/available
740 million liters grown/exported

Source: Quantity45

New biodiesel plants, however, are expected to dry up the supply of waste cooking oil,
and the industry needs to find alternative feedstock, such as canola and other oil seeds
(Chart 6.1g), to maintain capacity expansion without compromising the country’s food
supply.
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Chart 6.1g: Oilseed Production in Australia
3,000

‘000 Tonnes

2,500
2,000
1,500
1,000
500
0
1998/99

1999/00

Canola

2000/01

2001/02

Sunflowers

2002/03

2003/04

Soybeans

2004/05F
Cottonseed

Source: Australian Oilseeds Federation46

As with the ethanol industry, weak consumer confidence could hamper the growth of
the biodiesel industry. This is especially true since not all auto manufacturers in Australia include biodiesel usage under their warranties and many do not recommend its
use. (Table 6.1g)
Table 6.1g: Australian Manufacturers’ Policies on Biodiesel
Australian Manufacturers/Importers
BMW, Chrysler, Ford, Hyundai, Jeep, Kia,
Land Rover, Mercedes Benz, Volkswagen
Holden

Company Policy on Biodiesel
Not Recommended

Max. 5% biodiesel (Except Rodeo
model – no biodiesel)
Mazda
Max 5% biodiesel, subject to all
other fuel standards being maintained
Mitsubishi
Use at own risk, problems not covered
under warranty
Nissan
Max. 5% biodiesel
Peugeot
Acceptable for some models, up to
max. 30% biodiesel
Alfa Romeo, Audi, Fiat, Renault, Ssangyong No response to RAC inquiries
Source: RAC (Automobile Club of Western Australia)47

The full support of the auto industry is needed to increase consumer confidence in
biodiesel. Ethanol sales reportedly surged 44% in the second-half of 2005 following
the agreement by international auto companies to officially label their Australian-made
cars as E10-compatible.48

The largest private sector players in the biofuels industry are the foreign oil majors, which control the retail transport fuel industry. They are led by BP Australia,
which announced in March 2006 that it had signed contracts with Bulwer Refinery in
Queensland and Primary Energy in Western Australia. These agreements, together
with a memorandum of understanding with CSR Distilleries, would allow BP Australia to acquire sufficient ethanol to provide consumers with more than 200 million
liters of biofuels annually by 2008, which is more than half of the national target of 350
million liters.49
Meanwhile, Caltex, which has sites selling E10 in Queensland and New South Wales,
is more active in biodiesel, and sells B5 and B20 blends in New South Wales and South
Australia.50 Smaller local independent players like United, Australian Farmers Fuel,
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and Neumann Petroleum also sell biofuels across the country. United is the leader,
with biofuels available at 50 of its gas stations, while Neumann and Freedom Fuels sell
biofuels at 25 service stations each.51
The number of ethanol and biodiesel manufacturing plants, which are predominantly
private-sector owned, is growing steadily. The Australian Biodiesel Group, which is
the country’s largest biodiesel producer, is currently pursuing a vertical integration
strategy to secure and manage supply.52 It is facing competition from Australian Renewable Fuels, which is investing in R&D to develop alternative feedstock for biodiesel
production (see below).
E) RESEARCH & DEVELOPMENT
The bulk of biofuels R&D in Australia is carried out by local governments or government-affiliated research institutes such the South Australian Research Institute, the
CRC for Sugar Industry Innovation through Biotechnology (SIIB), and the Sugar Research Institute (SRI). In particular, the South Australian Research and Development
Institute (SARDI) has developed a new biofuels research program, with an initial focus
on biodiesel. SARDI has also been engaged by biodiesel company Australian Renewable Fuels to develop feedstocks from crops, microalgae, and other sources (studies
have shown that algae can produce up to 60% of their biomass in the form of oil).
SARDI is also engaged in using breeding and farming systems to develop mustard and
canola varieties specifically for biodiesel production.53
Meanwhile, the Rural Industries Research and Development Corporation (RIRDC) has
undertaken a study to examine the possibility of producing ethanol from wood products. The project focused on two areas: the hydrolysis of wood to recover the sugars
that comprise the cellulose and hemicellulose in the wood feed and the subsequent
fermentation of the sugar solution produced, which is more complex than cane sugar
or starch sugars, because sugars produced from biomass by hydrolysis are a mixture
of six-carbon and five-carbon sugars. RIRDC hopes that its research can contribute to
the establishment of a wood-to-ethanol plant.54
Academic institutions are also involved in the R&D effort, with the University of New
South Wales adopting a R&D focus on improving biocatalysts for the production of
ethanol. The research group has already been issued US patents for its work on batch,
semi-batch, and continuous processes for C6 sugars using the biocatalyst Zymomonas.
If successful, these results could help significantly reduce costs in the production of
ethanol from lignocellulosics.55 Meanwhile, another academic institute, the University
of South Australia has linked up with the South Australian Department of Transport
to examine the long-term effect of using biodiesel and compressed natural gas in Adelaide metro buses.56
F) CONCLUSION
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It is clear that production in both ethanol and biodiesel is increasing in the country,
and that Australia should have little difficulty meeting the target of 350 million liters
by 2010. However, Australia will only become a significant global player in biofuels if
the government introduces mandatory biofuels blends. The elimination of subsidies
in July 2011 will put domestically-produced ethanol and imported ethanol on level
ground and offer a key advantage to the more cost-effective Brazilian ethanol industry.
Expectations for mandatory blends were dealt a blow in November 2006 when Treasurer Peter Costello announced that the government is unlikely to make the blending of
ethanol in gasoline compulsory,57 a position reitereated by the deputy prime minister,
who cast biofuel use as a matter of individual choice rather than government policy.58
Unless state governments follow the lead of New South Wales in implementing state
mandatory blends, biofuels consumption in Australia will remain relatively low.
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Source: World Factbook1

A) INTRODUCTION
While biofuels production, and ethanol in particular, was originally launched as a
short-term solution to reduce the grain surplus accumulated at the turn of the century,
it was also intended to improve energy security by diversifying the national energy
mix and reducing reliance on imported oil.
The strategic importance of biofuels to China’s energy industry has grown as worldwide oil demand and prices have surged. It also reflects the country’s move toward
sustainable development, which the government has made one of the pillars of its 11th
Five Year Plan (2006-2010).
B) GOVERNMENT POLICIES
Renewable Energy
To support the goal of sustainable development, the National People’s Congress passed
the 2005 Renewable Energy Law, which came into effect in January 2006.2 The aim of
the law is to promote the development and utilization of renewable energy, including hydroelectricity, wind power, solar energy, geothermal energy, biomass energy,
and marine energy.3 According to the State Renewable Energy Medium and LongTerm Development Program, renewable energy in China should account for 16% of
the country’s total energy supply by 2020. Specific targets were also set out for each
renewable energy type.4

Renewable Energy Type
Hydro Energy
Wind Energy
Biomass Energy
Solar Energy
Biogas
Solar Heating

2020 Target
300 million KW
30 million KW
30 million KW
1.8 million KW
40.3 billion Cubic Meters
300 million Cubic Meters

Source: State Renewable Energy Medium and Long-Term Development Program5

According to the WorldWatch Institute, China has become the world’s largest investor in renewable energy, with the country accounting for $6 billion of the $38 billion
invested globally in 2006.6 Hydro, solar, and wind energy received the most Chinese
government investment.7 This already sizeable investment was bolstered in October
2006 when Wu Guihui, the Vice Director-General of the NDRC’s Bureau of Energy
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announced that China would invest $187.5 billion to increase the ratio of renewable
energy from 7.5% in 2005 to 10% by 2010 and 16% by 2020.8
Biofuels
Government oversight of the energy industry, including biofuels, falls under the National Development and Reform Commission (NDRC), which creates policies on the
economic and social development. The development of the biofuels industry is also
safeguarded under the Renewable Energy Law. According to Article 32, “biological
liquid fuels” include ethanol and biodiesel as well as other biomass-derived liquid
fuels.9 The provision specifically encourages the development of energy crops and the
production of biofuels. Oil companies face possible fines if they do not obey future fuel
blend requirements.10 Finally, the law singles out renewable energy, including biofuels,
as a key area needing investment in R&D.
The NDRC has proposed a three-stage development roadmap for the biofuels industry.
Table 6.2b: Biofuels Development Roadmap (2006 – 2020)
FYP
11th

Period
2006-2010

12th
13th

2011-2015
2016-2020

Goals
Achieve the commercialization of biofuels-related
technology
Achieve large-scale production of biofuels
Replace 15% of fossil-based transportation fuel with
biofuels
Build China’s biofuels industry into a
globally-competitive force

Source: NDRC11

It has been estimated that meeting the 15% target in 2020 will require an annual production of between 1012 and 12 million13 tons of biofuels annually.
Ethanol
In February 2006, China unveiled the “Law Concerning Testing for the Extensive Use of
Ethanol Blended Gasoline for Automobiles and the Regulations Concerning the Conduct of Testing for the Extensive Use of Ethanol Blended Gasoline for Automobiles”,
which instructed the five provinces of Jilin, Heilongjiang, Liaoning, Henan and Anhui,
which account for 16% of the country’s vehicles, to blend 10% ethanol with gasoline
(E10). It also provided for the subsequent inclusion of 27 cities in another group of four
provinces – Shandong, Jiangsu, Hebei, and Hubei. In May 2006, the NDRC submitted
a report to the government proposing that the E10 blend mandate be extended to the
cities of Beijing, Tianjin, and Shanghai.14
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Map 6.2a: Provinces and Cities in China with E10 Blends (End-2005)

Source: Chong Siang Chew, Institute for Energy Economics15

The law established a National Ethanol Promotion Team led by the NDRC and supported by the China Petroleum Chemical Corporation (SINOPEC), the China National
Petroleum Corporation (CNPC), and a host of other government ministries and agencies.16 The law also established financial incentives and supplementary policies such as
sale prices and transportation methods.
The government will support the fuel ethanol industry through the provision of subsidies, which are necessary given the support the local transportation fuel industry
receives. Ethanol subsidies now amount to $176 per ton, which would amount to $176
million when the industry is running at full capacity. Subsidy levels have already
dropped from $235 per ton and are scheduled to decrease in phases until they disappear in 2010. This is in line with the government’s policy of moving away from grainbased ethanol towards energy crops-derived ethanol.17

Public Sector Involvement
This key role for Sinopec reflects its prominence in the biofuels industry. Together
with CNPC, it controls over 95% of the gas stations in the country. The four main fuel
ethanol plants (and any new players) must therefore sell their product to these companies, which blend the ethanol with gasoline and distribute the E10 blend through their
supply network.20
Sinopec is also involved on the biofuels production side, with plans to link up with
China Resources Alcohol, a subsidiary of the China National Cereals, Oils and Feedstuffs Corp (COFCO), to build a 110,000 metric ton cassava-based fuel ethanol plant
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Biodiesel
There are currently no specific government policies or nationwide standards on biodiesel, and no government subsidies are available to the biodiesel industry. However,
industry experts have speculated that this situation could soon change, given that the
government has declared the 2008 Olympic Games to be the “Green Olympics”, and
announced that the Olympics transportation fleet, which will be used to ferry athletes
and spectators, will be powered completely by biodiesel.18 The government has appointed Sinopec to take charge of drafting a national biodiesel standard, which experts
believe could be ready by early 2007.19
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scheduled to go on-stream by 2007 and to reach a capacity of one million metric tons
of fuel ethanol by 2010. It then intends to provide fuel ethanol to the southern provinces of Yunnan, Guizhou, Guangdong, and the Special Administrative Regions of Macau and Hong Kong.21 Sinopec is currently the only major state-owned enterprise to
produce biodiesel, albeit on a small scale (2,000 tons per year). It has already started
building a commercial biodiesel plant, which will come on stream in 2008. Biodiesel
produced may be blended with fossil diesel to be sold as B20 (diesel with 20% biodiesel
blend) at Sinopec gas stations.22
Relations with Brazil
In June 2006, China’s NDRC and Brazil’s Mines and Energy Ministry signed a Memorandum of Understanding to share information on policies and projects in the mines
and energy ministries. It will also promote joint venture projects in oil, natural gas, renewable energy, biofuels, power, and mineral resources.23 The conclusion of the MOU
could be a sign that a long-awaited ethanol trade deal is on the horizon, especially if the
10% blend is extended to more provinces or even nationwide.24
C) CURRENT SITUATION
Torrid economic growth for the last quarter century–China averaged 9.88% annual
GDP growth between 1993 and 2005,25 has also transformed China into the world’s
fastest growing energy consumer (see Chart 6.2a) and the third largest importer of oil
behind the US and Japan. In 2004, China’s crude oil imports rose a staggering 34.8%,
accounting for 30% of the world total.26 In 2005, China’s crude oil imports rose only
3.3% to 126.8 million tons, but its oil import bill surged 40.7% to $47.72 billion due to
soaring oil prices.27
Chart 6.2a: China’s Petroleum Balance
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With the IEA projecting that China’s oil consumption will continue its steady upwards
movement even as local production falls (see Chart 6.2b), it is unsurprising that the
Chinese government has made developing renewable energy resources a key goal of
the 11th Five Year Plan.
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Chart 6.2b: China Oil Demand and Imports Projections
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In 2003, the transportation sector accounted for 25% of China’s petroleum consumption.30 That same year, the sale of new cars in the country jumped 80% to 2 million
units, making China the fastest growing auto market in the world and rendering it all
but inevitable that gasoline consumption will continue to rise31.
Chart 6.2c: Estimate of China’s Car Ownership (Million Units)
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As shown on Chart 6.2c, a middle estimate would see just over 100 million privatelyowned vehicles on the roads in 2020, which would translate into gasoline and diesel
consumption of 228 million tons.33 That type of projection has prompted the Henan
provincial capital of Nanyang to implement a flex-fuel transportation pilot scheme,
supported by the Henan Tianguan Group and Tsinghua University, through which 100
flex-fuel vehicles and four flex-fuel public buses imported from the EU will be tested
on the city’s roads.34
Ethanol
China is the world’s third-largest and Asia’s largest producer of ethanol. China’s ethanol industry is comprised of more than 200 production facilities,35 with a combined
capacity of more than 10 million tons annually.36 The majority of the country’s ethanol
output is consumed by industrial sectors such as pharmaceuticals and the beverage
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industry. In 2005, China produced one million tons of fuel ethanol.37 According to the
NDRC, ethanol-blended gasoline now accounts for 20% of the country’s total gasoline
supply, with a total of 10.2 million tons of E10 blends produced in the nine aforementioned provinces.38
The country’s fuel ethanol is supplied by four main state-owned plants: Jilin Fuel Alcohol Company Ltd, Anhui Fengyuan Petrochemical Ltd, Henan Tianguan Group and
the Heilongjiang Huarun Jinyu Ltd.39 They were all established after 2000 to address a
surplus of grains, from which 80% of the country’s fuel ethanol was produced (see Chart
6.2d). State-owned COFCO is China’s largest ethanol producer. It currently operates
the Heilongjiang plant and has a 20% stake in the Jilin plant. In October 2006, COFCO
announced that it would spend $1.26 billion to boost its ethanol production to 3 million
tons over the next three years. This plan includes the establishment of a 400,000 tonper-year cassava-based ethanol plant in Guangxi Province, two 300,000 ton-per-year
sweet sorghum-based ethanol plants in Hebei Province and Liaoning Province as well
as the purchase of a 440,000 ton-per-year ethanol plant in Anhui Province.40
The rapid increase in ethanol production in the last five years has almost entirely depleted the surplus grain stock, although the NDRC has stated that producing 6 million
tons of grain-based ethanol in the 11th Five Year Plan (2006-2010) should not threaten
the country’s grain security.41 The volatility of China’s grain harvests and the national
policy to remain self-sufficient in food production, however, has prompted policymakers and ethanol producers to look for feedstock alternatives.
Chart 6.2d: Breakdown of Ethanol Feedstock in China (Current Situation)
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Source: Dehua Liu, Tsinghua University42

The primary candidates for alternative feedstocks are sweet sorghum, cassava, and
sugarcane, the current output levels of which are expected to be sufficient to produce
30 million tons of fuel ethanol.43 Accordingly, different provinces are conducting ethanol production trials using different kinds of feedstock (see Table 6.2).
Table 6.2c: Trial Tests of Non-Grain Ethanol Feedstock in China
Feedstock
Sweet Sorghum
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Cassava
Sweet Potato

Provinces Involved
Heilongjiang, Inner Mongolia, Shandong,
Xinjiang, Tianjin
Guangxi, Guangdong, Yunan, Fujian,
Hunan, Sichuan
Hunan

Source: Sohu News44

Cassava is seen as the energy crop with the most biofuels potential in China; China Agricultural University’s Professor Sen Yang estimates that it could produce 4 million tons
of ethanol. The cassava-based ethanol drive will be led by Guangxi Province, which
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accounts for 60% of the national cassava output and is currently planning to establish
a one million ton-per-year cassava-based ethanol plant.45
Compared to more experienced ethanol producing countries like Brazil and the US,
the costs of producing ethanol in China are high. Producing grain-based ethanol costs
an estimated $563 per ton, while sugarcane, cassava, and sweet sorghum cost approximately $330/ton.46 These costs mean that fuel ethanol is only profitable when oil prices
stay above $0.76 per liter, which is unlikely in China’s heavily-subsidized oil industry
and explains the necessity of the $191 million in government subsidies doled out to the
ethanol industry annually.47
Meanwhile, there have also been calls for China to produce cellulosic ethanol or to
develop ways to produce ethanol using stalks and plants that can thrive on land unsuitable for grain production. Such land is concentrated north of the Yellow River and
Huaihe River basins and totals 33.34 million hectares. According to Professor Shi Yuanchuan of China Agricultural University, cultivating just 20% of that land with crops
such as sugar grass would provide feedstock for an additional 20 million tons of ethanol. In addition, the 1.5 billion tons of stalk produced as a by-product should be able
to provide an additional 370 million tons of ethanol.48 Estimates for the potential of
different crops—and China’s overall production potential—vary considerably
Table 6.2d: China’s Ethanol Production Potential in 2020
Variety
Food Crops
Energy Crops
Total

Yield of Fuel Ethanol (Million t/a)
Year 2004
Year 2020
0.82
2
N.A.
6.019
0.82
8.019

Source: GTZ49

According to a GTZ report on liquid biofuels for transportation, China only has the
potential to produce slightly more than 8 million tons of ethanol annually by 2020.
This estimate is closest to the official target established by the NDRC, which calls for
the replacement of 15% of fossil-fuel gasoline in the transportation sector,50 requiring
an annual production of 10 million to 12 million tons of biofuels (both ethanol and
biodiesel) by 2020.51 However, this estimate also means that if, as forecasted, there
are 100 million vehicles consuming 228 million tons of gasoline and diesel in 2020, a
nationwide 10% blend would result in a biofuels demand of 22.8 million tons, creating
a supply shortfall of 12.8 million tons of ethanol.52
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Biodiesel
As in other Asian countries, the biodiesel industry in China is still in its infancy and
consists of only a few plants with limited capacities ranging from 5,000 to 20,000 tons
per year.53 In 2005, China produced 80,000 metric tons of biodiesel, using waste oil as a
primary feedstock. It has been estimated that approximately 40 biodiesel plants are being constructed nationwide, which will also rely on waste oil for biodiesel production
and have a total estimated production capacity of 200,000 metric tons per year.54
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Chart: 6.2e: Biodiesel Production and Capacity (2002-2005)
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At present, biodiesel consumption is very low, in large part because it does not have
access to the main distribution networks of China’s three large state-owned oil companies, Sinopec, PetroChina and CNOOC, which control a large majority of the country’s
gas stations.56 What little output biodiesel producers have managed to sell is through
direct marketing to transportation companies. For example, Sichuan Gushan Grease
Chemical, which was projected to have a 2005 output of 30,000 metric tons, sells its
biodiesel to local gas stations in San Tai County (in Sichuan Province).57
Although there are no existing laws or government standards on biodiesel, the strong
government endorsement of biofuels and the appeal of biodiesel’s cleaner properties to
an increasingly green-conscious public make it very likely that biodiesel will soon be
accepted as a blending stock for fossil diesel. A national biodiesel blend of between 5
and 20 percent (even if not mandatory) could produce biodiesel demand of between 5
and 20 million tons per year.58
Chart 6.2f: Consumption and Production of Diesel in China (1990 to 2004)
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The Chinese biodiesel industry is expected to take off in the next five years and may
attain a production total in excess of one million tons in 2010 (see Chart 6.2g). In the
short-term, waste cooking oil is expected to be sufficient to support growing biodiesel
production. In 2005, 19.14 million tons of edible oils were consumed, approximately
35% of which became waste that could be converted into biodiesel.60
In the long-term, China needs to cultivate crops specifically for biodiesel production
if it hopes to eventually implement a nationwide biodiesel blend without significant
imports. Given China’s dependence on vegetable oil imports61 and limited arable land
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for new crops, the country should focus on crops that can survive on wastelands or
desert areas. Experts have recommended the following six crops (in order of merit)
as the most suitable choices to feed the Chinese biodiesel industry: jatropha curcas,
euphorbia tirucallie, cornus vilsorniana, idesia polycapa, rapeseed, and soy.62
Chart 6.2g: Biodiesel Capacity Forecast (2005-2010)
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Source: Wendy Wen, Asia Biofuels Company

Ensuring sufficient feedstock is only one of the elements necessary for a viable biodiesel industry. Given that biodiesel prices are higher than fossil diesel prices, government subsidies (similar to those granted to the fuel ethanol industry) are necessary to
make the sector commercially viable. Similarly, a strong national biodiesel policy that
includes national standards, incentives to plant biodiesel feedstock crops, and access to
public sector gasoline supply networks would be helpful.
D) PRIVATE SECTOR

Foreign private sector involvement is also limited and skewed towards the biodiesel
industry, which is more in need of foreign expertise. UK-based biodiesel producer D1
Oils Plc has signed an MOU with the Center for Energy and Environment Protection
under the Ministry of Agriculture to promote the production of jatropha-based biodiesel in southern China. Under the terms of the MOU, the joint venture will establish a
seed farm to demonstrate jatropha growing and explore opportunities for establishing
small-scale pilot refinery operations in the country.66 D1 Oils also has plans to set up
a 500,000 ton jatropha-based biodiesel plant in Sichuan province.67 Another foreign
biodiesel producer, Austria-based Biolux, recently invested $154 million to construct a
wholly-owned biodiesel plant in Nantong City, which will use rapeseed oil as a feedstock. The plant is expected to have an eventual capacity of one million tons, which will
be directed toward export markets.68
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China’s biofuels industry is dominated by the central government, provincial and
municipal governments, and certain state-owned companies. Although there are hundreds of small private-sector alcohol production plants, they only produce alcohol
for industrial consumption and do not produce fuel ethanol.64 The majority of the
funding is provided by the government, which has committed $187.5 billion to renewable energy over the next three to five years.65 As in other countries that have heavily
subsidized gasoline sectors, investing in the Chinese biofuels industry is not yet commercially viable – at least not without heavy government subsidies. Moeover, China’s
energy industry is dominated by large state-owned enterprises that have strangleholds
on gasoline and diesel supply networks. Even when they have no operational responsibilities, investors may be hesitant to invest in the biofuels industry until the E10 blend
is extended to more provinces or a biodiesel blend is implemented.
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E) RESEARCH & DEVELOPMENT
The slow development of renewable energy in China has been attributed to weak independent technology development in the country; the majority of renewable energy
equipment used in China is imported at high cost. This situation is changing however. In February 2006, the National Medium and Long-Term Outlines for Scientific
and Technological Development (2006-2020) singled out energy as an area requiring
“urgent support” and mapped out a series of government-funded plans to encourage
energy-related R&D.69 One of these proposals is a special fund for the development of
renewable energy, which will be managed by the Ministry of Finance and the NDRC.
The fund sees biomass energy (which it defines as ethanol, biodiesel, biomass power
generation, and methane) as the top candidate for R&D funding.70
Funded by government agencies like the Ministry for Science and Technology, the bulk
of China’s R&D is conducted by university-affiliated research institutes. They are led
by the New Energy and Chemical Engineering Departments of Tsinghua University,
China’s top university, which have developed a new enzymatic approach that significantly reduces the negative impact of both methanol and glycerol on enzymatic activity in the production of biodiesel from local wood plant oil or grease trap waste.71
Another significant R&D player is the Biomass Engineering Center at the Chinese Agricultural University (CAU), where top researchers are among the main advocates of a
new Chinese national biomass to ethanol project. R&D at CAU is particularly focused
on cellulosic ethanol technology.72 This is also true at the East China University of Science and Technology, which in December 2005 reported progress in its project to distill
ethanol from cellulose raw materials (at an annual capacity of 600 tons) through acid
hydrolysis.73
A large chunk of R&D in the country is also devoted to developing non-grain feedstock, or energy crops, for ethanol. To study the feasibility of sweet sorghum as an ethanol feedstock, the National Sorghum Study Center, Shenyang Agriculture University,
Heilongjiang Academy of Agriculture, Jilin Academy of Agriculture, China Academy
of Agriculture, and the Beijing Sustainable Agriculture and Economic Plant Institute
came together to hold joint planning tests in Beijing, Liaoning and Henan, where they
assessed the suitability of ten popular strains of sweet sorghum in different areas of
northern China. The Chinese Academy of Agriculture Engineering, National Sorghum
Breeding Center, Renewable Energy Laboratory of Henan Agriculture University, and
the Ecology and Genetic Improvement Laboratory of Shenyang Agricultural University are researching the different species of sweet sorghum as well. Similarly, much R&D
has been conducted with regard to the suitability of cassava as an ethanol feedstock.
For example, the Fujian Agriculture and Forestry University has developed promising
cassava varieties with high potential biomass yield and high photosynthetic rate for
energy production.74
F) CONCLUSION
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China may soon become a major importer of ethanol if the E10 blend is extended across
the country. Local production will not be able to meet expected demand even though
the country is examining alternative feedstock for ethanol such as cassava and sweet
sorghum. Demand for biodiesel could actually overtake that of ethanol, given the high
consumption of diesel in the country. However, the spread of biodiesel will depend
on the cultivation of sufficient feedstock and a supportive government policy that includes substantial incentives. In the short to medium-term, progress will depend heavily on government policy, as private investment is limited.
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Source: World Factbook1

A) INTRODUCTION
India imports more than 70% of its energy needs and is home to the fastest-growing
motor vehicle industry in the world after China. These factors have accelerated the
government-backed development of a biofuels industry to diversify the national energy mix. India’s huge land mass and long agricultural tradition give it the potential to
become a world leader in both ethanol and biodiesel. However, India is just beginning
its biofuels program, and because it has chosen to produce ethanol from lower-yield
sugarcane molasses and promote jatropha-based biodiesel, which has not been commercially proven, the viability of the program remains uncertain.

In 2002, rising oil import bills prompted the Planning Commission of the Indian government to establish the Committee on Development of Biofuel in a bid to diversify the
national energy mix. In April 2003, it submitted a report, which surveyed the country’s
potential in biofuels and recommended establishing a National Mission on Biodiesel.2
To better coordinate the different ethanol and biodiesel-specific policies (see below)
that have since been implemented, the Ministry of New and Renewable Energy is in
the process of drawing up a draft National Policy on Biofuels. One of its recommendations is the creation of a National Biofuel Development Board, which will be headed
by the prime minister.3
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Ethanol
Under the Ethanol Blending Program (EBP), the blending of 5% ethanol in gasoline
was made mandatory in nine states and four union territories in January 2003.4 Oil
companies were offered incentives such as an exemption in the excise duty. However,
difficulties in obtaining sufficient ethanol were reported in the states of Maharashtra,
Goa, Gujarat, Andhra Pradesh, and Karnataka; indeed, oil companies were able to purchase only 196 of the 363 million liters needed in early 2004 as a result of lower sugar
production due to drought.5
In October 2004, the policy was amended to oblige oil companies to adhere to the EBP
only if:
- The price of ethanol for supply of ethanol-blended petrol is comparable to the price
of ethanol for alternative use.
- The delivery price of ethanol offered for the EBP in a particular state is comparable
to the import parity price of petrol in that state.
- The ethanol industry of that state is able to maintain the availability of ethanol for
the EBP at such prices.6
As a result, ethanol blending was halted until late 2005, when a stronger sugar crop
raised the availability of sugarcane molasses for ethanol production. In October 2006,
the blending of 5% ethanol with gasoline was made mandatory for all private and
public sector oil companies. It was also announced by the Petroleum Ministry that,
pending the availability of sufficient ethanol, 10% ethanol-blended gasoline would be
introduced in June 2007.7
Biodiesel
As discussed above, the findings of the Committee’s Report resulted in the creation of
a National Mission on Biodiesel, which is sometimes known as the National Mission
on Jatropha because of its choice of jatropha as the main feedstock. Because India is
facing a shortage of both edible and non-edible oils8 and does not use food crops as fuel
feedstock, jatropha, which is inedible and thrives even in marginal lands, is a logical
choice. The Mission, which received approval in principle from the Planning Commission in January 2006,9 is structured in two phases:
1. A Demonstration Project to cultivate jatropha on 400,000 hectares to be implemented by 2006-07.
2. A self-sustaining expansion of the project starting in 2007 and culminating in the
production of sufficient biodiesel to meet a 20% blend requirement in 2011-12.10
It will be led by the Ministry of Rural Development (MoRD), which has been appointed
as the lead ministry and supported by six micro-missions.11
Meanwhile, to boost biodiesel consumption, the Ministry of Petroleum and Natural
Gas implemented a biodiesel purchase policy that came into effect in January 2006.
The policy requires public sector oil marketing companies to purchase biodiesel at
Rs.25 per liter for blending with diesel from 20 purchase centers. An initial blend of 5%
biodiesel was stipulated, with the option of increasing the blend to 20% in phases.12
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Local Government Involvement
Local governments have also contributed to the development of the biofuels industry.
The Tamil Nadu state government has committed to cultivate jatropha, sugar beet, and
sweet sorghum on a contract farming basis as part of its alternate cropping strategy.
The Andhra Pradesh state government has drawn up a draft biodiesel policy, which
calls for the cultivation of 607,000 hectares of jatropha over the next four years13 and
provides subsidies of up to 90% to promote drip irrigation for that crop. It has also
granted $219,000 to fund R&D in biofuels-related activities and pledged to reduce the
value-added tax for biodiesel plants located in the state.14
Uttaranchal State has established its own Biofuel Board to coordinate the planting of
jatropha on 210,360 hectares of unirrigated, degraded forest land in stages by 2012 and
to establish the capacity to process 600,000 tons of jatropha seeds into biodiesel. Chhat-
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tisgarh State has also set up a biofuels development authority to double the current
batch of 80 million jatropha seedlings. It will also set up pilot jatropha demonstration
plantations in each of its districts.15
Public Sector Involvement
The state road transport corporations of the major sugar producing states are also heavily involved in the nascent biofuels sector. For example, the Haryana State Road Transport Corporation is testing out biodiesel on 20 Haryana Roadway buses, which will
soon be increased to 150.16 The Karnataka State Road Transport Corporation (KSRTC)
has 5,000 buses that have been running on diesel blended at 10% with oils extracted
from the pongamia plant for the last three years.17 In June 2006, Pune became the third
Indian city to test-run its public buses on biodiesel, and 10 Pune Municipal Transport
(PMT) buses are now operating on a 20% biodiesel blend.18
Meanwhile, Indian Railways has successfully run a trial on a diesel locomotive using
5,000 liters of imported soybean biodiesel and is now considering an ambitious project
in which it hopes to exploit nearly 90,000 hectares alongside its rail tracks for farming
biofuels crops such as jatropha. On August 10 2006, International Biodiesel Day, Indian
Railways ran a “bio-locomotive” entirely on biodiesel.19
Financing for biofuels projects is mainly extended by state financial institutions. The
National Bank for Agriculture and Rural Development (NABARD) is the leading bank
supporting biodiesel programs in rural areas. It offers services such as 100% refinancing to rural banks at a concessional rate of interest for the development of marginal
lands, refinancing of biodiesel expeller units, and co-financing of biodiesel manufacturing plants. NABARD also supports state governments’ biodiesel programs through
its Rural Infrastructure Development Fund.20
Financial Incentives
It has been reported that the Ministry of Finance is against granting biofuels an excise duty exemption because biodiesel-blended diesel and ethanol-blended gasoline
are being sold at the same price as fossil diesel and gasoline even though a lower duty
is already imposed on biofuels. However, the Finance Ministry has acquiesced to a
lower customs duty rate on non-indigenous manufacturing equipment for processing
oilseeds if used in industrial projects with less than $1.1 million in plants and machinery. Industrial projects with plants and machinery exceeding $1.1 million are already
eligible for 10% import tariffs under a separate arrangement for project financing.21

The existence of this official framework as well as growing trade between India and
Brazil (bilateral trade hit $2.3 billion in 2005) has led to a flurry of ethanol-related
deals. In April 2006, the state-owned Oil and Natural Gas Corporation (ONGC) offered Brazil’s Petrobras an equity and technology stake in a venture to set up a greenfield ethanol refinery to produce ethanol-blended oil products.24 In May 2006, Bajaj
Hindusthan, India’s largest sugar and ethanol manufacturing company, which has a
sugarcane crushing capacity of more than 61,600 tons-a-day, announced plans to set
aside $500 million to acquire mills in Brazil. A major factor in the decision-making
was the significantly lower cost of Brazil’s ethanol production. These acquisitions are
projected to increase the company’s total cane crushing capacity to 110,000 tons by the
end of 2006.25 Because of the difficulty of increasing India’s sugarcane area due to lack
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Relations with Brazil
In 2002, India and Brazil signed an MOU to promote technological research cooperation on the use of ethanol as a transportation fuel. The main goal of the MOU was to
provide a diplomatic framework that would allow Brazil to share its advanced technological expertise on ethanol for transportation with India.22 In March 2003, India’s
Uttam Group, one of the country’s leading manufacturers and suppliers of sugar plant
and machinery, formed a joint venture with Brazil’s Dedini, the world’s largest supplier
of alcohol distillation plants, to offer Indian sugar mills “flexible technologies and complete turnkey solutions” for the manufacture of fuel ethanol. The joint venture offers
sugar mills the flexibility to manufacture ethanol not just from molasses, but also from
secondary cane juice, leaving the primary juice for sugar production.23
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of available land and competition with other food sources, Bajaj Hindusthan hopes to
establish plants in countries with large sugarcane outputs in order to increase its ethanol production capacity from 320,000 to 800,000 liters a day. Brazil, with its huge land
availability, is a key country for consideration.26 In September 2006, Reliance Industries
announced its intention to set up a large-scale ethanol plant in Brazil, but no concrete
plans have been made.27
India was the largest importer of Brazilian ethanol in 2005 (410 million liters) due to a
poor sugarcane harvest. Its imports from Brazil are projected to rise further following
the implementation of the mandatory blend (see below).
C) CURRENT SITUATION
As is typical with rapidly growing economies, India’s energy demand has surged in recent years. Oil constitutes 34% of India’s total energy consumption and with domestic
production leveling off, the country imported nearly 1.7 million barrels per day (bbl/d)
in 2005. Consumption is projected to rise from 2.5 million bbl/d in 2005 to 3.1 million
by 2010.29
Chart 6.3a: India’s Oil Production and Consumption (1980-2005)
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With the UN predicting India will overtake China as the world’s most populous country by 2030, India is expected to account for a third of the world’s total global energy
demand by 2050.31
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Chart 6.3b: India’s Share of Total Global Energy Demand
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The transportation sector accounted for 90% of India’s oil consumption in 2005, and it
is slated to grow considerably. The consultancies Booz-Allen Hamilton and McKinsey
estimate that the Indian domestic new passenger car market (which produces one million new cars annually) will double by 2010 and cross the 3.5 million mark by 2015.33 In
this context, it is clear that promoting biofuels for transportation in India is critical.
Chart 6.3c: Annual Requirement for Oil
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Ethanol
India is the second-largest producer of ethanol in Asia after China. In 2005, India
produced 1.7 billion liters of ethanol, of which 200 million liters were fuel ethanol.
The ethanol industry is fragmented, with 120 separate producers. Most producers,
however, are concentrated in the sugarcane growing states of Maharashtra and Uttar
Pradesh. Other states including Tamil Nadu, Andhra Pradesh, Karnataka, and Gujarat
have small numbers of ethanol producers.35
In keeping with its policy of not using food crops as energy sources, India produces
ethanol from sugarcane molasses rather than from sugar directly. The lower sucrose
content in molasses as compared to sugarcane juice means that the country’s ethanol
yield is only a sixth of Brazil’s even though the countries are almost even in terms of
sugarcane production.36
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Table 6.3a: Sugarcane Production in India
Year
1950-51
1960-61
1970-71
1980-81
1990-91
1995-96
2002-03
2003-04
2004-05

Area
(100,000 ha)
1707
2415
2615
2667
3686
4147
4361
3900
3700

Yield
(t/ha)
32.10
45.50
48.30
57.80
65.40
67.80
64.60
60.5
N.A.

Source: Singh J P and Shree Renuka Sugars37

Chart 6.3d: Molasses and Alcohol Production in India
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It seems unlikely that the area under sugarcane cultivation will grow significantly, and
the government projects an increase of only 0.6 million hectares in the country’s 10th
Five Year Plan (2002-2007). This assessment is backed up by industry experts, who
project that the total area under sugarcane cultivation is unlikely to exceed 5 million
hectares. Sugarcane cultivation is a water-intensive process which India’s agricultural
industry can ill afford; 310 of the 470 districts in the country already have overexploited
water resources. There are also objections in the country to the allocation of scarce
water resources for the cultivation of a cash crop.39
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Sufficient Ethanol?
The sugar industry has said that output will be sufficient to meet demand for the nationwide 5% ethanol blend and even for the proposed hike to 10% in June 2006,40 but
other industry stakeholders disagree. Private sector oil refiner Reliance Industries has
said that it is opposed to the 5% ethanol blending policy because Indian ethanol capacity is insufficient to meet such a goal. It has estimated that the policy would require
that its refineries secure an additional 150 million liters of ethanol, which even its new
Maharashtra sugar plants will be unable to sustain.41 Other energy analysts have expressed concern that by trying to reduce its reliance on oil imports, India may instead
become dependent on ethanol imports, especially since sugar output in India has had
a history of volatility, as evidenced by the 2004 hiatus in the Ethanol Blending Program
(see above).42
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Chart 6.3e: Ethanol Requirement in Transportation Sector
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Biodiesel
There is a huge market for biodiesel in India, where 80% of auto fuel is diesel.44 India’s
young biodiesel industry, however, is still largely operating on an experimental scale.
In 2005, two small biodiesel plants, Aatmiya Biofuels and Gujarat Oleo Chemicals,
went on-stream. Achieving the National Mission on Biodiesel’s goal of a 20% biodiesel
blend by 2013 (for blend breakdowns see Chart 6.3f) depends first and foremost on the
expansion of jatropha cultivation to produce sufficient biodiesel feedstock.
Chart 6.3f: Biodiesel Demand in Transportation Sector
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Given that the Indian government has already identified 39 million hectares of land
suitable for growing jatropha46 (for the geographical spread see Map 6.3a), meeting the
target of roughly 11 million hectares is realistic.
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Table 6.3b: Diesel & Biodiesel Demand & Area Required under Jatropha for Different Blending Rates
Diesel
Demand
Year
(MMT)
2001-02 39.81
2006-07 52.33
2011-12 66.90

Biodiesel
@ 5%
(MMT)
1.99
2.62
3.35

Area for
5%
(Mha)
n/a
2.19
2.79

Biodiesel
@ 10%
(MMT)
3.98
5.23
6.69

Area for
20%
(Mha)
n/a
8.76
11.19

47
Source:
Source:Report
: Reportofofthe
theCommittee
CommitteeononDevelopment
DevelopmentofofBiofuels
Biofuel46

Map 6.3a: Suitability Map for Jatropha
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Carbon Credit Market
According to Rabo India Finance, India’s Multi-Commodity Exchange is likely to be the
third exchange in the world with a license to trade in carbon credits. India is the third
most prolific country behind China and Brazil in accumulating carbon emission reduction units (CERs), and Indian companies are on an investment spree in greenhouse-gas
reduction projects, as evidenced by the government’s approval of 226 projects, which
could translate into about 250 million CERs with potential revenue of $1.25 billion.49
Previously the domain of sugar companies involved in the ethanol industry, companies
from the chemical and other industries are also subscribing, no doubt enticed by the
jump in registered deals worldwide from just $377 million in 2004 to $9.4 billion in
2005.50
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D) PRIVATE SECTOR
Private sector oil and petrochemical giant Reliance Industries (RIL) is probably the
company most involved in all stages of the biofuels supply chain. Earlier this year, RIL
invested $500 million to set up a biodiesel refining plant in Andhra Pradesh and has
also started a pilot project to cultivate jatropha on 81 hectares of land.51 In May 2006,
RIL announced plans to set up three sugar factories, each with the capacity to crush
more than 10,000 tons of cane per day, in Maharashtra. The venture will be the first
sugar factory to convert the entire sugarcane juice, instead of just sugarcane molasses,
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to ethanol. RIL is also planning to produce ethanol directly from grains, turnips, and
damaged grains. However this plan may be delayed as the required cellulosic technology has yet to be commercially tested.52
Another major business house, the Tata Group, has expressed interest in establishing a biofuels pilot plant near its fertilizer plant in Babrala. The conglomerate is also
studying cash crops for farmers that can be refined into ethanol as well as methods to
produce ethanol from cellulosic materials.53 The Tata companies are also promoting
biodiesel consumption through their car manufacturing arm, Tata Motors, which is
involved in biodiesel R&D work.
Unsurprisingly, most players in the ethanol industry come from the sugar industry.
Shree Renuka Sugars, a fully integrated sugar company which owns India’s largest
sugar refinery, was granted approval by the Indian government to set up the country’s
first special economic zone (SEZ) for sugar and ethanol in Karnataka state. The SEZ
will include an integrated sugarcane processing complex with a cane crushing capacity of 5,000 tons of cane per day, a distillery, and a cogeneration plant. The venture will
enjoy SEZ perks such as exemptions from income, sales, and purchase taxes, as well as
the waiver of the domestic sugar release mechanism.54
Meanwhile, foreign companies are also investing in India’s biofuels industry. UK-based
D1 Oils Plc, a global producer of biodiesel with major operations in Asia, Oceania, and
Africa, has formed a joint venture with Mohan Breweries & Distilleries Ltd called D1
Mohan Bio Oils Ltd to plant jatropha in southern India on a contract farming model
that extends financial support to farmers through loan financing from the State Bank
of India and Indian Bank.55
E) RESEARCH & DEVELOPMENT
Although ethanol and other biodiesel feedstocks have not been entirely neglected, jatropha is the primary focus of biofuels R&D. Under the supervision of the government’s
Planning Commission, several different research task forces have been established. For
example, the Ministry of Forestry would oversee R&D on jatropha planting on forest
lands while the Ministry of Petroleum would conduct research on trans-esterification
processes. The R&D committee has also identified a number of areas that require particular attention, including technology practices for adoption at the grassroots level and
research on jatropha inter-cropping for agriculture applications as well as the blending
and storage of jatropha-based biodiesel.56

Meanwhile, R&D by private sector companies is generally concentrated on engine development and modification. Tractor firm Mahindra & Mahindra has established a
pilot plant utilizing karanj58 as a feedstock for biodiesel production and has successfully carried out tests using this fuel in its tractors.59 Tata Motors has teamed up with
the Indian Oil Corporation (IOC) in an informal project to study the feasibility of using
biodiesel in its vehicles. The project involves 43 buses running 160 kilometers a day
on a 10% biodiesel blend, and may be expanded to include all buses in Tata Motors’
160-strong fleet.60
Foreign companies, cognizant of the potential of India’s biofuels industry, have also
invested in R&D efforts, usually in conjunction with a local partner. Together with
the local Council for Scientific and Industrial Research and Germany’s University of
Hohenheim, German automaker Daimler Chrysler is carrying out a public-private
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The ministries are joined in the R&D effort by academic and research institutes. For
example, the Punjab Agricultural University has been examining the impact of plant
oils and their esters on diesel engines for the last two decades. It has established a
60-liter batch reactor for bulk production of jatropha-based biodiesel. The Indian Institute of Petroleum has been pursuing a project called “Liquid Fuels From Renewable
Resources” which concentrates on the use of non-edible oils for biodiesel production.
The Indian Institute of Chemical Technology has developed a patented catalyst-free
process to extract oil from jatropha that is insensitive to moisture.57
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partnership to test the feasibility of jatropha-based biodiesel on internal combustion
engines using feedstock from plantations in Gujarat and Orissa.61 British Petroleum
(BP) has linked up with The Energy and Resources Institute on a $9.4 million project to
test the feasibility of producing biodiesel from jatropha. The decade-long project will
cultivate jatropha on approximately 8,000 hectares of marginal lands and produce 9
million liters of biodiesel annually as well as install the necessary equipment for seed
crushing and oil extraction and processing.62
F) CONCLUSION
Although it is the second-largest producer of sugar in the world, India is unlikely to become an ethanol exporter. Food security concerns in the country mean that sugarcane
will remain primarily destined for sugar production, thus restricting ethanol feedstock
to molasses, which results in a lower output. Although sugarcane production may
grow marginally, India lacks the available land necessary for a significant increase.
The country is exploring other means of producing ethanol, such as through cellulosic
materials, but this technology will not be commercially viable in the medium-term. It
is likely therefore that India will have to import ethanol to meet the demand generated
by mandatory blends, especially as the country’s growing industrial sector consumes
ethanol for the manufacturing of products such as petrochemicals and pharmaceuticals. The biodiesel industry is also in an uncertain position because jatropha-based
biodiesel is still commercially untested. However, firm government support behind
the National Mission for Biodiesel as well as the potential price competitiveness of the
fuel blend may make the country’s biodiesel effort a qualified success
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6.4 INDONESIA

Source: World Factbook1

A) INTRODUCTION
Indonesia is the only Southeast Asian member of OPEC to become a net importer of oil
over the turn of the century. In 2005, it imported 30% of its energy needs, a dependence
that has been attributed to declining oil reserves and poor exploration techniques.2 In
particular, heavy subsidies on gasoline have rendered alternative sources of energy
economically untenable. With the lack of private sector investment and weak government support, biofuels development in Indonesia has been disjointed until very
recently, and largely limited to laboratory production trials and pilot projects
B) GOVERNMENT POLICIES
Indonesia’s national energy policy is overseen by the Agency for Coordination of National Energy (BAKOREN), a cabinet-level agency comprised of the Ministry of Energy and Mineral Resources, the State Ministry for Research and Technology, the State
Ministry for National Development Planning, the State Ministry for Environment, and
the Ministry of Industry. BAKOREN launched the Green Energy Initiative 2020 in
2005, which called for the maximum and most efficient utilization of renewable energy
and the development of clean, high performance fossil fuels.3 The initiative calls for
increasing the share of biofuels in the national energy mix from today’s 0.2% to 20% in
2025. (See Chart 6.4a below).4
Chart 6.4a: Projected Energy Mix in 2025

Biofuel & Biomass: 20%

Oil: 15%

Natural Gas: 20%

Coal: 32%
Source: Department of Energy & Mineral Resources5
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There is currently no national policy on biofuels and no legislation implementing mandatory blends. However, a number of government publications indicate that this situation will soon change. In May 2005, the Ministry of Energy and Mineral Resources
unveiled the Blueprint for National Energy Management. It sets the target of replacing
2% of fossil diesel with biodiesel and 2% of gasoline with a 10% ethanol blend by 2010,
with incremental increases to follow. Replacing 2% of gasoline with a 10% ethanol
blend at 2010 gasoline levels would require 420 million liters of ethanol annually6 (see
Table 6.4a) and 100,000 hectares of cassava cultivation. Displacing 2% of fossil diesel
would create a demand of 800 million liters in 2010 (see Table 6.4b), which would require 205,000 hectares to be cultivated with either palm oil or jatropha.
Table 6.4a: Ethanol Roadmap
2010
Gasoline Displacement
2%
Liters of Ethanol Needed (E10 blend) 420 million

2015
3%
N.A.

2025
5%
N.A.

Source: Ministry of Energy and Mineral Resources7

Table 6.4b: Biodiesel Roadmap

Diesel Displacement
Liters of Biodiesel Needed

2010
2%
800 million

2015
3%
1.5 billion

2025
5%
4.7billion

Source: Forum Biodiesel Indonesia 20058

In January 2006, Presidential Instruction 2006/No.1 called for speeding up the supply and utilization of biofuels. Details on the actual implementation of the policy are
vague, although it is expected to be included in an upcoming draft law on national
energy.10
Financing
To support such lofty biofuels production goals, Energy Minister Purnomo Yusgiantoro has estimated that Indonesia would need to raise $22 billion over the next five years.
This would help finance Jakarta’s plan to turn at least five million hectares of former
forest land into plantation land for palm oil, jatropha, sugar cane, and cassava,11 as well
as fund the $110 million promised to farmers to help them plant biofuels crops.12 To
solicit financing, Jakarta is investing $22 million to set up a venture capital company, to
be called the Lembaga Pembiayaan Bahan Bakar Nabati, in a bid to manage the $2.5 billion it intends to seek from multilateral institutions like the Asian Development Bank
as well as private investors. The company would then offer up to 70% financing for
biofuels projects in the country.13

Prepared by Garten Rothkopf

396

Investment Incentives
There are currently no incentives for biofuels projects. However, in May 2006, Energy
and Mineral Resources Minister Purnomo Yusgiantoro revealed that the Finance Ministry is considering fiscal incentives related to taxation and customs duties for biofuels
production equipment and simplifying the procedure for obtaining licenses. Meanwhile, other ministries would work on investor-friendly policies such as simplifying
land use permits to encourage the production of raw materials.14
Relations with Brazil
Indonesia has concluded several trade agreements with Brazil, but none of them are in
the area of biofuels or biomass trade and cooperation.
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C) CURRENT SITUATION
For many years, Jakarta kept the price of oil artificially low through a series of large
subsidies. However, the government was unable to sustain the heavy fiscal burden
when global oil prices surged in 2003 and finally increased fuel prices by 126% in October 2005.15 This decision paved the way for a state-backed effort to develop the biofuels
industry. At the same time, the price competitiveness of biofuels against fossil fuels has
started to attract private sector investors.
Chart 6.4b: Indonesia Total Energy Supply (2003)

Coal: 8%
Electricity: 10%
LPG: 2%
Oil Fuel: 63%
Gas: 17%

Source: BPPT16

Ethanol
According to the Ministry of Industry, Indonesia produced 170 million liters of ethanol in 2005, with the bulk of it going to the beverage and pharmaceutical industries.17
There are seven operational ethanol plants in Indonesia, each with a daily capacity of
between 30,000 and 90,000 liters, but little of the current output goes to fuel ethanol.
National ethanol production is expected to rise when local oil company PT Medco Energi International’s new 180,000 liter-a-day18 ethanol plant is completed in Lampung.19
The plant will use both cassava and sugarcane molasses, which are the two main ethanol feedstocks in Indonesia.

Biodiesel
In May 2006, state-owned Pertamina, which held a monopoly over downstream oil distribution and the marketing of fuel products until 2001, began selling biodiesel in three
of its gas stations. These pilot projects will be used to gauge how and when supply
should be increased across the country.23 Two biodiesel blends, B10 and B5, are being
sold and are supplied from the government’s Agency for Assessment and Application
of Technology (BPPT). This agency also runs a palm oil-based biodiesel plant with a
production capacity of 1.65 tons a day. BPPT also operates the East Java plant of chemical producer Eterindo Wahanatama.24
The Indonesian Investment Coordinating Board granted licenses to seven companies
to build biodiesel plants in 2005,25 and Indonesia’s biodiesel output is expected to rise
steadily (see Table 6.4c). Output should be further boosted by the Energy and Mineral
Resources Ministry’s plan to finance 11 biodiesel plants with a combined annual capac-
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Cassava is favored because the country is a net importer of sugar. In 2004, Indonesia
imported 1.4 million tons of sugar to supplement domestic production of 2 million
tons.20 Cassava, by contrast, is Indonesia’s third-largest crop. Indonesia was the world’s
fourth-largest producer of cassava in 2004 (20.4 million tons).21 However, falling yields
have converted the country from a net exporter to a net importer of cassava.22 If Indonesia wishes to become a serious ethanol producer and exporter, it will have to expand
the cultivation of both cassava and sugarcane, as envisaged in the government’s plan.
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ity of 29 million liters by the end of the year.26
Table 6.4c: Projected Biodiesel Capacity
Year
2007
2008
2009
2010

Capacity (Million Liters)
187
377
1200
1337

Source: Ministry of Energy and Mineral Resources27

The main feedstock for Indonesian biodiesel is palm oil. In 2005, Indonesia had 3.92
million hectares of palm oil under cultivation, with a yield of 3.52 tons per hectare and
an output of 13.8 million tons. It is projected to produce 13.7 million tons of palm oil
in 2006.28 Land-rich Indonesia is slated to overtake Malaysia, which is quickly running
out of available land, as the world’s largest producer of crude palm oil (CPO) in 2007.29
Malaysian plantation companies are showing strong interest in Indonesian land, and it
is likely that the majority of the 5 million hectares of land slated for biofuels cultivation
will be devoted to palm oil. (For more background on Indonesia’s cooperation with
Malaysia in the field of palm oil, please see the country report on Malaysia.)
Due to concerns over the use of palm oil as both a food crop and an energy source,
Indonesia is also looking into jatropha as an alternative biodiesel feedstock. The nonedible plant boasts a number of advantages including very high oil content and the
ability to thrive on marginal lands. Studies have shown that the eastern islands of
Indonesia, where some 3.67 million hectares of dry or barren land exist, are ideal for
jatropha cultivation.30
Production/Supply Chain Infrastructure
Although Indonesia possesses abundant raw materials, it lacks the necessary infrastructure for a widespread biofuels initiative. First, the lack of a clear legal framework
makes it difficult for biodiesel manufacturers to secure financing and structure their
ownership.31 This uncertainty is exacerbated by the dearth of banks and financial institutions willing to extend loans to what they deem a risky industry. Second, even
though Indonesia’s fiscal situation has improved greatly since the 1997 Asian financial
crisis, it is still considered a high-risk country for foreign investors. Third, the lack of
distribution and fueling infrastructure makes it difficult to establish a countrywide
biofuels market. Fourth, the absence of standardization, accreditation, and certification for both ethanol and biodiesel makes it difficult to ensure a quality product and
gain consumer confidence.32
D) PRIVATE SECTOR
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Private sector players are only now entering the Indonesian biofuels industry, having stayed away because of the inability of alternative fuels to compete against the
country’s heavily subsidized oil. As in Malaysia, local investors were led by plantation companies eager to gain economies of scale from vertical integration. In fact, the
country’s first privately-owned biodiesel plant, called Bakrie Rekin Bio-Energy, which
is expected to come on-stream in mid-2008 with an annual capacity of 60,000 to 100,000
tons, is a joint venture between PT Bakrie Sumatera Plantations and construction firm
PT Rekayasa Industri. The feedstock, which is to be a combination of CPO and jatropha, will be provided by Bakrie Sumatera’s plantations.33
However, the country’s largest agriculture company by market value, PT Astra Agro
Lestari, has held back from investing in palm oil-based biodiesel because it is not confident that the venture is commercially viable. The company is, however, considering
using jatropha as a feedstock because it is not a food source and is less subject to price
volatility.
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Indonesia has also managed to attract investment from Wilmar International, one of
Asia’s largest integrated agribusiness groups. The Singapore-based company has announced plans to build three palm oil biodiesel plants in its fully integrated manufacturing complex in Riau, Indonesia, where they will have access to Wilmar’s own dedicated port. They are expected to be completed in early 2007 and will have a combined
annual production capacity of 1.05 million tons, an output that would make Wilmar
the region’s largest palm oil-based biodiesel producer.34
The largest foreign investors in Indonesia however, are Malaysian plantation companies. According to the Indonesian Mines and Energy Ministry, three Malaysian firms,
Golden Hope Plantations, Genting Berhad, and Sime Darby have committed to invest
in local biodiesel.35 With Malaysian plantation land running out, Jakarta’s offer of five
million hectares of land for biofuels crops cultivation is very attractive, especially when
coupled with promises that state-owned Pertamina and state electricity utility PLN
would act as stand-by purchasers of biodiesel.36 The cheaper manufacturing and labor
costs in Indonesia make it an attractive location for biodiesel plants. In fact, Malaysia’s
largest conglomerate, Genting Berhad, has committed to invest in a project covering
one million hectares.37
E) RESEARCH & DEVELOPMENT
Indonesia’s biofuels R&D efforts are dominated by the state sector. In fact, the state-run
Agency for Assessment and Application of Technology (BPPT) carried out the country’s
first laboratory tests in both ethanol and biodiesel. It is joined by the State Ministry
for Research and Technology (SMRT), which has a priority program to provide fiscal
research incentives such as tax deduction and research funding based on a competitive
and top-down basis as well as non-fiscal research incentives such as technical assistance and the synergizing of research from the public and private sectors.38
Other state research institutes such as the Research and Development Center for Oil
and Gas Technology (LEMIGAS) and the Ministry of Forestry have concentrated their
efforts on developing commercially viable methods of producing biogas from palm oil
waste and lignocelluloses via a fermentation process.39
Academic institutions have also joined the R&D fray, but with a focus on jatropha as a
biodiesel feedstock. For example, the Faculty of Chemical Engineering in the Bandung
Institute of Technology recently operated a Mitsubishi Strade fueled with 100% jatropha-based biodiesel on a 3,200 kilometer trip from West Timor’s Atambua to Jakarta.40
As private sector involvement in the biofuels industry has only started within the last
year, there is currently no significant private sector-sponsored R&D in Indonesia.

Indonesia has ambitions to become the region’s largest producer of both ethanol and
biodiesel.41 While it certainly has the land and natural resources to support such an
undertaking, it lacks the two most fundamental ingredients: a strong infrastructure
and sufficient investment. Hence, Jakarta should prioritize adopting a legal framework, improving the country’s transportation infrastructure, and creating national biofuels standards. A clear show of government commitment will attract the first wave
of investment which would in turn provide the necessary financing for much-needed
improvements in infrastructure. Only then can Indonesia compete for global leadership in biofuels.
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Source: World Factbook1

A) INTRODUCTION
Japan, the world’s third-largest oil consumer, is one of the world’s fastest-growing
consumers of biofuels, despite the lack of concrete government policies to encourage
their consumption. The country produces little ethanol and has consequently become
a major importer. However, there are signs that the government is now committed
to encouraging biofuels production and consumption, which should increase Japan’s
importance in the biofuels sector.

As part of its commitment under the Kyoto Protocol to reduce greenhouse gases by six
percent from 1990 levels during the 2008 to 2012 period,2 Japan is promoting the development of new energy sources such as biofuels, which is relatively carbon neutral. The
Agency for Natural Resources and Energy has announced a target of replacing about
500 million liters of transportation fuel annually with ethanol and biodiesel by 2010.3
There are no compulsory blends in Japan, however, partly because of opposition from
the influential oil lobby and other consumer goods manufacturers.
Ethanol
Despite the absence of manadatory measures, Japan does promote a 3% blend of ethanol in gasoline. To encourage private sector involvement in the ethanol industry, the
Agriculture Ministry has committed $71 million to construct three ethanol plants with
a combined annual capacity of 15 million liters. They are expected to use local crops
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such as rice, low-quality wheat, sugarbeet, and sugarcane as feedstock. A separate
proposal by the Hokkaido Prefectural Union of Agricultural Cooperatives calls for the
construction of a 15 million liter-a-year ethanol plant in 2007. The Agriculture Ministry
estimates that Japan has sufficient feedstock to produce 100 million liters of ethanol
annually but has set a more modest target of 50 million liters by 2011.4 To achieve
this target, it plans to designate special biofuels districts starting in fiscal year 2007,
where drivers will be encouraged to use gasoline with a 3% blend. The Ministry has
also set aside $91.2 million to build related infrastructure such as biofuels-capable gas
stations.5
Biodiesel
Japan currently has no legislation regulating biodiesel standards. However, the Agency
for Natural Resources and Energy expects legislation soon allowing for a 5% biodiesel blend, which experts hope will help create standards and inspire consumer confidence.6 However, as with the ethanol law, it will not be mandatory and refiners will
have a choice as to whether they wish to sell the biofuel. The government is also considering offering financial incentives to biodiesel producers.7
Meanwhile, the Japanese Ministry of the Environment has set a target for increasing
biodiesel production from the current 5 million liters to between 10 million to 15 million liters annually by 2010. In accordance with the national practice of using waste
oil as a biodiesel feedstock, government policies are being drafted to encourage more
efficient collection of waste cooking oil from households, where 90% of the 140,000 tons
of waste cooking oil are now discarded.8 To prompt grassroots involvement in biodiesel production, the government also has plans to construct five small-scale biodiesel
plants.9
Relations with Brazil
In February 2005, the Japan Bank for International Cooperation (JBIC) signed an agreement with Brazil’s Ministry of Agriculture, Livestock and Supply stating terms of reference for the future implementation of a bilateral biofuels program to export Brazilian
ethanol and biodiesel to Japan. This was followed by the establishment of the BrazilJapan Working Group on Biomass to share information and explore possible opportunities for bilateral cooperation.10
In May 2005, following a high-profile visit to Brazil by then Japanese prime minister
Junichiro Koizumi, Japanese companies committed to invest up to $2 billion in the
Brazilian ethanol sector. JBIC, which signed agreements with Brazil’s Petrobras, the
National Bank of Economic and Social Development (BNDES), the Ministry of Science
and Technology, and CVRD, was the chief Japanese partner. The deal with BNDES
resulted in more than $500 million in JBIC loans for Clean Development Mechanism
projects, as established in the Kyoto Protocol.11 Japanese investment is expected to finance the installation of new refineries, increase the area under sugarcane cultivation,
and modernize infrastructure necessary for transporting ethanol.
In 2005, Japan imported 510 million liters of ethanol,12 more than 80 percent of which
came from Brazil. However, these ethanol imports were intended solely for use in the
chemicals and alcoholic beverages industries. With the passage of legislation allowing
for the blend of 3% ethanol in transportation gasoline, Brazilian ethanol companies are
optimistic that the ethanol trade with Japan will increase dramatically (see Table 6.5a)
and may even eventually reach 6 billion liters annually.
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402

This expectation has led to the creation of the Brazil-Japan Ethanol Company, a joint
venture between Petrobras and Nippon Alcohol Hanbai, which will operate in Japan
and import and commercialize up to 20 million liters of sugarcane-based ethanol from
Brazil by 2008.13 Other commercial Japan-Brazil arrangements include an agreement
between Petrobras, CVRD and Mitsui to study ethanol logistics in Brazil.
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C) CURRENT SITUATION
Energy Matrix
Japan is heavily dependent on oil, although its share of the country’s energy matrix
declined from 77% in 1973 to 50% in 2003.14 Oil alternatives such as nuclear power
and natural gas now play a significant role. However, given that both natural gas and
the uranium used for nuclear power generation are imported, Japan is far from selfsufficient in energy, especially when compared to other developed countries. As such,
plans to develop new energy resources15 are underway despite the high capital costs
required to increase new energy sources to the stated goal of 3% of the overall energy
supply by 2010.16 Japan has also set a goal of reducing its dependence on fossil fuels
20% by 2030.17
Chart 6.5a: Primary Energy Supply in Japan (2003)
New Energy: 2%

Geothermal: 0.1%

Hydro: 4%
Nuclear: 9%

Natural Gas: 14%

Coal: 20%
Oil: 50%

Source: Agency for Natural Resources and Energy18

Chart 6.5b: Japan’s Energy Self-Sufficiency Compared to Other Major Countries
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Plans to diversify Japan’s energy supply are especially important given the trend of rising energy demand in the country. In particular, energy demand has grown 2.1 times
in the transport sector between 1973 and 2003, because of rising vehicle ownership and
declining fuel economy.20
Ethanol
Japan currently produces no fuel ethanol, and the approximately 100 million liters in
synthetic and fermentation ethanol it produces annually go largely to its industrial
and beverage industries.21 This amount is supplemented by ethanol imports (Japan
imported 510 million liters of ethanol in 2005).22 Just six gas stations in the country sell
3% ethanol-blended gasoline (E3).23
According to the Japan Automobile Manufacturers Association (JAMA), there are 70
million automobiles in Japan with a combined annual fuel consumption of 60 billion
liters.24 If the 3% ethanol blend is implemented nationwide, demand for ethanol would
reach an estimated 1.8 billion liters. If the blend is later extended to 10%, the annual
ethanol requirement would hit 6 billion liters.25
Table 6.5a: Potential Ethanol Requirements in Japan
Ethanol Blend
3%
10%

Ethanol Requirement
(Billion Liters)
1.8
6.0

Source: JAMA26

Meanwhile, the Petroleum Association of Japan, which comprises 17 companies in the
refining and oil marketing industries, has announced that gasoline blends containing
7% ethyl tertiary butyl ether (ETBE), which is an additive made by mixing ethanol and
iso-butylene, will be available for general public consumption by 2010. This is expected
to create domestic ethanol demand of 350 million to 400 million liters.27
Biodiesel
According to the Japanese Ministry of the Environment, Japan produced 5 million liters of biodiesel in 2005.28 The biofuel is mainly produced by municipal governments
and the feedstock is primarily waste oil. Because Japan is heavily dependent on imported vegetable oil, the recycling of 450,000 metric tons of waste oil generated annually has become a national practice.29 In recent years, companies such as Tohoku Eco
Systems, Ishibashi Petrol, Aburatou Shoji, and Someya Shoten have begun converting
waste canola cooking oil into biodiesel at their plants. These commercial companies
were joined by municipal governments in Shiga Prefecture, like Yokkaichi City and
Shinashi Town, where waste cooking oil-derived biodiesel is used to power government vehicles. These locally-led biodiesel efforts have been labeled the “Nanohana
Projects”30 and have quickly spread to more than 102 municipal governments across
the country.31
D) PRIVATE SECTOR
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Private sector involvement in the biofuels sector is led by the Petroleum Association of
Japan (PAJ). Oil companies are joined by other Japanese industrial giants like Nippon
Steel, Asia’s second-largest steelmaker. It has announced the launch of a pilot plant to
process the carbohydrates contained in food waste into sugar, which will then be fermented into ethanol and blended with gasoline at a 3% level. Studies have projected
that 10 tons of such food waste, which will be collected from supermarkets, restaurants,
schools, and hospitals, can produce 397 liters of absolute ethanol daily. Construction
on the plant, which will be located in Kitakyushu City in southern Japan, began in September 2006, and the facility should be operational by April 2007.32
In addition, the country’s largest refiner and auto manufacturer, Nippon Oil and Toyota Motors, announced in October 2006 that they would commence a joint development
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study together with the Malaysian national oil company Petronas in 2007, with the
aim of producing palm oil-based biodiesel by 2009. Under this arrangement, Petronas
would provide the palm oil feedstock, Nippon Oil would develop refining technologies to convert palm oil into biodiesel fit for transportation fuel, while Toyota would
run tests to ensure the safety of palm-oil based biodiesel in auto engines.33
Toyota is joined by fellow automaker Honda in developing engines suited to biofuels
usage. In 2006, Honda unveiled flex-fuel versions of its Fit and Civic models, which are
equipped with exhaust sensors able to detect automatically the fuel mixture in the tank
and capable of running on 20 to 100 percent ethanol mixes. Honda’s flex-fuel operations are in addition to the R&D work the company has accomplished in developing
ethanol produced from biomass sources (please see the R&D section below).
Trading conglomerate Mitsui & Co. has an agreement with Brazil’s Petrobras and
CVRD to study ethanol logistics in Brazil that supplements an earlier agreement between Petrobras and Mitsui to conduct ethanol export studies.34 Meanwhile, Mitsui
Engineering & Shipbuilding Co (a subisidary of Mitsui) is exploring the feasibility of
producing ethanol from agricultural wastes sourced from Malaysia such as felled oil
palm trunks, empty fruit bunches, fibrous fruit wastes, and kernel shells. If successful,
the company will build a $3 million pilot plant within the next two years and begin trial
operations by 2010.35
Future private sector investment plans include the creation of Japan’s first plant for
commercial production of cellulosic ethanol in January 2007. The plant will be operated by Bio-ethanol Japan Kansai Co Ltd, a joint venture between Taisei Corp and four
other Japanese firms, and is expected to produce 1.4 million liters of ethanol from waste
wood annually with plans to raise output to 4 million liters within two years.36
E) RESEARCH & DEVELOPMENT
Japan is an R&D powerhouse and leads the world in the number of patent applications
submitted in the area of climate change and biomass research. In fact, the 20 most frequent applicants between 1998 to 2002 were all Japanese companies.37
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Japan’s R&D efforts in biofuels in particular are led by the New Energy and Industrial
Technology Development Organization (NEDO), which is Japan’s largest public R&D
management organization and promotes the development of advanced industrial, environmental, new energy and energy conservation technologies. In addition to studies
on the local alternative energy sector, NEDO has frequently forged links with foreign
governments and research institutes to conduct studies on foreign biofuels markets.
These efforts include an MOU with the Thai Ministry of Industry to undertake a project
which aims to introduce technology for producing ethanol as a transport fuel from bagasse and molasses.38 Diagram 6.5a below gives more examples of the kind of biomass
R&D projects that NEDO has or is currently engaged in.
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Diagram 6.5a: NEDO Biomass R&D Roadmap
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Commercial players are also involved in R&D process. In October 2006, researchers
at Asahi Breweries, in conjunction with the National Agricultural Research Center for
Kyushu Okinawa Region, successfully cultivated a sugarcane variety three meters tall
with twice the yield as normal sugarcane, able to thrive even in poor soil, and capable of surviving droughts and typhoons. The new variety has been labeled “Monster
Cane” or, more formally, “high-biomass sugarcane” and is expected to be harvested
soon to serve as feedstock for a pilot ethanol plant run by Asahi Breweries. The aim is
to produce ethanol from cane at a cost of just 25 cents per liter, which would be nearly
cost competitive with Brazil and go a long way to making ethanol competitive with
fossil gasoline.40
With the increasing role that biofuels are to play in the transportation sector, automakers are also investing in R&D. For example, Honda’s R&D arm, in conjunction with the
Kyoto-based Research Institute of Innovative Technology, claims to have developed the
world’s first practical process for producing ethanol out of cellulosic biomass. This involves the creation of large volumes of ethanol from biomass such as wood and leaves
through the use of a micro-organism that can convert sugar into alcohol while reducing
interference from fermentation inhibitors, which are produced when the hemicellulose
is separated from the cellulose, thus yielding ethanol more efficiently.41 Honda has
plans to construct a test plant in 2008 but has yet to discuss the commercial use of the
fuel produced via this method.
F) CONCLUSION
It is clear that limitations on feedstock will make Japan a major importer of fuel ethanol.
At the very least, a non-mandatory 3% blend will create demand of 400-500 million liters. A nationwide mandatory blend at that level would raise ethanol requirements to
1.8 billion liters, and a 10% nationwide mandatory blend will require a whopping 6 billion liters. Many industry watchers say this final scenario is unlikely, at least within the
next decade, given the influence of the oil companies in Japan. However, new Prime
Minister Shinzo Abe has publicly backed the biofuels initiative and called on agriculture minister Toshikatsu Masuoka to ensure that 10% of national gasoline demand is
substituted with biofuels.42
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Source: World Factbook1
A) INTRODUCTION
Of all the Asian countries covered in this report, Malaysia is the only one that currently
has no plans to develop and promote ethanol as an alternative fuel.2 While acknowledging the merits of ethanol as a clean energy, the government has chosen to focus first
on developing palm oil-based biodiesel, introducing it for public consumption, and
nurturing it as a key export product. As the largest producer of crude palm oil (CPO)
in the world, Malaysia has also announced its intention of becoming the world’s largest biodiesel producer, an ambition supported by a strong National Biofuel Policy and
backed up with financial incentives to attract both local and foreign investment.
B) GOVERNMENT POLICIES
National Biofuel Policy
In March 2006, Malaysia unveiled its National Biofuel Policy, which aims to reduce the
country’s dependence on fossil fuels by promoting environmentally-friendly, viable,
and sustainable sources of energy. The five key elements in the plan are:3
1. Biofuel for Transport: B5 diesel, a blend of 5% processed palm oil and 95% fossil
diesel will be applied to the land and sea transportation sectors;
2. Biofuel for Industry: B5 diesel will also be introduced in the industrial sector to fuel
construction machinery, boilers, and generators;
3. Biofuel Technologies: R&D as well as commercialization of biofuels technologies
to be funded by both the government and private sector (including venture capital
firms);
4. Biofuel for Export: Encourage the construction of plants to produce biofuels for
export to meet growing global demand;
5. Biofuel for Cleaner Environment: Increase the use of biofuels to minimize the emission of greenhouse gases and improve the quality of the environment.

1. Short Term: Establishing standard specifications for B5 diesel, requiring selected
government departments to register their diesel vehicles for B5 diesel trials, installing B5 diesel pumps for the public at selected gas stations, educating the public on
the use of B5 diesel, and conducting voluntary trials on B5 diesel for the industrial
sector;
2. Medium Term: Establishing standard specifications for palm oil-based biodiesel for
domestic use and export, encouraging engine manufacturers to extend their warranties to include the use of B5 diesel through extensive B5 diesel warranties, enacting legislation to mandate B5 diesel, and promoting commercial biodiesel through
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the Malaysian Palm Oil Board (MPOB);
3. Long Term: Gradually increasing the proportion of processed palm oil in the diesel
blend and facilitating the uptake of biofuels technology by foreign and domestic
companies.
Biodiesel Licenses
The government is now in the second phase of the National Biofuel Policy and has approved 32 biodiesel projects with a combined capacity of 3 million tons during the last
year. In July 2006, however, the Malaysian Industrial Development Authority (Mida)
stopped issuing licenses for new biodiesel manufacturing projects pending a study of
the palm oil downstream industry. This action was a response to growing concerns
that unbridled investor enthusiasm could deprive the food market of palm oil, which
is widely used in cooking, as well as threaten supplies for the industrial sector, or otherwise drive up prices.5 In September 2006, the Plantation Industries and Commodities Ministry warned that companies not completing the construction of their biodiesel
plants within the set timeframe risk the revocation of their licenses, a warning seen as
another attempt to weed out speculators.6
Local Government Involvement
Biofuel hubs are also being established by state governments. In August 2006, the
southernmost Johor state established the 480-hectare Tanjung Langsat Biofuel Park,
which is expected to produce its first biodiesel in September 2007. The hub also includes the Tanjung Langsat Industrial Estate, which has the largest concentration of
palm oil refineries in the world, with a capacity of 7 million tons a year generated by
17 refineries. The biofuels park’s competitive advantages include its proximity to two
ports (Pasir Gudang Port and Tanjung Langsat Port), bulk installation facilities, and
easy access to inputs and materials from both palm oil and petroleum industries.7
Sabah State in West Borneo, Malaysia’s largest palm oil-producing state, has established a biofuels and palm oil processing hub called the Palm Oil Industrial Cluster
(POIC). The hub aims to become a regional bioprocessing center where both local
and foreign biomass and oils are processed into liquid biofuels. It is also seeking to
concentrate R&D efforts in biotechnology and cultivation research in a bid to become a
local knowledge hub. POIC intends to attract investors by investing in necessary infrastructure such as ports and harbors to facilitate the export of liquid biofuels as well as
by improving and expanding existing rail and road transport networks.8
Investment Incentives
Because biodiesel is included in the list of products encouraged by the government under the Promotion of Investments Act of 1986, biodiesel projects are eligible for Pioneer
Status or the Investment Tax Allowance. Pending the fulfillment of specific criteria,
biodiesel projects could also be considered for other incentive programs.9
Cooperation with Indonesia
Together, Malaysia and Indonesia account for 80% of the world’s CPO production. In
July 2006, the two countries announced that they would devote six million tons of
crude palm oil each for biodiesel production, an amount equivalent to 40% of their
individual CPO output.10 This announcement followed an MOU signed in May 2006
to jointly promote their agricultural products abroad.11 With Malaysia fast running
out of land for new palm oil plantations (see below), Indonesia, with its huge tracts of
available land, has emerged as a top choice for overseas expansion.12
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Relations with Brazil
Malaysia has no agreements with Brazil in the area of biofuels or related topics.
C) CURRENT SITUATION
Energy Matrix
Faced with declining oil reserves, Malaysia is redoubling efforts to develop renewable
energy. The Ninth Malaysia Plan (2006-2010) calls for the development of solar and
wind energy, with a special emphasis on biofuels, with the aim of making the country
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a leader in palm oil-based biodiesel.14 It also projects that the share of oil in the energy
supply will fall to 44.7% by 2010 from 48.7% in 2003 as a result of an increase in renewable energy sources.
Chart 6.6a: Malaysia’s Total Energy Supply (2003

Hydro: 0.9%

Gas: 38.6%

Renewables &
Waste: 4.6%
Coal: 7.2%

Oil: 48.7%

Source: IEA15
Biodiesel
Although research into the viability of biodiesel has been underway for decades, commercial production only began once it became clear that a National Biofuel Policy
would come into effect. In early 2005, nine biodiesel plants held licenses and planned
to go on-stream at various stages over the next several years.16 The Plantation Industries and Commodities Ministry has projected that Malaysia will produce 140,000 tons
of biodiesel in 2006, with the possibility of output more than doubling to 300,000 tons
by December 2007.17 It is expected that 20 biodiesel plants, which will utilize 2 million
tons of palm oil in feedstock, will come on-stream by 2007.18
Table 6.6a: Biodiesel Plants in Malaysia in 2005
Company
Loreno Sdn Bhd
Golden Hope/Rubiatech Sdn Bhd
Golden Hope Bioganic
Kumpulan Fima
Carotino
Kulim (M) Bhd/Natoleo
Golden Hope
POIC Sabah

Partner
Italian
MPOB
MPOB
MPOB
CremerOleo GMBH
Ecosolution Co Ltd
(South Korea)

Bio Energy International plc

Capacity/Year
60,000
60,000
30,000
60,000
60,000
100,000
150,000

Value
RM 90 mil
RM 40 mil
RM 10 mil
RM 40 mil
RM 40 mil
RM 100 mil
RM 180 mil

Location
KG Acheh, Lumut
Banting
Banting
Port Klang
Pasir Gudang
Tanjung Lansat
Bintulu

RM 200 mil

The granting of 32 licenses over the last year has led to projections that Malaysia’s
biodiesel capacity will surge to 3 million tons when all plants come on-stream. Even
this increase, however, falls short of the national target of 6 million tons.20 Once the
B5 diesel blend comes into effect, 500,000 tons of diesel will be displaced by the 5%
fully refined liquid palm oil, which will in turn save Malaysia $275 million in foreign
exchange annually. Excess biodiesel is expected to be exported to Europe, particularly
Germany, the world’s largest consumer of biodiesel.21
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There is also the potential of selling carbon credits under the Clean Development
Mechanism (CDM) program.21 There is also potential for selling carbon credits under
the Clean Development Mechanism (CDM) program.22
Palm Oil
Palm oil is Malaysia’s largest agricultural commodity, constituting 70% of the country’s
agricultural sector, and Malaysia is the largest producer of palm oil in the world. The
largest palm oil-producing state is Sabah, which accounts for 30% of the country’s output. Johor state hosts the largest concentration of refineries
Map 6.6a: Palm Oil Distribution in Malaysia

Source: SIRIM Berhad23

In its 2006/2007 Economic Report, the Ministry of Finance has projected a 2006 palm oil
output of 15.6 million tons, a 4.3% increase from 2005, and a further 3.8% growth next
year to hit 16.2 million tons in 2007. The report also projects that Malaysia may export
14.6 million tons of palm oil, a 4.4% increase from 2005.24 The increase reflects growing
demand for Malaysian palm oil as biodiesel is introduced around the world.
While Malaysia is currently the largest CPO producer in the world, it is projected that
Indonesia will surpass it in 2007.25 Malaysia has almost run out of land for new plantations. Land dedicated to palm oil cultivation increased only 3% to 4.2 million hectares
in 2005, a substantial slowing from the previous year’s 4.5% increase. According to the
2006/2007 Economic Report, 90% of the area under cultivation is covered with mature
palms, and yields should start falling in the next few years.26 The Plantation Industries
and Commodities Ministry has urged oil palm plantation owners to raise their palm
oil output by replanting high-yielding clones, but easy access and cheap land prices in
nearby Indonesia have made companies reluctant to adopt the more expensive highyield clones.27
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The intensified focus on the palm oil industry has led that sector, the most heavilytaxed in the country, to advocate reduced taxes on labor, palm oil exports, land, and
mills and refineries. Industry leader Golden Hope Plantations has called for the government to introduce new incentives for plantation companies that venture into the
biodiesel industry as well as reward those with good pollution control policies.29
Obstacles
Although proposed in the National Biofuel Policy, Malaysia has yet to implement a Although it was proposed in the National Biofuel Policy, Malaysia has yet to implement
a mandatory B5 diesel blend (commercially known as Envodiesel). 2007 has been proposed as a possible date when oil retailers would have to start supplying the biofuels
blend. This hesitant approach (also evident in the cutback in biodiesel licenses) is due
to public suspicion as well as reticence from industry stakeholders. The most vocal
opponents have been auto engine manufacturers, who are reluctant to extend their
warranty to cover Envodiesel use. They argue that the 5% biodiesel blend consists of
fully refined liquid palm oil (RLPO) which has never been used in the EU, and that
its effect on auto engine performance is unknown.30 In response, the government has
compromised by commissioning a study into Envodiesel (see below), despite the fact
that 125 vehicles have already successfully completed pilot tests on 109,000 liters of
Envodiesel.31
Lingering concerns about the commercial viability of the product are also slowing
implementation of the National Biofuel Policy. When oil prices finally started to slide
during the summer of 2006, CPO prices dropped 6% over three months as well, causing consternation among biodiesel investors.32 Malaysian biodiesel manufacturers like
Golden Hope tried to assure stakeholders that biodiesel would remain a profitable
venture as long as crude oil prices stayed between $50 and $60 a barrel and CPO stays
between $382 and $409 per ton.33 Plantation Industries and Commodities Minister
also urged stakeholders to take into account that the attractiveness of palm oil-based
biodiesel is not only its price, but also its environmental advantages.34

The private sector companies most active in the Malaysian biofuels industry are the
plantation companies, for whom vertical integration via the biodiesel industry is a logical step. They are led by industry leader Golden Hope Plantations, which has the largest
presence in the local biodiesel industry. The plantation company not only announced
plans for at least four biodiesel plants with a combined annual capacity of 400,000 tons,
which will all come on-stream by 2008, but is also carrying the Malaysian biodiesel flag
overseas. In September 2006, it decided to establish a palm oil estate in Venezuela to
boost smallholder activities in that country by providing downstream expertise and
exporting oil palm seeds, technical know-how, R&D findings, as well as consultancy
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management services. The company also exported its first shipment of biodiesel from
its first complete biodiesel plant in Banting, Selangor to Japan in August 2006.35
The growing importance of biofuels in Malaysia is underlined by the entry into the
market of the country’s largest conglomerates, Genting Berhad and Sime Darby. In addition to its biomass R&D efforts (see below), Genting Berhad also has plans to invest
in the Indonesian biodiesel sector (see country report on Indonesia). Sime Darby is
seeking to expand its oil palm cultivation from the current 90,000 hectares to 200,000
hectares and has announced plans to establish a biodiesel plant in Pasir Gudang with
an annual production capacity of 100,000 tons.36
A key feature of the National Biofuel Policy has been to attract foreign investment, and
a number of foreign-local joint ventures are underway. Kuala Lumpur-based Zurex
Corporation and UK-based Biofutures International PLC have established a 200,000
tons-per-year biodiesel plant in Sabah.37 More recently, six foreign companies have
expressed interest in setting up biodiesel plants in the Tanjung Langsat Biofuel Park.38
E) RESEARCH & DEVELOPMENT
R&D in Malaysia’s biofuels industry is primarily led by the Malaysian Palm Oil Board
(MPOB) and is dominated by palm oil-based R&D. In response to concerns over the
suitability of Envodiesel for vehicles, MPOB and Shell announced a joint study on the
biodiesel blend in October 2006. In particular, the project will examine if palm oil will
clog up a vehicle’s fuel-injection system, a principal concern. The results of this research study are important to the development of the local biodiesel industry because
convincing results should remove remaining doubts and complement Kuala Lumpur’s
efforts to promote its use.39
In another foreign joint venture R&D project, MPOB and the Department of High-Tech
Development and Industrialization of China’s Ministry of Science and Technology have
signed an MOU to explore new biomass and biofuels technologies. An initial study
will establish the scope of cooperation as well as possible joint biofuels R&D projects.
In particular, the bilateral partnership is interested in harnessing ethanol from palmbased biomass.40
Meanwhile, local companies have also been responding to the government’s call for
breakthroughs in biomass technology. In August 2005, the Genting Group unveiled
Malaysia’s first commercially-produced bio-oil, called Genting Bio-Oil, which was produced from solid biomass that is left as waste after edible vegetable oil has been extracted. It is an innovative approach to dealing with the 13 million tons of empty fruit
bunches produced in the country annually.41
F) CONCLUSION
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The most pressing challenge for Malaysia’s biodiesel industry is to convince industry
stakeholders as well as consumers of the viability and effectiveness of biodiesel as a
transportation fuel. However, local consumption will only account for a small part
of the biodiesel industry’s sales. Even when the 5% biodiesel blend is implemented
nationwide, this will only generate demand for 500,000 tons of biodiesel. Malaysia is
expected to have a biodiesel output of 3 million tons in 2008 and 6 million tons in the
longer-term, and the bulk of this is intended for export markets. Malaysia is unlikely
to face a shortage of CPO even as Indonesia emerges as the leading producer. Instead,
Malaysian plantation companies will likely continue to expand their palm oil landholdings in Indonesia. Barring a massive drop in oil prices, Malaysia’s ambition of
becoming a major player in the global biodiesel trade is within reach.
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Source: World Factbook1

A) INTRODUCTION
The push to develop a domestic fuel ethanol industry in Pakistan is relatively new and
a direct consequence of the Pakistani ethanol industry’s loss of tax-free status in the EU
in 2005. With a sudden surplus of ethanol, the sugar industry has been furiously lobbying the government to adopt a mandatory ethanol blend in gasoline to boost ethanol
consumption. While the government appears receptive to the idea, it has thus far adopted a careful and incremental approach, due to opposition from the oil industry.

The latest Pakistani energy policy is the 2005 Energy Security Plan, which seeks to
maximize the utilization of indigenous resources to meet growing energy demand in
an affordable and sustainable manner. It also seeks to have nuclear and renewable
energy sources reach 10% of the energy mix by 2030.2 However, data from Chart 6.7a
shows that apart from hydro energy, other sources of renewable energy, including biofuels, are insignificant
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Chart 6.7a: Pakistan Energy Mix Plan Projections (Percentages)
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Ethanol
The current drive to develop a local fuel ethanol industry is a direct result of Pakistan’s
loss of EU “Drug Country” status, following a complaint by India that the EU had violated WTO obligations by only granting tariff preferences to 12 countries and not other
developing countries under the EU Generalized System of Preferences (GSP) anti-drug
regime.4 The loss of preferential status in July 2005 meant that Pakistan was no longer
allowed to export ethanol duty-free to the EU, a concession that had made the country
the EU’s second-largest ethanol supplier (after Brazil). Ethanol exports from Pakistan
are now subject to the full tariff rate.5
Consequently, ethanol exports to the EU have fallen and are expected to remain at low
levels. The country has reported that the loss of trade led to the closing of two of the
country’s seven operating distilleries and that the future of five new distilleries is now
uncertain.6 The Chairman of the Pakistan Sugar Mills Association (PSMA) has alleged
that the loss of preferential status is due to the “mafia of international importers of
molasses” who are determined to peg the country as only an exporter of raw molasses
and prevent it from expanding its value-added ethanol industry.7
The fuel ethanol drive is led by the PSMA, which has lobbied the government to implement a national policy for the production of ethanol. The list of recommendations it
has submitted includes:8
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1. The implementation of a mandatory 10% ethanol blend with gasoline after consultation with the oil industry, which can be subsequently increased, with minimal
engine changes needed.
2. A blending program with the full support of the government, including the introduction of major incentives to industry stakeholders.
3. The establishment of a target for all automobile companies to produce a fixed percentage of flex-fuel cars by a certain date. The percentage should be incrementally
raised in subsequent years.
4. The Ministry of Food Agriculture and Livestock (MINFAL) should explore other
biofuels feedstocks such as maize, wheat, rice, potatoes and sorghum.
5. The setting of the fuel ethanol price in accordance with the price of molasses in
consultation with industry stakeholders
6. The restriction of molasses exports to ensure the availability of molasses for ethanol
feedstock.
7. The replacement of molasses with sugarcane juice as ethanol feedstock after consumption of fuel ethanol rises significantly.
The main obstacle to the implementation of a nationwide mandatory ethanol blend
with gasoline is opposition from the influential oil industry, which disputes the PSMA’s
assertion that $500 million in foreign exchange will be saved through a 10% ethanol
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blend. The oil industry has also questioned the energy efficiency of ethanol, its environmental benefits vis-à-vis unleaded gasoline, and its effect on engines at higherblend levels.9
Seeking to balance these interests, the government has so far adopted a cautious approach, although it has included legislation to promote a 5% ethanol blend in the 2005
Energy Security Plan.10 In August 2006, Prime Minister Shaukat Aziz launched a pilot
project in which 25 selected vehicles in the cities of Islamabad, Lahore, and Karachi
using E10 gasoline would be monitored by the Hydrocarbon Institute and Pakistan
State Oil Company (PSO).11 IIn addition E10 gasoline would be made available at a few
selected pumps in those cities. In response to this government initiative, the PSMA has
suggested that the government make E10 gasoline available at all PSO gas stations.12
Biodiesel
There are currently no policies or legislation on the utilization of biodiesel in Pakistan.
Relations with Brazil
Following the visit of President Pervez Musharraf to Brazil in November 2004, trade
relations between the countries have become closer. According to the Ministry of Foreign Trade, state-owned Pakistan Petroleum Limited (PPL) and Brazil’s Petrobras will
establish a joint venture to explore oil and gas on the Pakistani coast. Pakistan is also
interested in establishing partnerships with Brazil in fuel ethanol technology.13
C) CURRENT SITUATION
Pakistan is a net importer of energy, and imported $3.1 billion worth of petroleum
products in 2005.14 In an effort to reduce its imports, the country has adopted a demand suppression policy, which has affected industry and impeded economic growth.15
There has been a national drive to increase the consumption of natural gas as an energy
source, as Pakistan is self-sufficient in that fossil fuel.16
Chart 6.7b: Share of Total Primary Energy Supply in 2003

Coal: 4.8%
Oil: 22.0%
Renewables &
Waste: 37.3%

Hydro: 3.3%

Gas: 32.0%

Source: International Energy Agency17

Ethanol
Pakistan is a net exporter of ethanol. There are currently 21 ethanol plants in Pakistan,
of which 14 were operational at the end of 2005.18 In 2004/2005, the country had an
ethanol capacity of 400,000 metric tons. Local consumption of ethanol accounted for
just 2,000 metric tons, with 80,000 tons going to export markets,19 half to the European Union.20 According to projections from the PSMA, Pakistan’s ethanol capacity
will double from 531 million liters (approximately 400,000 metric tons) to 1 billion liters
(approximately 800,000 metric tons) when new ethanol plants come online in 2007.21
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According to Chaudhary Zaka Ashraf, PSMA’s chairman, Pakistan’s sugar industry
will eventually have the capacity to produce more than 3 million tons of ethanol annually.22
Table 6.7a: Potential Annual Ethanol Requirements
Percent Blend
10%
20%

Ethanol Requirement (Metric Tons)
160,000
320,000

Forex Savings
$500 million
N.A.

Source: Ministry of Industries24
Ethanol in Pakistan is produced primarily from molasses, as sugarcane is one of Pakistan’s major agricultural crops. According to the Ministry of Industries, between 1994
and 2004, the country produced 1.3 million metric tons of molasses annually with the
bulk going to export markets.25 It is apparent from Tables 7.6b and 7.6c that the country has the capacity to ramp up ethanol production if it cuts back on sugar and molasses exports.
Table 6.7b: Export of Molasses
Year
2000-01
2001-02
2002-03
2003-04
2004-05

Quantity
(Metric Tons)
1,190,012
1,607,380
1,272,630
1,457,283
1,151,431

Source: PSMA26

Table 6.7c: Sugarcane Plantation Area, Production, Yield and Utilization of Sugarcane by Sugar Mills
Year
2000-01
2001-02
2002-03
2003-04
2004-05

Area
(Hectares)
960,000
999,700
1,099,700
1,074,700
966,600

Production
(Metric Tons)
43,620,000
48,041,000
52,049,000
53,800,000
43,533,000

Yield Per
Hectare
45.41
48.06
47.33
50.00
45.04

Utilization %
by Sugar Mills
67.47
76.33
80.28
81.19
73.74

Source: PSMA27

Biodiesel
Pakistan currently has no plans to promote biodiesel production, despite the fact that
75% of the country’s vehicles run on diesel and domestic supply is only able to meet
38% of demand, resulting in annual diesel imports of 4.5 million metric tons.28 In fact,
the Alternative Energy Development Board only began the process of establishing its
first biodiesel pilot plant, which will have a daily capacity of 600 liters, in December
2005.29
D) PRIVATE SECTOR
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As is typical in nascent ethanol industries, the sugar companies are the most active
private sector investors. In the last year, the sugar industry has initiated almost ten
ethanol plants with the expectation that a mandatory ethanol gasoline blend would
soon be imposed by the government.30 The largest ethanol plant, with a daily capacity
of 165,000 liters, is run by Al-Abbas Sugar Mills, which exports 95% of its output.31 The
next largest ethanol plant, with a daily capacity of 160,000 liters, is run by Shakarganj
Mills Limited, which exports 90% of its total production.32
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E) RESEARCH & DEVELOPMENT
To facilitate efforts to develop alternative forms of energy, the government established
the Alternative Energy Development Board (AEDB) in 2003. The organization was
subsequently granted autonomous status in April 2005 through a presidential ordinance. While efforts have been concentrated on solar and wind energy, the AEDB has
also joined up with the private sector to conduct R&D in biodiesel and fuel cell technology. It was instrumental in facilitating the establishment of the country’s first biodiesel
production plant.33
Under the Prime Minister’s directive, the Hydrocarbon Development Institute of Pakistan (HDIP) carried out a feasibility study on E10. The successful results led to government approval of pilot projects for the E10 blend in Islamabad, Lahore, and Karachi in
August 2006.34
F) CONCLUSION
The verdict is still out on whether Pakistan’s transport industry will embrace ethanol,
especially given that relatively little gasoline is consumed in the country. Pakistan is
also seeking other means to reduce its dependence on imported oil by promoting the
use of natural gas vehicles.35 In May 2006, the Hydrocarbon Development Institute of
Pakistan announced that the country had become one of only three countries (the other
two being Brazil and Argentina) to possess more than one million natural gas vehicles,
having achieved the feat of replacing 15% of its vehicles with CNG cars and constructing 930 CNG stations in under two years.36 While this may detract from resources and
consumers intended for biofuels, it shows that Pakistan is capable of the strong commitment needed for an alternative energy program.
Endnotes
“Pakistan,” CIA World Factbook, 10 Oct. 2006 < https://www.cia.gov/cia/publications/factbook/
geos/pk.html >.
2
Planning Commission, “Energy Security Plan: Presentation to the Honourable President and
Prime Minister Islamic Republic of Pakistan,” (Islamabad: Planning Commission), 37.
3
Ibid, 41.
4
Karin Bendz, “EU-25 Agricultural Situation: Pakistan, EU’s Second Largest Ethanol Exporter,
Loses Privileged Status,” USDA GAIN Report E35187, 27 Sept. 2005, 2.
5
Javed Kayani, “Ethanol and Flex-Fuel Vehicels,” Dawn 16 Jan. 2006, 12 Nov 2006 <http://www.
dawn.com/2006/01/16/ebr12.htm>.
6
Karin Bendz, 3.
7
“Europe Imposes Duty on Pak Ethanol Export,” Jang International News 27 July 2005, 12 Nov
2006 <http://www.jang.com.pk/thenews/jul2005-daily/27-07-2005/business/b16.htm>.
8
Ministry of Industries, Production & Special Initiatives, Formulation of a National Policy to
Encourage the Local Production of Ethanol/Gasol in Pakistan, 22 Mar. 2006, 12 Nov. 2006 <http://
www.pakistan.gov.pk/ministries/ContentInfo.jsp?MinID=13&cPath=142_426&ContentID=2596>.
9
Aamir Shafaat Khan, “Oil Industry Reluctant to Lend Support: Ethanol Blending with Petrol,”
Dawn 20 Sept. 2006, 12 Nov. 2006 <http://www.dawn.com/2005/09/21/ebr2.htm>.
10
Planning Commission, 80.
11
Sharafat Kazmi, “No-Confidence Move Reflects Opposition’s Frustration: PM,” Pakistan Observer 17 Aug. 2006, 12 Nov. 2006 < http://pakobserver.net/200608/17/news/topstories03.asp>.
12
PSMA Press Release, Wednesday October 11 2006, 11 Oct. 2006, 12 Nov. 2006 <http://www.
psmaonline.com/psma/prelease/prelease1.aspx?xyz=158>.
13
Alexandre Rocha, “Pakistan Wants Fuel Partnership,” Brazil Magazine 21 Apr. 2005, 12 Nov.
2006 <http://www.brazzilmag.com/content/view/2132/>.
14
Ministry of Industries, Production & Special Initiatives.
15
Planning Commission, 6.
16
“Pakistan Getting Rid of Oil, Chooses CNG Cars,” Biopact 14 May 2006, 12 Nov. 2006 <http://
biopact.com/2006/05/pakistan-getting-rid-of-oil-chooses.html>.
17
“Pakistan: Share of Total Primary Energy Supply in 2003,” IEA Statistics, 12 Nov. 2006 <http://
www.iea.org/Textbase/stats/noncountryresults.asp?nonoecd=Pakistan&SubmitC=Submit>.

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

1

421

6.7 PAKISTAN
F.O. Licht, World Ethanol Markets: The Outlook to 2015, (Kent: F.O. Licht, 2006), 126.
Ministry of Industries, Production & Special Initiatives.
20
Karin Bendz, 2.
21
Ministry of Industries, Production & Special Initiatives.
22
Aamir Shafaat Khan, “Oil Industry Reluctant to Lend Support: Ethanol Blending with Petrol”.
23
PSMA Press Release.
24
Aamir Shafaat Khan, “Oil Industry Reluctant to Lend Support: Ethanol Blending with Petrol”.
25
Ministry of Industries, Production & Special Initiatives.
26
Ibid.
27
PSMA (Pakistan Sugar Millers Association), PSMA Annual Report 2005, (Islamabad: PSMA,
2005), 44.
28
Ibid, 40.
29
Aamar Shafaat Khan, “Oil Industry Reluctant to Lend Support: Ethanol Blending with Petrol”.
30
Muhammad Badar Alam, “Renewed Spirit,” The News on Sunday 18 Dec. 2005, 12 Nov. 2006 <
http://www.jang.com.pk/thenews/dec2005-weekly/nos-18-12-2005/dia.htm>.
31
PSMA Annual Report 2005, 12.
32
Al-Abbas Sugar Mills Website, “Distillery,” 12 Nov. 2006 <http://www.alabbassugar.com/default_files/page0004.htm>.
33
Shakarganj Mills Website, “Ethanol & Alternate Energy Division,” 12 Nov. 2006 <http://www.
shakarganj.com.pk/site/main/ethanolAndAlternateEnergyDivision.asp>.
34
Muhammad Badar Alam, “Renewed Spirit”.
35
HDIP, “Special Assignment: Ethanol Blending with Gasoline,” HDIP, 12 Nov. 2006 <http://www.
hdip.com.pk/index.php?id=8>.
36
“Pakistan Getting Rid of Oil, Chooses CNG Cars,” Biopact.
37
“Pakistan Hits One-Million Natural Gas Vehicle Mark,” Green Car Congress 13 May 2006, 12
Nov. 2006 <http://www.greencarcongress.com/2006/05/pakistan_hits_o.html>.
18
19

Prepared by Garten Rothkopf

422

A Blueprint for Green Energy in the Americas

6.8 PHILIPPINES
A) INTRODUCTION
As an archipelagic country with
more than 7,000 islands, the Philippines is host to a wealth of natural
resources. With its abundance of agricultural commodities such as sugar, rice, and coconut, all of which are
feedstocks for ethanol and biodiesel
production, the country has the potential to become a major exporter,
especially in the field of coco-based
biodiesel. The flourishing of the
biofuels industry in the Philippines
is a strong possibility, given the support of the government, one of the
few in Asia to not only implement a
National Biofuels Program but also
back it up with clear-cut legislation.
B) GOVERNMENT POLICY
In 2003, the Department of Energy
released a Renewable Energy Policy
Framework, which set the target of
increasing the Philippines’ renewable energy-based capacity 100%
by 2012.2 This is to be achieved by
promoting more private sector participation through special incentives
offered by the Board of Investments
(see below). While much of the focus
was on geothermal energy, in which
the Philippines has ambitions to become the world’s leader, and wind
energy, of which the country hopes
to become Southeast Asia’s largest
producer, efforts were also made to
1
Source: World Factbook
raise the contribution of biomass, solar, and ocean energy from virtually
nothing in 2002 to 131 MW by 2013.3 With this framework as a base, the Philippines
government has since carved out biofuels specific legislation.
Table 6.8a: Renewable Energy Policy Framework 10 Year-Targets (MW)
Target Additional
Capacity
1,200
2,950
417
131
4,698

2013
3,131
5,468
417
131
9,147

Source: Philippines Department of Energy

The Renewable Energy Policy Framework is part of the country’s 5-Point Energy Independence Agenda4 which calls for:
- The accelerated development and use of indigenous energy resources such as coal,
gas and oil;
- The promotion and increased use of alternative fuels;
- The aggressive promotion, development and use of renewable energy resources;
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Geothermal
Hydro
Wind
Solar, Biomass, Ocean
TOTAL

2002
1,931
2,518
0
0
4,449
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-

Strategic alliances with other countries; and
Stronger implementation of energy conservation and efficiency measures.

Ethanol Policies
In September 2004, ethanol was included as part of the Department of Energy’s Agenda Towards Energy Independence. Next, in November and December 2004, senior
officials, including President Gloria Macapagal, consulted with foreign government
officials as well as local and foreign experts on the feasibility of a national ethanol
program. Finally, following extensive consultation with the Philippine Fuel Ethanol
Alliance5, the National Ethanol Program was launched in May 2005.6
Biodiesel Policies
Although a number of different feedstocks are used to produce biodiesel in the Philippines, coco-based biodiesel, or Coco Methyl Ester (CME), is the main product. In May
2003, the government published a guideline (PNS 2020:2003) setting national standards
for CME. In February 2004, it released Memorandum Circular No.55 directing all government departments to use the 1% CME biodiesel blend in their vehicles. This was
followed by Department Circulars (No. 2004-04-003 and No. 2005-04-003) that promoted the use of CME as an alternative energy. The government also sponsored studies
which found that there was an average increase of 1.5 kilometer fuel mileage per liter
of 1% CME-biodiesel blend.7
Biofuels Legislation
The Biofuels Act (House Bill 4269) was approved in September 2005 by the House of
Representatives and seeks to replace 10% of national gasoline consumption with ethanol and biodiesel within the next four years8. The bill stipulates that the minimum ethanol blend will be set at 5% for the first two years, with an option to increase to 10% in
the next two years. It also mandates the creation of a National Biofuel Board to review
and impose minimum biofuels blends. It also states that there will be no reduction in
minimum biofuels blends within seven years of the initial fuel blends mandate.9
The Biofuels Act (Senate Bill 2226) was approved in September 2006. It affirmed the
House Bill’s stipulation of a 5% ethanol blend, while mandating a 1% CME blend10,
which would be raised to 2% two years after the legislation goes into effect. A number
of disputes slowed passage of the legislation. First, there were differences over the size
of tax breaks to be granted to biofuel producers. Second, there were doubts over the
competitiveness of CME against diesel. Third, there were concerns over the security
of supply for feedstocks such as sugarcane, which is dependent on the quality of harvests.11 Finally, the influential Chamber of Automotive Manufacturers of the Philippines (CAMPI) stated that biofuels would be incompatible with 40% of vehicles in the
country because of their carburetors.12
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Investment Incentives
To encourage private sector investment, the National Biofuels Act legislation included
financial incentives such as a zero rating on value-added tax and duty-added tax, income tax holidays, and a low 1% duty on imports of renewable energy equipment and
input for 10 years. It was also stipulated that biofuels would not be taxed higher than
petroleum fuels.13 In addition, government financial institutions were directed to provide priority assistance to biofuels investments. This meant that financing for projects
to grow biofuels feedstock were given priority at the Land Bank of the Philippines, the
Development Bank of the Philippines as well as the Quedan and Rural Credit Guarantee Corporation. The Development Bank of Philippines also committed $900 million
in loans to encourage the development of the Filipino ethanol sector.14 To complement
the above measures, private sector investors could also take advantage of the Board
of Investment’s Priority Incentives which created an income tax holiday for the first
four to six years and additional reductions for local labor expenses and infrastructure
investments as well as the employment of foreign nationals for pioneering projects in
renewable energy.15
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Relations with Brazil
The Philippines imported 3,587 metric tons of ethanol from Brazil in 2005.16
C) CURRENT SITUATION
The Philippines possess abundant renewable resources. In 2000, the Department of
Agriculture and the Department of Environment and Natural Resources estimated that
aggregate biomass supply potential in the country was approximately 253.8 million
barrels of fuel oil equivalent (MMBFOE) and projected to grow to 301.5 MMBFOE by
2008, with fuelwood, bagasse, coconut residues, ricehull, and animal waste having the
highest biomass potential.17
Chart 6.8a: Philippines Energy Power Matrix (2005)
Biomass, Solar, & Wind:
31%

Geothermal: 7%
Hydro: 6%
Natural Gas: 6%
Imp. Coal: 8%
L. Coal: 3%
L. Oil: 2%

Imp. Oil: 37%

Source: Philippines Department of Energy18

Ethanol
The Philippines is a net importer of ethanol, a status it is hoping to change with the
launch of the National Ethanol Program as well as the supporting legislation from
the National Biofuels Act. In 2005, it imported 37 million liters of ethanol, primarily
from China, Thailand, India, Brazil, and Australia.19 Three ethanol plants run by the
National Development Corp. in Negros Oriental are operational and have a combined
annual production capacity of 110 million liters.20 The feedstock of choice in the Philippines is sugar (the country is a net exporter). The government has plans to set up 10
ethanol plants with a combined daily capacity of one million liters (or a combined annual capacity of 365 million liters) to be supported by the creation of 12 new sugarcane
plantations.21
Table 6.8b: Potential Annual Ethanol Requirements
Percent Blend
5%
10%

Ethanol Requirement
(Million Liters)
236
536

E10, or a 10% blend of ethanol with gasoline, is currently available in 27 Seaoil and four
Flying V fueling stations in Manila and two nearby provinces. The sale of the blend is
expected to be increased soon to more than 400 stations by these retailers as well as two
of their competitors, Unioil and USA88.23
Biodiesel
The Department of Energy has accredited three CME manufacturers, Senbel Fine
Chemical Co., Chemrez Inc., and RI Chemicals. Together, they have a combined production capacity of 110 million liters of CME annually, which is more than sufficient
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to meet demand when the 1% mandatory CME biodiesel blend is implemented.24 Two
other CME plants, Romtron CME Plant and Atson Coco Inc, with a daily capacity of
1,000 and 600,000 liters respectively, are awaiting accreditation.25 CME is currently sold
by 192 gas stations run by Flying V and Seaoil as well as 110 retailers and distributors
under Senbel and Chemrez.26 There are plans to export excess CME, and the US, Australia, China, Japan, and Germany have already expressed interest.27
Table 6.8c: Projected Annual Demand for Coco-Biodiesel
Petrol Diesel Demand: 700m liters
Biodiesel Blend
Biodiesel Demand
1%
70m liters
2%
140m liters
3%
210m liters
4%
280m liters
5%
350m liters
Source: Philippines Department of Energy28

Production/Supply Infrastructure
The Philippines archipelagic structure creates some supply complications. The sugarcane production areas are largely concentrated in the Visayas (in particular the provinces of Negros Occidental and Panay) and Mindanao (in particular the provinces of
North Cotabato and Bukidnon), while the majority of consumers are concentrated in
major cities like Manila, Calabarzon, and Cebu. Ethanol cannot be delivered through
pipelines from distilleries in the Visayas and Mindanao and require expensive transportation through a combination of ships and trucks.29
D) PRIVATE SECTOR
In December 2005, Ford Philippines committed to investing $20 million in a flex-fuel
engine plant in Rosa, Laguna. The investment followed Ford Asia-Pacific’s decision
to make the Philippines its ASEAN Center of Excellence for Flexible Fuel Technology.
The technology is now commercially available in the country, and the first flex-fuel
vehicle model was launched in April 2006.30
Meanwhile, UK-based biodiesel producer D1 Oils Plc has established a series of model
farms across the Philippines. It regards the country as a major production center for
jatropha-based biodiesel and a potential hub for coordinating planting and refining
activities across Southeast Asia, together with both government and commercial partners.31 D1 Oils Asia-Pacific has even teamed up with local mining and resource company Atlas Consolidated Mining and Development Corporation to rehabilitate land
previously degraded by mining through bioremediation by using jatropha to replace
lost nutrients. The ultimate goal is to plant jatropha on 7,000 hectares of degraded land
to produce biodiesel for the power generation of off-grid mining facilities.32
Another UK biomass specialist company, Bronzeoak Ltd, has established a joint venture, San Carlos Bioenergy, with the National Development Company to produce fuel
grade ethanol from sugarcane juice.33 The company has a plant scheduled to go onstream in early January 2007 that is located in San Carlos, Negros Occidental, just 2.5
kilometers from a port.34
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Local companies are also making significant forays into the biofuels sector. In May
2006, Chemrez Inc opened Asia’s largest coco-biodiesel plant in Libis, with the capacity
to produce 60 million liters of coco-biodiesel annually. According to experts, adding
one liter of coco-biodiesel to every 100 liters of biodiesel will guarantee savings of $20
in fuel consumption and vehicle maintenance monthly.35 Chemrez is already exporting
biodiesel to Japan and Germany, and is currently in negotiations to expand its export
markets to include the US, Australia, and China. It is also interested in exporting to
European markets including France, Italy, and the Netherlands.
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E) RESEARCH & DEVELOPMENT
The public sector’s R&D efforts in renewable energy are led by the Energy Research
and Development Division (ERDD) of the state-owned Philippine National Oil Co
– Energy Development Corp (PNOC-EDC),36 which supports the identification and exploration of indigenous energy sources such as wind energy and biomass. PNOC-EDC
is conducting an experiment in Negros Oriental, where it has planted three varieties of
jatropha in a bid to discover which would possess the maximum oil yield and allow the
company to produce a minimum of five liters per hectare. Once results are confirmed,
PNOC-EDC will build its own jatropha refinery in Negros Oriental, where 18,000 hectares have been identified by the government as possible planting areas for jatropha.37
The Sugar Regulatory Administration (SRA) is currently developing a sweet sorghum
hybrid called SSH 104, which can be easily converted into ethanol and then combined
with gasoline to be used as gasohol. According to William Dar of the India-based International Crops Research Institute for the Semi-Arid Tropics, the Philippines should
cultivate sweet sorghum as an ethanol feedstock because it matures in just four months,
compared to 12 to 16 months for sugarcane, and thus only requires one-fifth the water.
If successfully developed, the SSH 104 would also better tolerate drought, water logging, and high soil salinity.38
The academic community is also participating in the national biodiesel R&D effort.
The Department of Agriculture has asked state universities and colleges in the Eastern
Visayas region to allocate at least 50 hectares of their land for the cultivation of jatropha
seedlings.39 The University of Eastern Philippines has assumed the lead in the development of jatropha, while Leyte State University has set up a two-hectare jatropha plant.
F) CONCLUSION
While it is clear that the Philippines has strong potential in becoming a regional and
even global leader in biofuels, particularly in the biodiesel market, well-laid plans may
still be derailed by a number of factors. In particular, the feedstocks of choice in the
country are all food sources, which are not only affected by capricious harvests, but
may also face a future conflict if high demand for biofuels drive the prices of these
commodities up, and thus affect the food supply to the country’s growing population.
There are also concerns that the country is not ramping up ethanol production quickly
enough to meet the increased demand expected when the mandatory 5% ethanol blend
comes into effect. According to Representative Juan Miguel F. Zubiri, a key proponent
of the House Biofuels Bill, the Philippines needs to build at least 25 ethanol plants,
much more than the government’s proposed 10, in order to avoid having to import fuel
ethanol.40 If so, the Philippines will remain a net importer of ethanol for a few more
years yet.
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6.9 THAILAND
A) INTRODUCTION
With Thailand’s energy demand
growth outpacing its GDP growth,
the country has become increasingly
reliant on imported energy, and energy security has become a pressing
concern. With its rich agricultural
tradition, Thailand has an abundance of crops that can be used as
possible feedstock for biofuels production, and recent crop surpluses
could easily be redirected to the
biofuels manufacturing industries.
This agricultural bounty, together
with recent high oil prices and hopes
that biofuels production will boost
agricultural commodity prices and
farming incomes, has galvanized the
Thai government to implement programs that are now driving the local biofuels industries. The biofuels
program has added prestige and importance in the kingdom because it
was initiated by the highly-revered
King Bhumipol as part of his drive
to encourage rural development in
the 1980s via the Royal Chitralada
Projects.
B) GOVERNMENT POLICIES
Thailand’s renewable energy policy
is overseen by the Department of
Alternative Energy Development
(DEDE), which was established in
2002 by the Government AdminisSource: World Factbook1
trative Act 2545 under the Ministry
of Energy (MOE) with a mandate to
promote R&D as well as the use of
alternative energy.2 The MOE has established a target of achieving 10% alternative energy usage by 2011.3

The NEC has set an ethanol consumption goal of one million liters/day by mandating
the use of gasohol 95. In 2011, a compulsory 10% ethanol blend will be implemented,
which will raise the ethanol consumption goal to two million liters/day. This translates
to a jump in annual domestic consumption from 365 million liters in 2006 to 730 million
liters in 2011.5 There are also plans to increase ethanol consumption to three million
liters of ethanol/day by further MTBE replacement in gasoline 95.
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Ethanol
Thailand’s ethanol policy is run by the National Ethanol Committee (NEC). In August
2003, the country began mandating a 5% ethanol blend (known as gasohol 95) in five
states. To promote its use, the government instituted a tax exemption, and the price of
gasohol 95 was fixed below that of gasoline. Initial consumer reaction was encouraging, and the number of stations offering gasohol was expanded from just 730 to 4,000 in
2005, with consumption of gasohol 95 rising to four million liters daily.4
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Diagram 6.9a: Gasohol Strategic Roadmap
2005

2006

2007

E10
Gasohol 95

2008

2009

2010

2011

E10
Mandated

E10
Gasohol 95 and Gasohol 91

Gasohol 95
Mandated

E20
Introduced

2012

Gasohol 91
Mandated

Source: Committee of Renewable Energy6

Biodiesel
When oil prices jumped in January 2004, the Thai government attempted to stabilize
diesel prices by providing subsidies from the Oil Fund. This approach was discontinued in July 20057 when the fund ran a deficit of $2.5 billion. Floating the diesel price
gave a breath of new life to the diesel and biodiesel manufacturing industries. In addition, the exemption of biodiesel from the 0.5 baht/liter ($0.014/liter) oil tax for biodiesel
ensures that its price remains below that of diesel and thus competitive.
To organize the industry, the Committee of Promoting Biodiesel Production and Consumption was established. It comprises the Ministry of Energy, the Ministry of Agriculture and Cooperatives, the Ministry of Industry, the Ministry of Public Health, and
the Ministry of Natural Resources and Environment.8 A budget of $32.5 million was
also approved to promote biodiesel development between 2005 and 2012. To achieve
a final target of producing 8.5 million liters of biodiesel by 2012, the government plans
to implement a 5% blend of biodiesel in Bangkok, followed by the southern provinces
and finally the rest of the country.
Table 6.9a: Projected Biodiesel Capacity in Thailand (2007 – 2012)
Biodiesel Plants
Biodiesel Capacity
(ML/day)

2007
3
0.36

2008
4
0.46

2009
7
0.76

2010
17
1.76

2011
39
3.96

2012
85
8.50

Source: Committee of Renewable Energy9

To meet the expected demand of 8.5 million liters, Thailand must produce 4.8 million
liters/day of biodiesel from 640,000 hectares of oil palm, import an additional 1.2 million liters/day from 160,000 hectares of land in neighboring countries, as well as rely
on 2.5 million liters/day produced from jatropha. These targets are also supported by
incentives in the national budget, which allocates $35 million to promote research on
oil palm and jatropha as well as develop biodiesel standards, testing, and demonstrations. Another $21.4 million has been set aside to guarantee the seed supply of oil palm
and jatropha.
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Local Government Involvement
Efforts are being made to encourage biodiesel production at the community level in
Thailand. In June 2005, a pilot project was initiated in the northern province of Chiang
Mai where a 2% biodisel blend (B2) was used in a test group of 1,000 public passenger
pick-ups running in the city. The plan has been well received by Chiang Mai consumers, particularly after engine performance and emission tests were carried out prior to
and after biodiesel use. Oil companies participating in the project, including PTT, plan
to set up more B2 service stations in the city.10
The Ministry of Energy has cited the Chiang Mai pilot project as an example for the rest
of the country and plans to spread biodiesel production and usage to 70 communities.
This expansion would build a rural production capacity of between 7,000 and 21,000
liters/day to replace up to 2 million liters/year of fossil diesel in the agricultural sector
by 2012.11 So far, Bangkok, Nakorn Ratchasrima, Chon Buri, Samut Prakarn, Nonthaburi, Konkan, Udon Thani, Chiang Rai, Ubon Ratchathani, and Nakorn Srithamarat
have adopted similar programs. The Ministry has also described the rural approach as
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an attractive investment niche for local and foreign private investors.12
Investment Incentives
Thailand’s Board of Investment (BOI) has accorded the biofuels industry duty-free import status as well as an eight-year income tax exemption. In addition, the country’s
southern provinces have been designated a BOI Special Investment Zone, with $50
million budgeted for palm oil cultivation in those areas.13
Relations with Brazil
In September 2004, Brazil and Thailand signed a memorandum of understanding to
exchange biofuels information and expertise. This included the export of 300,000 liters
of Brazilian ethanol to Thailand. Thailand’s Ministry of Energy is eager to emulate
Brazil’s ethanol success story, particularly with regard to moving up the value chain of
agro-energy exports. In return, Brazil sees Thailand as a gateway for exports to Asia,
including China, South Korea, and ASEAN.14
C) CURRENT SITUATION
Energy Matrix
With its economy growing at an average 5% per year, Thailand’s 291 million barrels of
proven oil reserves15 are insufficient to meet demand, and the country depends heavily
on imported energy. In 2003, energy consumption in Thailand accounted for 15% of
GDP,16 and the value of energy consumption is expected to increase from $21.3 billion
in 2003 to $57.4 billion in 2017. As with most countries, Thailand’s primary energy supply is derived from fossil fuels like oil, natural gas, and coal, but it has a higher than
average reliance (17.3% in 2003) on energy derived from renewables and wastes (see
charts 6.9a and 6.9b). In 2003, the Thai government unveiled a competitiveness strategy
that seeks to reduce energy elasticity from 1.4:1 in 2003 to 1:1 by 2007.17 As the transportation sector accounts for 37% of energy consumption, efforts to promote biofuels
consumption as well as the use of fuel-efficient vehicles are strongly encouraged.
Chart 6.9a: Thailand’s Total Primary Energy Supply (2003)
Renewables &
Waste: 17.3%
Gas: 26.3%
Coal: 10.6%

Oil: 45.9%

Ethanol
In 2005, Thailand produced 300 million liters of ethanol, of which 60 million liters were
fuel ethanol.19 At the end of 2005, six private sector ethanol plants had gone on-stream
with a combined production capacity of 1.1 million liters per day.20 Altogether, 24 ethanol plants with a total capacity of 4.2 million liters/day were scheduled to go on-stream
by the end of 2006.
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Table 6.9b: Current Ethanol
Production
Table 6.9b:
Current Capacity
Ethanol Production Capacity

Source: DEDE21

In Thailand, sugarcane and cassava are the main feedstock for ethanol. Sugarcane is
grown mainly in the northeastern and central provinces of the country and is usually
planted before or after the rainy season with the sugarcane harvest season lasting for
four to five months a year. All sugarcane produced is then supplied to the country’s
46 sugar factories through contract farming arrangements.22 In 2004-2005, the country
had a sugarcane production capacity of 75 million tons, producing 3.75 million tons of
molasses, a by-product that is a popular ethanol feedstock in Thailand.23 Approximately 50% of molasses is used in local industries such as food, feed, and ethanol distilleries, with the remaining 50% destined for export markets. According to the Cassava
Information Network, this excess molasses could be used as feedstock for producing
up to one million liters of ethanol daily. In addition, local industries only consume 2
million tons of Thailand’s annual sugar production capacity of 7.3 million tons, making
Thailand the second-largest exporter of sugar in the world. This excess, too, could be
diverted to the ethanol industry, especially since sugar has a higher sucrose-content
than molasses.
Thailand is also the world’s largest producer of cassava, a starchy crop that is another
common ethanol feedstock. It is able to thrive on relatively infertile land where other
crops cannot. In Thailand, the crop is cultivated on 1.1 million hectares of land with an
annual root productivity of 18 to 20 million tons of fresh roots. Recognizing the commercial potential of cassava, Thailand has developed new cassava varieties with higher
starch yield, boosting the production efficiency of cassava roots to 23 tons per hectare.
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As with the sugar industry, the local starch industry only requires 8 million tons of
fresh roots, leaving 8 million tons to be processed into chips and pellets for export
markets, with the remaining 4 million tons going to the local food industry. According
to the Cassava Information Network, the 12 million tons of fresh roots not used for the
starch industry should be allocated to the ethanol industry, where it will be sufficient
to guarantee 2 million liters of ethanol daily at 85% production efficiency.24 Biotechnology advances including the development of starch-degrading enzymes may further
boost production.
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Chart 6.9c shows projections from the Thai Parliament’s Committee for Renewable Energy for Thailand’s ethanol production through 2012, after taking into consideration
the additional capacity that can be added when excess sugarcane and cassava is turned
into ethanol.
Chart 6.9c: Projected Ethanol Production in Thailand (2004-2012)
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Because Thailand is projected to have an annual ethanol demand of just 365 liters in
2006 with a mandatory 5% blend and 730 million liters with a mandatory 10% blend,26
the country could become a major exporter of ethanol in the coming years
Chart 6.9d: Projected Demand and Supply of Ethanol in Thailand (2004 – 2012)
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Biodiesel
Biodiesel production in Thailand began locally in the early 1980s when farmers in the
southern provinces experimented with homemade oils in their pickup trucks and farm
equipment.28 The government only became involved in 2005 when it grew concerned
that 46% of the 100 million liters of foreign oil imported each year was diesel.29 The
abolition of diesel subsidies prompted the local industry to become more organized,
and biodiesel production began to break out of the laboratory scale.
Biodiesel in Thailand is mainly produced from palm oil, physic nut, and coconut oil. In
2005, Thailand produced 4 million tons of palm which yielded 81,000 tons of palm oil
every month. Because local palm oil production only required 68,000 tons per month,
the country had an annual surplus of 150,000 tons of palm oil. The surplus could be
dedicated to biodiesel manufacturing; current biodiesel production is only 350,000 liters/day.
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Biodiesel is currently sold at 35 gas stations owned by PTT and Bangchak Petroleum
Public Company (BCP), with a combined sales volume of 113,000 liters/day. Both companies have plans to extend their biodiesel retail operations to 200 stations by the end
of 2006.30
Infrastructure of Production/Supply Chain
With the national biofuels initiative still in its early stages, no thorough study has been
conducted on the state of the Thai biofuels industry’s supply chain infrastructure. It
is known that the government is seeking to increase palm oil plantation land from the
current 160,000 hectares to 640,000 hectares by 2009, primarily in the southern and eastern regions of the country, where the climate is suitable and rural farming communities
are large.31 Biodiesel plants have been planned near plantation grounds and ethanol
plants near sugar factories in order to facilitate transportation.
The Thai government has also taken steps to develop a support structure for the farming community as part of its strategy of targeting rural areas in the national biofuels
effort through the creation of a Special Purpose Vehicle (SPV).32 This new financial
mechanism is intended to assist farmers in management, marketing, and finance. It
will also provide production assistance to farmers and facilitate the local and foreign
distribution of their products. The SPV will also offer farmers credit through securitization or by securing loans from financial institutions.
D) PRIVATE SECTOR
Private sector investment received a boost from the October 2006 agreement between
the Export-Import Bank of Thailand (EXIM Bank) and Japan’s Bank for International
Cooperation to support Thai private sector investment in biodiesel and ethanol production in the Greater Mekong Sub-region (GMS), which includes Thailand, southern China, Myanmar, Cambodia, and Vietnam. In particular, the two banks hope to
support projects which produce biofuels from cassava and sugarcane.33 It would also
help the GMS countries capitalize on the comparative advantages of their neighbors.
Thailand, for example, lacks cheap labor and large tracts of land to cultivate crops that
can be used as biofuels feedstock (which Laos and Myanmar have in abundance) but
possesses the needed technology and expertise. However, loans are restricted to largescale operations and will only be extended to those companies or investors that propose to cultivate at least 400 acres of land with a minimum 50-year lease commitment.
State-owned oil and gas company PTT is the main player in Thailand’s biodiesel industry. With a current biodiesel production capacity of 600,000 liters/day, PTT is engaged in
three palm-oil based biodiesel joint ventures with private-sector companies that should
bring its total capacity up to 1.2 million liters/day. The first joint venture with Southern
Palm Company will yield a production capacity of 300,000 liters/day and the second
with Bio Energy Plus Co. will produce 200,000 liters/day.34 The third is with Charoen
Pokphand Group (CP), a leading agro-industrial and foods conglomerate, to set up a
biodiesel plant with a capacity of 100,000 liters/day.35 The Thai Energy Ministry has
expressed its hope that these private-public joint ventures will attract more investment
from the private sector, which will encourage farmers to grow more palm. I n fact, the
joint venture between PTT and CP also seeks to open up new palm plantation land as
well as encourage the cultivation of palm trees in the country’s south.
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Meanwhile, overseas companies are also seeking to enter the Thai biofuels industry.
In July 2004, India’s Praj Industries, the world’s largest supplier of molasses-based
distillery technology, won a contract from Khon Kaen Alcohol Company to construct
a 100,000 liters-per-day ethanol distillery based on cane molasses and cane syrup.36
The distillery is attached to the Khon Kaen sugar mill in Nampong and its products
are meant for the gasohol industry. Another Indian company, Pune-based KBK Chem
Engineering, also constructed a 200,000 liters-per-day distillery project for Kaset Thai
Sugars, which owns one of the world’s largest sugar mills.37
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E) RESEARCH & DEVELOPMENT
The bulk of Thailand’s R&D for the biofuels sector is carried out by oil and gas company PTT, the National Science and Technology Development Agency (NSTDA), King
Mongkut’s University of Technology Thonburi (KMUTT), Prince Songkla University,
Chulalongkorn University, the Petroleum and Petrochemical College, and the Royal
Thai Navy.37
Since 2001, the Royal Thai Navy (RTN) has been conducting an ongoing research project on biodiesel production and demonstration with the sponsorship of the Defense
Research and Development Office (DRDO). After the successful establishment of a
biodiesel pilot plant with a daily capacity of 2,000 liters, the RTN is currently developing a “continuous type” biodiesel pilot plant which is not only smaller and more compact in size, but also equipped with a higher production capacity, and thus suitable for
use by communities in remote areas.39
Due to the skeptical public response to the state-sponsored biodiesel blending program, a number of studies have been conducted on the impact of biodiesel on engines.
The Thai Navy Dockyard and DEDE successfully carried out tests on four pick-up vans
with 2500cc diesel engines, with each running on different biodiesel blends.40 In October 2006, the Thai Energy Ministry and PTT carried out tests on older cars with carburetor engines with a blend of 90% gasoline and 10% ethanol. The successful outcome
of the tests, which found that fuel tanks remained in normal condition, with no residue
in the tank or damage to the metal, rubber, and plastic parts, was very important as the
country currently has 566,469 cars with carburetor engines.41
Aware of the potential of the Thai biofuels industry, foreign companies have also contributed to the R&D effort. In August 2006, Japan’s Toyota and PTT signed a memorandum of understanding with Kasetsart University for a joint research effort titled “Collaborative and Development Project on Jatropha Biodiesel for Diesel Vehicles”,42 which
will focus on seed selection and the cultivation of Jatropha Curcas. The popularity of
jatropha as a feedstock is expected to rise once the 40 new biodiesel plants currently
under construction in Asia come on-stream.43 Toyota, which is providing almost half
of the project’s research funding, has said that it will produce more biodiesel-friendly
engines if the research produces positive results.
Finally, the academic community has also become involved in policy research on biofuels. Funded by the Ministry of Energy and led by the Joint Graduate School of Energy
and Environment (JSEE) in the KMTT, a new project titled “Policy Research for the Promotion of Renewable Energy and Energy Efficiency” was conducted from June 2005 to
June 2006. It involved more than 30 leading researchers from 10 major universities (including those mentioned above). The scope of the project involved the development of
R&D roadmaps that would support national renewable energy development plans as
well as improve the country’s energy efficiency policy for 2007-2008. It also proposed
measures to promote R&D for biofuels and analyzed the human resources necessary
for a sustainable renewable energy industry.44

Unlike most other countries, Thailand produces more crops than can be consumed
by local food and manufacturing industries. In particular, the sugarcane and cassava surpluses that are currently being exported can easily be redirected to the ethanol
and biodiesel manufacturing industries. As local fuel ethanol consumption is likely
to consume only a portion of the country’s output, Thailand likely will be a significant exporter of ethanol. A slightly different picture exists in the biodiesel industry.
Although Thailand has a current palm oil surplus of 150,000 tons, Pornchai Rujiprapa,
the deputy permanent secretary for energy, has said it would be insufficient to meet
demand. Hence, the government is carefully considering the import of raw materials
such as crude palm oil in the initial stages when Thais are still adjusting to the idea of
biodiesel as a transportation fuel.45
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1. BRAZIL BIOFUELS 2020
A) INTRODUCTION
Brazil stands at a crossroads. Decades of public and private sector investment in
agroenergy have positioned the country as the world leader in the efficient production
of biofuels. There is no agriculturally-based fuel produced today that can compete
with Brazilian sugarcane ethanol, which is competitive with gasoline at prices as low as
$35 a barrel. The country has also gone farther than any other in successfully incorporating biofuels into its transportation fuel consumption. Mandatory blends of 20 - 25%
+1% (today 23% +1%) ethanol and a target of 3% biodiesel in 2008 are impressive on
their own, but current ethanol use far exceeds the consumption these requirements create. Brazilian-developed flex-fuel engine technology, already used in more than 70%
of new cars sold, allows consumers to choose any combination of ethanol and gasoline
based on their preferences and market price. Brazil is also a biofuels force beyond its
borders. It leads the world in ethanol exports, accounting for 55% of ethanol traded
internationally in 2005.
Brazil’s leadership today is unquestionable, but it leads an industry that is very much
in flux—and likely to be revolutionized by new technology soon. Ethanol, after all, is
still traded on a limited scale (just 10% of global production in 2005). Brazil serves as a
model for many countries seeking to establish vibrant biofuels industries as a tool for
development, energy diversification, and emissions reductions. However, Brazil’s path
has not been linear, and the changing global environment requires even the industry
leader to evolve. Understanding the rise, fall, and resurgence of biofuels in Brazil is
critical to assessing the country’s current competitive position and crafting a strategy
for maintaining future leadership.
B) THE BRAZILIAN NATIONAL ALCOHOL PROGRAM – PROALCÓOL
The Brazilian National Alcohol Program, ProAlcóol, was launched in 1975 as a response to soaring oil prices and a crisis in the international sugar market. During the
first oil crisis, the average price of a barrel of petroleum increased from $ 2.91 in September 1973 to $ 12.45 in March 1975.1 Given low international sugar prices, the Brazilian government sought to utilize domestic sugar supplies to reduce its dependence
on foreign oil, improve its balance of payments, reduce disparities in regional supply,
expand production, and generate employment. The program was able to take off in
part because of the significant capacity expansion that occurred in 1971/72 thanks to
high international sugar prices.

During the first phase of the program, 1975-1979, government funds helped construct
distilleries adjacent to existing sugarcane mills, enabling managers to switch between
sugar and ethanol as market prices fluctuated. Such injections of capital helped the
industry grow at a relatively rapid rate and allowed Brazil to reduce its dependency
on foreign oil, insulate itself from the vagaries of the international sugar market, and
ultimately form the robust and competitive industry that exists today.
The second oil crisis, in 1979, exposed Brazil’s continuing vulnerability to international
oil shocks and fortified the political will to enhance ProAlcóol. The government augmented the program by promoting the construction of independent distilleries capable
of producing hydrated ethanol for fuel engines and negotiating with car manufacturers to develop 100% alcohol fueled vehicles.3 The government designed a variety of
incentives to entice agricultural producers, distillers, car manufacturers, distributors,
and others to adjust their operations and help meet the anticipated demand increase.

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

Efforts to diffuse the impact of the oil crisis focused on the agroindustrial and technological development of sugarcane. The government embarked on a massive campaign
to promote synergies along the supply chain from sugarcane farmers to ethanol producers and on to end users.2 The government also sponsored efforts to produce anhydrous ethanol to be blended with gasoline through small initiatives that would expand
and eventually create economies of scale.
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The industry responded. Anhydrous and hydrated alcohol production levels increased
from 500 million liters per year in the late 1970s to 15 billion liters per year in 1987. 4
Incentives provided to the auto industry led to the proliferation of alcohol-fueled vehicles, which reached 92% of new car sales between 1983-88 and comprised more than
50% of the total car fleet by 1992.5
Favorable macroeconomic and fiscal policies enabled the rapid expansion of the industry, but even strong government support could not completely insulate it from exogenous shocks. Declining oil prices in the mid-1980s eroded the economic case for ethanol. As oil prices leveled off, the production costs associated with ethanol rendered the
product less competitive and highlighted the exorbitant costs of ProAlcóol subsidies.
Disputes between the government and producers over price controls resulted in decreased subsidies and, consequently, decreased production6 Domestic ethanol was not
able to satisfy the demand generated by the spread of alcohol-fueled vehicles, making
ethanol imports necessary. Brazil’s economic priority shifted to combating inflation,
and the government overvalued the country’s currency, which inadvertently damaged
ethanol’s competitiveness.
ProAlcóol deteriorated further throughout the 1990s. The shortages of the late 1980s reduced consumer confidence in the program and decreased demand for alcohol-fueled
vehicles, sales of which fell continuously throughout the 1990s. By 2000, only 10,000
such vehicles were sold.7 At the same time, increased international sugar prices led
sugarcane producers to divert their production away from ethanol and back to sugar.
While the outlook for ProAlcóol grew dim, the government continued to explore ways
to sustain the program. In 1993, the government instituted a mandatory blend of ethanol and created another round of incentives to draw producers and consumers back
into the sector. In the late 1990s, the government deregulated the sector and instituted
a new tax (CIDE) that applied only to gasoline and diesel. In 2002, Development, Trade
and Industry Minister Sergio Amaral declared the government’s interest in reviving
the program, but he sought assurances from the agroindustrial sector that the country
would not suffer from cane ethanol shortages.8 Indeed, fears that sugar producers
would revert to sugar production prompted government officials to propose a sugar
export tax in an effort to keep resources in the country. The government eventually
relaxed fuel controls and allowed both gasoline and ethanol to be regulated by the
market.9
In March 2003, the introduction of flex-fuel vehicles, which the Brazilian government
taxed at a lower rate than regular cars, reinvigorated the ethanol market in Brazil.
These engines allow consumers to choose any combination from 100% ethanol to 100%
gasoline (although all gas in Brazil is blended with 23% ethanol today), based on their
preferences and market price. Within 18 months, flex-fuel vehicles accounted for 73%
of new car sales.10 This new choice, combined with the sustained surge in the price of
oil, revived the domestic ethanol market.
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The demise of the original ProAlcóol program is often attributed to shortages in ethanol supplies toward the end of the 1980s that decreased consumer confidence in the
program and precipitated the decline in alcohol-fueled cars. Sugar producers suggest
that intense regulation by the government inhibited the sector from operating efficiently. While the development and proliferation of the Brazilian ethanol industry would
not have been possible without substantial government involvement and investment,
today ethanol production receives no direct subsidies and is competitive with gasoline
to around $33 a barrel.
C) LOOKING FORWARD TO 2020
The development of the Brazilian ethanol industry through the ProAlcóol program has
positioned Brazil as the global leader in the production of ethanol from sugarcane and
the most efficient and cost-competitive of biofuels today. Countries around the world
are looking to the Brazilian model as they establish their own industries. However,
changed external circumstances demand a transformation in biofuels production. The
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resurgence of ethanol demand in Brazil, sparked in part by high oil prices, was also
driven by the innovation of the flex-fuel engine, which made consumer choice possible.
Continuing innovation along these lines will be essential. Moreover, the industry is
going global, and Brazil is looking to export markets for growth. Countries around the
world, many with deeper pockets than Brazil, are embracing biofuels and investing in
both production and innovation China alone recently announced a planned $187.5
billion investment in renewable energy, including biofuels, through 2020. Brazil can
remain the global leader, as both a commodity supplier and as a source of new technology, but doing so will require a cohesive strategy and significant investment. The
challenge will be to establish the appropriate balance between supporting a growing
industry and allowing it to freely and efficiently compete in the global market.
The next four chapters outline four pillars of such a strategy, each one addressing critical hurdles Brazil must overcome.
1. Innovation: Brazil is facing a newly competitive environment for biofuels innovation. There is a real danger that the country will become a large producer and
exporter but fail to stay at the forefront of innovation. To prepare for future waves
of activity, Brazil must focus on innovation now, pool resources for investment, address gaps in both R&D and education, and create a path to the next phase of innovation, leadership, and success. By focusing on improving existing technologies
and creating new ones, Brazil can add value to its economy and push itself out of
the category of under-developed commodity exporter. With the support of an innovative biofuels industry, Brazil can attract the investment flows needed to achieve
the sector’s sustainable development. Rather than just selling biofuels, Brazil can
sell technology and expertise, by serving as a resource and collaborator on biofuels
projects around the world. In the same way that the major oil companies stay on
the technological cutting edge and partner with governments and smaller companies worldwide, Brazil should aim to develop a business platform that draws on its
knowledge and expertise, not just its ethanol.

3. Infrastructure: The Brazilian biofuels industry developed for domestic markets,
and the infrastructure supporting it reflects that orientation. As Brazil develops a
strategy to maintain its position as the global leader in biofuels and meet a projected
surge in export demand, it must address the inadequacies in current infrastructure.
Brazil must both facilitate the growth of the biofuels industry in underdeveloped
regions of Brazil and look outward to how production reaches ports for export. The
component parts of the biofuels infrastructure in Brazil are power, transport, storage and distribution, and communications. Together, they facilitate the production
and distribution of ethanol and biodiesel products from factory to pump and from
field to vehicle.
4. Building Global Markets: The global biofuels market is a key element to an overall
economic growth strategy for Brazil and the Americas.n International trade in biofuels is still relatively undeveloped, and national policies usually focus on meeting
domestic consumption needs. According to the IEA, in 2004 just 10% of world ethanol production was traded internationally, and only 20% of that was used in fuel.
But current levels of consumption and growth rates suggest that energy-hungry
countries such as the US, the EU, China, Japan, and India will not be able to meet
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2. Capacity Expansion: Historically Brazil has easily outpaced the rest of the world
in ethanol production. That has now changed. The United States overtook Brazil
in 2005 as the world’s largest producer of ethanol, and Brazil’s productive capacity
is increasing at a slower rate than the rest of the world. Production in Brazil grew
nearly 6% in 2005, while the US and small producer countries both grew production by 21%. In 2006, US production is projected to grow to 18.2 billion liters, while
Brazil will likely reach 16.7-17 billion liters. Still, Brazil remains one of the few countries with the available arable land for large-scale export production. The challenge
is to expand production in an environmentally sustainable manner that does not
infringe on needed grazing pastures or national reserves, while finding the capital
to finance new projects.
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their growing demand exclusively with domestic production. Given their natural
resource endowments, optimal climate conditions, and competitive labor and land
costs, developing countries in Latin America, Asia and Africa may in the medium
to long term be among the most efficient suppliers. Supporting the development
of a market infrastructure in the short run will help to ensure adequate resource allocation and access to global supply. Brazil has taken a leading role in developing
the ethanol industry and designing a futures market to enable international trade of
the commodity. Timely efforts to harmonize biofuels commodity standards, reduce
institutional and regulatory barriers, and standardize contract requirements will
enable the international biofuels trade to achieve its potential.
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A) INTRODUCTION
Brazil has been a major innovator in the field of biofuels as well as a top producer and
exporter of ethanol. Decades of investment in innovation have not only produced the
most efficient agricultural and industrial processing in the world, but also yielded the
flex-fuel engine, which sparked the resurgence of ethanol use in the domestic market
and is now being introduced around the world. As the biofuels industry expands within Brazil and globally, the country is facing a new competitive environment. Countries
around the world are investing significantly in this area, and Brazil will need to build
on its strength with a cohesive national strategy if it is to retain its position. Without
this, Brazil faces the real threat of becoming a large producer and exporter of biofuels
without the technological competency to stay at the forefront of innovation for that
industry.
R&D entails both scientific research and applied technology that can produce practical
solutions. As a new and dynamic industry, the biofuels sector must constantly reassess
its goals and seek to improve its systems; there is no room for complacency. Talented
individuals are needed to innovate and conceptualize; skilled professionals to run tests
and create new technologies; and specialized labor to support operations and drive
growth as new technologies are introduced to help the sector expand.
The critical importance of trained personnel makes it logical to group R&D and education together within the innovation pillar. Innovation describes the process of creating
or introducing something new as well as the successful implementation of that product
or process; in the case of biofuels, new technologies must not only be developed, but
applied in ways which add value to the sector and clear a path for future growth and
achievement. R&D and education function together to drive innovation.

Examining the structures and policies in place for research and development, as well as
for expansion of the biofuels sector, will provide a frame of reference by which to analyze current trends in both public and private participation in the innovation process.
The Innovation Pillar of this report will assess the current state of R&D and education
and identify new trends. It will also offer recommendations on steps to help move the
biofuels sector forward.
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Brazil is on the cusp of a major evolution in its biofuels industry, and capacity expansion
through technological and agricultural innovation will be critical. Launching significant R&D and education efforts will require preparation, funding, and commitments
to change the educational, research, and business cultures within Brazil. The current
university research system in Brazil lacks both a culture of entrepreneurship and practical links to industry. Similarly, the majority of private sector funding for R&D takes
place through private research divisions within individual companies. This disconnect
has resulted in the underutilization of Brazil’s human resources in the R&D field and
is a major barrier to the growth of innovative activity. The issue of financial support is
particularly important. To achieve the government’s projected goals for the sector, as
well as the anticipated demand of the biofuels industry in the years to come, it is likely
that billions of dollars will be necessary. Achieving advancements in biotechnology
and industrial and agricultural processes will necessitate the expansion of research
and test facilities as well as training and professional development of the sector’s labor
pool. Greater participation from and coordination with the private sector, universities,
and research institutions can help ensure that research activities address the practical
technological needs of the sector.
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2.1 Research and Development
A) R&D Introduction
Brazil is currently the largest exporter and second-largest producer of ethanol in the
world, but it must overcome research and development constraints within the field
to maintain forward momentum, specifically cohesion among the various institutions
and companies involved in the development of the ethanol and biodiesel industries.
With respect to innovation within the value chain of the biofuels sector, R&D efforts
have focused on efficiency of inputs and processes to optimize output per hectare of
feedstock. These include the continued development of:
• Varietals that have a larger sugar or energy content as well as those which are resistant to disease, bacteria, and pests and have the capacity to respond to different
environments;
• Cellulosic, or second-generation, production technology to allow the use of different feedstocks, as well as more components of those feedstocks, to produce biofuel;
and
• Use alternatives, such as flex-fuel vehicle hybrids, gasification for biomass-to-liquids production, and electrical co-generation, among others.
This type of advancement is important because, as demand for ethanol and biodiesel
grows, so must supply. With limited space in which to plant feedstock for biofuels,
maximizing output per hectare will be key in meeting the energy needs of the future.
The development or optimization of co-generation and derivative-product manufacturing capabilities would also allow for comprehensive use of the greatest percentage
of the feedstock as well as subsequent cost reductions and secondary business opportunities.
Innovation can help ensure that increased productivity and efficiency is achieved in
a sustainable way, both environmentally and socio-economically. Deriving greater
amounts of product from feedstock inputs is one way of promoting environmental
sustainability, as is utilizing co-generation to power plants and discovering additional
materials that can be used to produce biofuels such as biomass or waste. If Brazil can
promote itself as a technological leader, as opposed to a simple commodity exporter, it
will be in a position to build a more socially and economically beneficial and sustainable industry.
A-1) Funding for R&D
An understanding of the overall trends in Brazilian R&D provides necessary context
for an examination of the specifics of biofuels-related R&D. Brazil spends less than 1%
of its GDP on R&D, according to both the World Bank and Unesco, and funding has
declined from 1% of GDP in 2002 to 0.97% in 2003 and 0.91% in 2004. With a GDP of
$604 billion (market value) in 2004,1 approximately $5.5 billion was spent on R&D for
the year. Brazil leads Latin America, spending significantly more as a percentage of
GDP than Chile and Argentina (0.61% and 0.41% respectively in 2003); however, developed countries like the US, Japan and Germany, as well as Korea, one of the “Asian
Tigers”, are spending more than 2.5% of GDP on investments in R&D. Sweden, the
world leader, spent nearly 4% of GDP on R&D in 2003 [Chart 2.1a.].2
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Chart 2.1a: R&D Spending as a Percentage of GDP (2003)
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Research and development in Brazil is heavily dependent on the public sector. Private sector investment accounted for just 42% of R&D spending in Brazil. In OECD
countries, the percentage of investment from the private sector averaged 63% in 2001
(73% in Japan, 64% in the US, and 54% in the EU)3 and nearly 62% in 2004. 64.4% of
Chinese R&D came from industry.4 [Chart 2.1b] The lack of private sector funding for
R&D is illustrative of a lack of private sector participation in research and development
overall in Brazil. Additionally, in OECD countries, the business sector performs 67.7%
of total R&D activities;5 in Brazil, only 11% of scientists operate in the business sector6.
The exception to this rule of public-sector domination of Brazilian R&D is the biofuels
industry, where private companies not only finance but also conduct the majority of
ethanol and biodiesel research and development.
Chart 2.1b: Institutional Distribution of R&D Activity
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A-2) Patents and Scientific Production
A-2.1) Patents
One measure of the depth of the Brazilian R&D sector is patent registrations and grants,
both domestically and internationally. According to the World Intellectual Property
Organization (WIPO), the use of the patent system has become more internationalized,
with residents and non-residents applying for patents across countries and increased
utilization of the system by developing countries. Brazil is a signatory to the Paris Convention for the Protection of Industrial Property (the Paris Convention)7 and adheres
to the Patent Cooperation Treaty (PCT), which allows investors to file for the equivalent of an international patent, the rights of which would be honored in all member
countries.8
Global Patent Comparisons
According to WIPO, use of the patent system has increased dramatically over the last
decade. Non-resident patent filings have increased 7.4% since 1995, with more and
more applications being filed in Brazil, India, China, Mexico, and Korea. Patent filings
and grants, however, remain concentrated in the US, China, Japan, Korea and Europe,
which together account for 75% of all applications and 74% of patents granted.9
Brazil surpassed Argentina, Chile and Mexico in resident applications in 2004, but
lagged behind Argentina, and far behind Chile, in non-resident filings. Brazil did,
however, have the largest number of patents granted [Table 2.1a]. With respect to developed nations such as the US and Japan, Brazil, like many other emerging markets, is
outmatched in all categories. It is notable that Korea boasts the third-largest number of
resident patent applications and grants; further analysis of Korea’s R&D might benefit
Brazil’s science and industry. To illustrate this point, take the case of each country’s
registry of patents in the US over a twenty-five-year period: in 1980, the US Patent and
Trademark Office (USTPO) granted 24 patents to Brazilian inventors and 8 to Korean
inventors; however Korea was able to increase its number of patents registered to 3,314
in 2000 and 4,352 in 2005, while Brazil reached only 98 registries in 2000 and 77 in
2005.10 Possible explanations for this disparity include spending on R&D and output
of scientists, issues which will be explored in greater detail in the second half of this
chapter.
Table 2.1a: Resident and Non-resident Patent Applications and Grants (2004)

Source: WIPO 2006; * 2005
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Chart 2.1c: Resident and Non-resident Patent Applications
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Japan’s low level of non-resident applications is notable, as is the large number of nonresident applications for Chile (also detailed in Table 2.1a above). This indicates that
not only are a large number of patent applications coming from Japan, but that a great
deal of those are coming from the Japanese, making the prospect of partnerships with
the Japan Bank for International Cooperation (JBIC), the Japanese government, or Japanese firms that much more interesting. Chile’s values indicate that there is a market for
new technology, but that domestic supply of technology is insufficient. This would indicate that there is a space within Chile for foreign innovation, and as Chile embarks on
its quest to increase biofuels production and use, as part of its goal of energy self-sufficiency, technology transfer from Brazil could form an important part of this strategy.
Chart 2.1d: Resident and Non-resident Patent Grants
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The figures in Table 2.1b represent the number of patents filed by residents set against a
number of variables, including R&D spending and GDP. Once again, Japan and Korea
are at the forefront. Brazil’s number of resident filings per million of R&D spending is
above those identified as key players in the Latin America region, and its number of
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filings per billion of GDP is just below that of Argentina. India is an interesting point
of comparison. Although it is a hot spot for foreign direct investment, particularly in IT
and pharmaceuticals, which tend to be patent-intensive industries, India has proportionally fewer resident patent filings than Brazil.
Table 2.1b: Resident Patent Filing by Population, GDP and R&D
Expenditure (2004)
Resident Patent
Filings per Million
Population
28.41
21.16
14.88
50.75
56.82
6.65
2883.56
2188.96
5.44
159.78
307.83
320.34
645.44

Argentina
Brazil
Chile
China
European Patent Office
India
Japan
Korea, Rep.
Mexico
Russian Federation
Sweden
United Kingdom
United States

Resident Patent
Filings per $Billion
GDP
2.32
2.81
1.49
9.37
2.30
107.26
116.19
0.60
17.56
11.34
11.31
17.70

Patent Filings per
$Million R&D
Expenditures
0.56
0.29
0.25
0.71
0.22
3.41
4.40
0.14
1.37
0.28
0.60
0.68

Source: WIPO 2006

It is notable that Brazil is third among the BRIC countries in R&D spending, with only
India trailing it.
Chart 2.1e: Resident Patent Filings per $Billion GDP 2004
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Chart 2.1f: Patent Filings per $Million R&D Expenditures 2004
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Domestic Patent Activity
There is limited disaggregated data on the breakdown, by sector, of Brazilian patent
requests. Chart 2.1g illustrates the peaks and valleys of public patent application filings in Brazil between 1990 and 2005, for which the total number of filings were 10,655
and 4,805 respectively (2005 data represent information gathered from January to May
of that year; 2004 saw 22,071 filings).11
Chart 2.1g: Variability of Public Patent Filings in Brazil
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Brazil’s relatively low patent numbers are an indication of the under-performance of
its R&D sector vis-à-vis more developed countries; this deficit has contributed to an
annual trade deficit of $20 billion in R&D-intensive industries including chemical, microelectronics and pharmaceutical.12
A-2.2) Scientific Production
Another significant measure of scientific activity is the number of scientific articles
published by a given country. As the tables below illustrate, Brazil has come a long
way in its production of scientific material [Table 2.1c], but continues to lag behind
more developed countries [Table 2.1d].
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Table 2.1c: Increase of Published Articles, by Country, in Scientific
Periodicals Indexed by the Institute for Scientific Information (ISI)

Brazil
Japan
Sweden
UK
United States
India
Korea
China
USSR/ Russia

1981
1,891
26,915
6,872
38,253
172,132
13,498
229
1,651
23,414

2004
13,328
68,568
14,901
67,010
256,374
19,852
19,217
46,022
22,974

% Change
604.81
154.76
116.84
75.18
48.94
47.07
8,291.70
2,687.52
-1.88

Source: MCT13

Table 2.1d: Articles Published in the Scientific Periodicals Indexed by
the Institute for Scientific Information (ISI) – World Participation 2004
Ranking
1
2
3
5
10
13
14
15
17

Country
United States
Japan
UK
China
URSS/Russia
India
Korea
Sweden
Brazil

2004
256,374
68,568
67,010
46,022
22,974
19,852
19,217
14,901
13,328

% of Global Participation
33.29
8.90
8.70
5.98
2.98
2.58
2.50
1.94
1.73

Source: MCT14

Table 2.1e: Number of Articles Published in Scientific Periodicals
Indexed by the Institute for Scientific Information (ISI)
Year
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Brazil
4,805
5,432
5,970
6,662
7,988
9,034
9,591
10,631
11,361
12,679
13,328

Latin America
12,683
14,265
15,693
17,458
19,434
21,664
22,745
24,642
25,915
28,673
28,594

World
638,321
668,581
679,059
683,800
710,017
724,323
721,421
740,248
736,110
800,624
770,031

% Brazil in Relation % Brazil in Relation
to Latin America
to the World
37.89
0.75
38.08
0.81
38.04
0.88
38.16
0.97
41.1
1.13
41.7
1.25
42.17
1.33
43.14
1.44
43.84
1.54
44.22
1.58
46.61
1.73

Source: MCT 15
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Chart 2.1h highlights Brazil’s contribution to global publications in fields relevant to
the biofuels sector. Its performance is in line with the country’s overall share of global
publications, which lag behind Korea, Indian, and China, and of course the US and the
UK.
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Chart 2.1h: World Share of Indexed Scientific Articles Published by Brazil (2004)
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Taken together, the data indicates that Brazil is a leader within Latin America in terms
of innovation and scientific achievement, but that it still requires improvement to compete at the international level. This information is not meant to suggest that Brazil is
weak in its ability to conduct R&D or publish scientific research, only that resources,
both human and monetary, might be better allocated to improve the country’s standing. This picture of the Brazilian research, development and innovation field is important background in considering the state of the country’s R&D sector for biofuels.
(For additional global comparisons, see Annex)
B) R&D and the Public Sector
Brazil’s public R&D sector is very much embedded in the nation’s public university system. It involves a variety of government agencies and funds that promote and support
R&D as well as science and technology more broadly. A number of private companies
are involved in the biofuels sector, though additional private participation is needed to
help fund and communicate the needs of industry to the public research community.
Well-funded public universities, government institutions, and funding and networking agencies are the major players in the R&D field. Much of the country’s wealth is
concentrated in the southeast and south of the country, and the top universities with
the best funding are located in these areas. The Brazilian government has conceived a
number of biofuels initiatives, at both the federal and state level, and has a number of
ministries, state bodies, and support institutions in place to promote these plans and
facilitate growth of the sector.
B-1) Government Bodies

•
•
•
•
•

Ministry of Science & Technology (MCT)
Ministry of Agriculture, Livestock and Supply (MAPA)
Ministry of Mines & Energy (MME)
Ministry of Agrarian Development (MDA)
Ministry of Development, Industry and External Trade (MDIC)

The MCT is at the forefront, providing research funding to a variety of institutions and
organizations. MAPA is also an integral player, having been restructured in 2005 to
include an agroenergy division, under which biofuels are considered an energy commodity. MAPA’s National Agroenergy Plan (PNA), discussed in greater detail below,
outlines the government’s plan to develop the sector. The Agribusiness Council (CON
SAGRO) also under MAPA, collaborates with organizations in the field on biofuels
issues, among others, including the Brazilian Agribusiness Association and MAPA’s
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At the federal level, ministries involved in R&D funding and promotion relevant to
biofuels are:
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research body, Embrapa.17
Also at the federal level, the National Institute of Industrial Property (INPI) regulates
the use of industrial property, including the issuance of patents. The National Association of Petroleum, Natural Gas, and Biofuels (ANP), which falls under the jurisdiction
of the MME, also regulates biofuels standards.
In addition to the federal ministries listed above, state governments participate in the
promotion of R&D. As one would expect, the states with the greatest amount of funding and thus university research activity also have strong R&D promotion agencies.
The São Paulo State Government’s Biofuels Chamber promotes large-scale financing
of biodiesel production ventures, including some R&D activity. The Paulista Agency
of Agribusiness Technology (APTA) of the state of São Paulo facilitates the transfer of
technology and information to promote agribusiness in an environmentally and socially conscious manner. It also works to develop new sugarcane technologies and
varietals.
B-2) Government R&D Spending
B-2.1) Overall Spending
In 2005, MCT (science and technology) was by far the largest ministerial investor in
R&D, investing $840 million, nearly half of the total federal investment in R&D of $1.85
billion. The Ministries of Agriculture and Education contributed $370 million and $280
million to R&D respectively.18 From the MCT’s resource pool in 2005, approximately
$330 million was allocated to the National Council for Science and Technology Development (CNPq), and $325 million went to the National Fund for Science and Technology Development (FNDCT).19 27.3% of MCT’s research funding goes to higher education institutions and 21% goes to agriculture, the largest percentages.
CNPq, which focuses on the development of human resources for research and technology in Brazil, offers grants and fellowships to researchers as well as masters, doctoral, and post-doctoral students in Brazil and abroad. CNPq also funds grants to
institutions involved in research and innovation as well as those that provide postgraduate level courses in the various scientific fields. CNPq sets no limitations so long
as research supports technological development beneficial to the country.20
In July 2006, the Brazilian government, as part of the Brazilian Forum of Biotechnology
Competitiveness, launched a plan to put the country in a leadership position in the
areas of human health, industry, and agriculture by 2020. The government anticipates
investments of $3.25 billion, from both the public and private sector, over a period of 10
years. The focus of this effort is strengthening the link between research and production, to improve the business sector’s productivity and innovation and boost Brazil’s
exports. The work will strengthen human and laboratory resources and will likely
draw on MCT sectoral funds, outlined below, FINEP, BNDES, and the private sector.21
B-2.2) Biofuels Specific Spending
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It is notable that 70-80% of biofuels funding has come from the private sector, according to the sugarcane-growers union of São Paulo, Unica. This is a departure from the
national Brazilian trend and would indicate that there is room for increased government spending in this area.
The MCT has 16 sectoral funds, with the aim of funneling tax revenue collected from
companies in particular industries back into R&D for that sector. Of these funds, 14
are sector specific and two are cross-sectoral. Financing decisions are made by the
MCT’s financing agency, FINEP (the Studies and Financing Entity), which not only
provides academic grants, but serves as a lender to businesses interested in investing
in innovation and research. To date, these funds have invested nearly $1.8 billion on
more than 4,000 R&D projects.22 MCT has no updated information on funding for
bioenergy-specific R&D, but projects under the national biodiesel program received
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more than $4 million (R$12 million) in 2003-2004 from sectoral funds.23 There are several sectoral funds which could potentially be tapped to fund R&D in biofuels, and
they are summarized below.
Ministry of Science and Technology Sectoral Funds
CT-PETRO:
The PETRO fund was the first fund to be created, in 1999, with the objective of stimulating innovation in the production of oil and natural gas to improve production and the
quality of the sector. It was also to bolster the qualifications of human resources and the
development of partnerships between business and universities/ centers of research.
The source of the fund is 25% of any excess of 5% oil & gas royalties.
CT-TRANSPORTE:
The TRANSPORT fund focuses on planning and development in civil engineering,
transport engineering, materials, logistics, equipment and software for reducing costs
and increasing the competitiveness of transport infrastructure. The fund receives 10%
of receipts from the National Department of Streets and Roads in contracts with communications and other companies which use transport infrastructure.
CT-INFRA:
The INFRASTRUCTURE fund was created to modernize the country’s infrastructure
and education associated with the sector of civil engineering; and to build and renovate labs and buy equipment. The source of the fund is 20% of resources destined to
each Sectoral Fund.
CT-ENERG:
The ENERGY fund aims to finance programs and projects in that sector, especially in
the area of end-use energy efficiency. It looks to develop alternative sources of energy
at reduced cost, and with better quality and fewer emissions; and to stimulate the competitiveness of national technology related to energy. The fund receives 0.75-1% of the
liquid income of businesses which generate, transmit, and distribute electric energy.
CT-AGRO:
The AGRICULTURE fund focuses on scientific capacity and technology creation in the
areas of agronomy, veterinary science, economics and social agriculture, among others, encouraging investment in biotechnology and the diffusion of new technologies.
The funding comes from 17.5% of the CIDE (Contribution on Economic Activities) tax
imposed on the production and trade of fuels in Brazil.

GREEN-YELLOW
The GREEN-YELLOW fund is part of a program designed to stimulate university-business relationships for the support of innovation. Its objective is to intensify technological cooperation between universities and research centers and businesses, contributing
to the elevation of activities in Science and Technology. The fund is derived from 50%
of the associated CIDE tax.
Each of these funds relates to the biofuels industry in its own way. Stimulating innovation and improving quality in the oil sector involves ethanol and biodiesel, which
make up 20% - 25% and 2% of gasoline and diesel fuel mixtures respectively. Transportation logistics and more competitive transport infrastructure are obstacles facing
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CT-BIOTEC
The BIOTECHNOLOGY fund targets the development of human resources for the biotech sector and the strengthening of the national research infrastructure and related
support services. It also supports the expansion of the national knowledge base, the
monitoring of advancements in the sector, and the stimulation of business development in the biotech field as well as the transfer of technologies to the business sector.
Its funding comes from a 7.5% CIDE contribution.
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the biofuels industry, a concern underlined by Brazilian Chief of Staff Dilma Rousseff
at the First National Biofuels Conference in late August.24 For its part, the energy fund
looks to develop alternative sources of energy, including biofuels, and to investigate
the use of biomass and waste for fuel production. The promotion of scientific capacity
in the agricultural sector, as well as the diffusion of biotechnology and the strengthening of national research infrastructure, are important to advancing the biofuels sector,
as is the goal of the Green-Yellow fund to enhance linkages between the university and
business sectors.
Alongside the MCT, the Brazilian National Development Bank (BNDES) has several
lines of financing which are specific to bioenergy R&D. The Financial Support Program for Biodiesel Investments invests in all phases of biodiesel production, including
R&D.25 The Technology Fund (FUNTEC) was re-launched to support projects intended
to stimulate technological development and innovation with respect to the strategic
interest to the Brazil, as outlined by federal policies and programs. The two lines of
financing under this fund cover investments in: 1) research, development and innovation, for which BNDES offers loans at a 6% interest rate plus a 1.8% credit risk rate
over a period of up to 12 years; and 2) production, where financing is offered at the
long-term interest rate (TJLP) plus a credit risk rate of 1.8%, a financial mediation rate
of 0.8%, and financial institution fees of up to 3% over a period of up to 10 years.26
FUNTEC will also finance up to 90% of the value of a project.27 According to FUNTEC,
it currently has 31 projects in the pipeline with nearly $180 million (R $383 million)
invested and over $280 million (R $600 million) in investments.28 These lines of financing are intended to enhance specifically the technological capacities of the Brazilian
biofuels industry.
B-3) Government Biofuels Initiatives
The Brazilian federal government has developed and implemented two major biofuels
plans. One focuses on biodiesel production and use, which is only beginning to develop in Brazil, while the other aims to expand ethanol use as well as that of biofuels
in general. Consistent themes in these plans are diversification of feedstock and the
enhancement of technological capability.
B-3.1) National Biodiesel Production and Utilization Plan
The Brazilian National Biodiesel Production and Utilization Plan (PNPB) involved
biofuels in the Brazilian energy matrix by creating quota targets of 2% by 2008 and
5% by 2013 for biodiesel blending. The Plan also renamed the National Petroleum
Agency (ANP) the National Petroleum, Natural Gas and Biofuel Agency (keeping the
original acronym) and delegated to the agency the tasks of defining biodiesel and its
value chain, and of authorizing specific producers. The development plan targets included:29
• The diversification of oil seed plants from which biodiesel can be produced and the
expansion of castor bean, palm and soy use;
• The production of biodiesel using ethanol as a catalyst through transesterification;
and
• The discovery of uses for biodiesel byproducts such as glycerin.
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The plan was developed as an umbrella initiative to coordinate the individual work of
several different involved ministries.
The Brazilian MCT plays an important role in the biodiesel sector, especially with
respect to R&D, and promoted biodiesel initiatives even before the official national
biodiesel plan came into effect. In 2002, it developed an initiative called the Brazilian
Technical Biodiesel Development Program (Probiodiesel), in conjunction with the State
of Paraná, to develop fuel from vegetable oil and to evaluate its economic, technical,
and socio-environmental viability.30 Under the national biodiesel plan, the government
has created the Brazilian Biodiesel Technology Network, which involves 60 research
groups throughout the country. The MCT will develop laboratory infrastructure to
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monitor production quality, help construct four new production units, and promote
new research efforts from emerging groups and start-up companies.31 The technological development of the program will be coordinated through the “state network” to
avoid duplication of efforts; as of November 2006, 23 states had signed agreements and
over 120 projects had been sponsored. 32
There are additional initiatives taking place under the National Biodiesel Production
and Utilization Plan, including several that address the social impact of biodiesel production. In 2004, to this end, the COPPE research institute at the University of Rio de
Janeiro (UFRJ) tried to identify the best areas for castor bean production as well as for
processing facilities in the northeast. Under the plan, the Ministry of Farming Development grants Social Fuel Seals to industrial producers who buy their raw materials
from small family operations.
Biodiesel Funding
Within the biodiesel network of the national biodiesel program, there are 121 R&D
projects with total funding of roughly $20 million (R $42.7 million).33 Funding for the
plan includes disbursements from the sectoral funds, and financing from Pronaf, or
the National Program for the Strengthening of Familial Agriculture, which gave $ 43.3
million (R $100 million) in 2005 to the network. The interest rates for Pronaf loans were
between 1% and 4%,34 low considering that Brazil’s Selic rate, or the benchmark rate
charged by banks, was 13.75% in October 2006.35 BNDES will also provide financial
and investment support of up to 90% for projects under the Social Fuels Seal program
and up to 80% for the remaining projects. Small-, medium- and micro-enterprises will
be charged Brazil’s long-term interest rate (TJLP) plus 1%, for Social Fuels Seal projects,
or 2% per year. Large businesses will be charged TJLP plus 2%, or 3% per year.
B-3.2) National Agroenergy Plan
The National Agroenergy Plan (PNA), unveiled in 2005, was derived from the national
biodiesel plan and created under the Ministry of Agriculture to organize and develop
a proposal for research, development, innovation and technology transfer to ensure
the sustainability and competitiveness of the agroenergy industry. It seeks to structure research efforts and supports the creation of an agroenergy consortium as well as
an agroenergy unit through Embrapa.36 The National Agroenergy Consortium would
involve the Ministry of Agriculture and the private sector, and would organize and
encourage the research, development and production of biofuels. The partners in the
consortium are Embrapa, the Brazilian development bank BNDES, the Bank of Brazil
and Itaipu Binacional, a hydroelectric complex owned jointly by Brazil and Paraguay.
The Embrapa Agroenergy Unit is being formed out of Embrapa’s existing decentralized research units, with the addition of implementation units in each region of the
country to coordinate with municipal and state governments, and roughly 20 researchers to deal specifically with agroenergy.37

•
•
•
•

ethanol and energy cogeneration from sugarcane
biodiesel from animal and vegetable sources
forest biomass
agroenergy and agroindustry residues and “dejects”

The RDI Program is designed to be multi-disciplinary, multi-institutional, and anchored in international cooperation.39 Its strategic priorities will be genetic improvement through traditional methods, as well as through biotechnology, which will allow
for the selection of optimal vegetable species for biofuels feedstock and a significant
improvement in production.40
The ANP mandates several R&D objectives for the biofuels sector. With respect to
ethanol, research will be devoted to a number of issues, including:
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The plan’s Research & Development and Innovation (RDI) Program contemplates
short-, medium- and long-term goals for the industry, and will engage in four main
areas derived from the main agroenergy production chains:38
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• The introduction of new characteristics via biotechnology (plague resistance,
drought tolerance, and adaptability to land acidity and nutritional characteristics);
• The development of both agronomic and industrial production processes and management systems for sugarcane cultivation; and
• The improvement of sugarcane’s industrial yield, the use of other parts of the cane
for ethanol production, and co-generation processes.
For biodiesel production, the government will collaborate to:
• Maximize the energy yield from raw materials input, including the discovery of
new oil-producing plant species and the use of organic residues;
• Create an aggregate value chain by developing processes not only for energy production from biomass, but also the production of co-products and residuals for the
pharmaceutical and chemical sectors;
• Improve oil extraction processes as well as management systems for oil crop plants
and harvesting and processing methods; and
• Conduct engine function and emissions studies to evaluate and promote the commercial use of biodiesel.
Both sectors aim to develop an agroecological zone in expansion regions and to integrate the different agroenergy chains (mentioned above).41 Additionally, there is an
emphasis on promoting efficiency in the development of biodiesel so as to reach the
2013 target of a 5% biodiesel blend as economically as possible.
B-3.3) Law of Innovation
The Innovation Law, approved by the Brazilian House of Representatives in July 2004,
provides a legal framework to promote scientific and technological research and development, as well as other innovation-driven activities, by the private sector, particularly
small and medium enterprises (SMEs).42 This Law is driven by three main goals:43
1) To increase collaborative linkages between the public and private research communities, particularly universities, technological institutes and firms through the
structuring of networks and international research projects; the promotion of technological entrepreneurism; and the creation of incubators44 and technological parks.
There is also a mechanism which allows science and technology institutes to share
their facilities, including laboratories, with firms.
2) To increase the participation of science and technology institutes in the “innovative
process”, encouraging and facilitating the commercialization of technology developed by these institution-firm partnerships, including the patenting and licensing
of generated intellectual property (IP), the protection of that property, and the remuneration of institutions and their associated researchers for services and expertise rendered.
3) To increase the participation of firms in the innovative process through the promotion of financing, economic subsidies or other incentives to be used for the payment
of human resources, for materials purchases and for infrastructure needs associated with innovative activities. The Law also allows public agencies to transfer
non-refundable funds to private firms for R&D, which was previously prohibited,
provided that the firm contributes some of its funds towards the project.
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The Law of Innovation intersects with the federal government’s Technological, Industrial and Foreign Trade Policy (PITCE), an initiative announced by Foreign Minister
Luiz Fernando Furlan in March 2004, which promotes, among other objectives, improvement of the productive sector’s efficiency. The Policy’s goal is to capacitate that
sector technologically, allowing it to withstand external competition as well as to augment its exports through the competitive insertion of Brazilian goods and services with
better quality, greater technological content, and higher value added, into the international market.45 PITCE is also supported by BNDES funding.
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B-3.4) State Programs
At the state level, a variety of biofuels promotion programs exist, particularly for the
nascent biodiesel sector [Table 2.1f]. For example, the biodiesel program of Bahia, a
state which leads the country in biodiesel production with a market share of 92%, has
been working with universities and companies in the region to achieve commercialscale production of biodiesel by 2006/2007.46 The RioBiodiesel program has also been
active in promoting biodiesel production and use, and in bringing together the work
of the Federal University of Rio de Janeiro, municipal and state governments, and local
industry (see University R&D Activities below for specific projects).
Table 2.1f: Biofuels Research & Development Projects by State
State
Alagoas

Program Title/Objective
Semi-arid Alagoano Oil crops: Technological Innovation, Sustainability
and Social Inclusion
Amazonas
Insertion of the State of Amazonas into the National Program for the
Production and Use of Biodiesel
Amapá
Research, development, and prospecting of native plants for the
production of biodiesel in the State of Amapá
Bahia
Bahian Biofuels Network
Espírito Santo
Biodiesel in Espírito Santo
Goiás
Biodiesel Program of Goiás
Maranhão
Special Biodiesel Program of Maranhão
Minas Gerais
Mineiro Biodiesel Program
Mato Grosso do Sul Biodiesel Program of the state of Mato Grosso do Sul
Mato Grosso
Biofuels Program of Mato Grosso (PROBIOMAT)
Pará
Biodiesel Production in the state of Pará
Paraíba
Technological Network of PB - Biodiesl
Pernambuco
Technical-Economic Studies to consolidate Industrial Production
Processes for Castor-based biodiesel in Pernambuco
Piauí
Biofuels of Piauí: Energy from Castor
Paraná
Paranaense Bioenergy Program: Technical Development of Biodiesel
Rio de Janeiro
RioBiodiesel: Clean and Innovative Fuel
Rio Grande do Norte Potiguar Biodiesel Program: Current Situation
Rio Grande do Sul
PROBIODIESEL-RS Project
Sergipe
Consolidate the Technological and Scientific Base for Processing and
Output of Biodiesel
São Paulo
Biodiesel – SP Project
Source: Brazilian Network of Biodiesel Technology 47

These programs are important in that they frame the objectives of the Brazilian government with respect to biofuels research. The next step is to match the structure and
resources of the research sector in Brazil to the needs and expectations of these plans.
Currently, the Brazilian R&D sector faces several important obstacles in achieving the
goals laid out by the government, many of which have already been mentioned.

Brazil has been the leading innovator in traditional methods of growing, harvesting,
and processing biofuels feedstock, particularly sugarcane for ethanol and vegetable
oils for biodiesel. It is making enormous strides in genetic and genomic biotechnology, as well as agricultural and industrial processes related to biofuels production,
but the real breakthrough in the industry will come with the mastery of cellulosic and
second-generation production technology and processes, an important concept for future innovation in the biofuels industry. As land and water for feedstock cultivation
become increasingly difficult to obtain, because of both environmental and food-security constraints within Brazil and globally, technological creativity and the ability to
increase yield per hectare will be the competitive edge of countries hoping to expand
their biofuels production and achieve the greatest cost efficiencies. The utilization of
residues and parts of crops currently discarded or used for other purposes may make

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

B-4) Areas of Focus for R&D

461

PILLAR I: INNOVATION
this possible. If Brazil can be at the forefront of this technology, it will be in position to
export technical expertise, processes, and equipment, rather than just biofuels.
For ethanol production in Brazil, research is underway to increase sugarcane yield to
meet growing demand, through both traditional usage of sucrose, and the future prospect of cellulose processing. Mapping the sugarcane genome, considered one of the
most complex, has been a particular priority. Genetic researchers and engineers at
several of the top public universities and research centers have been able to alter the
crop’s resistance to pests, bacteria and disease, as well as boost its sucrose production. These advancements have been cutting-edge and very important to the sector,
but there is still more progress to be made. Sugarcane is comprised of 1/3 sucrose, 1/3
bagasse (fibrous material left after the juice has been extracted from the cane), and 1/3
waste, which includes the leaves and tops of the crop. Most production effort focuses
on the sucrose rather than the remaining two-thirds of the plant. Future technologies
will focus on producing ethanol from these parts of the cane and development of cellulosic production technology is a high priority for the R&D community. Additionally,
biotechnology efforts are focused on boosting the fiber content of crops as cellulosic
production techniques are perfected. Confidentiality makes it is difficult to ascertain
all the institutions involved in developing these processes in Brazil, but two leaders
in the field are the State University of Campinas (UNICAMP) and private companies
such as the Sugarcane Technology Center (CTC), Dedini and Canavialis.
For biodiesel, there are several state and federal universities, such as the Federal University of Rio de Janeiro (UFRJ) and the State University of São Paulo (USP), which are
engaged in the investigation and testing of various feedstocks for biodiesel production.
These include castor beans, palm, jatropha, soy and other nuts as well as grasses and
additional biomass materials such as residues, waste oils, and animal fats. The need to
develop second generation technologies is also key for biodiesel production and is the
focus of initiatives in this sector.
A number of other countries are engaged in similar R&D efforts. Honda and the Japanese research firm RITE (Research Institute of Innovative Technology for the Earth) announced in mid-September 2006 that they had developed a method to produce secondgeneration ethanol from biomass. Their specific process came about through RITE’s
creation of a microorganism that can convert sugar into ethanol while reducing interference from fermentation inhibitors, produced when the hemicellulose is separated
from the cellulose.48 This type of technology, similar to a rapid hydrolysis technique
developed by Dedini and Copersucar (with support from Research & Support Foundation of the State of São Paulo, FAPESP) is needed to advance the potential of the sector,
and countries such as the U.S. and EU are working to develop their own commerciallyviable technologies. In the context of this activity, Brazil’s best strategy to fully exploit
its first mover advantage in biofuels to stay ahead of the curve, acting as a resource to
those countries seeking to expand their capabilities in the sector.
B-5) Support from Civil Society
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The scientific and business communities have created several civic organizations to
promote the development and advancement of biotechnology in Brazil. Over the years,
there has been an evolution from strictly science promotion through education, to business development and support for the state and national biofuels industry. Today,
there is a strong network in Brazil for both the promotion of science and biotechnology
as well as business incubation and promotion of the field as an economic endeavor;
however, increased funding and better information sharing is required.
B-5.1) Science Focused
Founded in 1948 as a non-profit organization, the Brazilian Society for the Progress of
Science (SBPC) has participation from over 70 groups and associations from various
scientific disciplines, including teachers, students, professionals and other interested
parties, and is one of the oldest promoters of science in the country. The Brazilian Society of Biotechnology (SBBiotech) was founded in 1988 as a non-profit whose goal was
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to promote progress om biotechnology. A decade later, a group of scientists created the National Biosafety Association (ANBio) to help biotech industry information
and protect biological diversity. The Biotechnology Information Council (CIB) is also
non-profit and aims to increase public awareness of the field through dissemination of
technical as well as scientific information on biotechnology and its benefits to society.
Finally there is the National Biofuels Reference Center in Piraciacaba, created in 2004
to support the expansion of production capacity, and direct public and private investments. It advises the government on public policies, including the National Biodiesel
Production and Utilization Plan.
At the state level, the Research & Support Foundation of the State of São Paulo (FAPESP)
and the Research & Support Foundation of the State of Rio de Janeiro (FAPERJ) are two
important science-focused entities. Instituted in 1962, FAPESP offers research grants
and assistance both within and outside the state of São Paulo and was a partner on the
genome project. Programs such as the Small Business Innovation Research Program
(PIPE) and Industry / Research Institution Partnerships for Research and Development
(PITE) aim to address gaps in the R&D sector.49 Similarly, FAPERJ supports scientific
and technological advancement to assist socio-economic development in the state of
Rio de Janeiro. Similar institutes include:
FAPEAL
FAPEAM
FAPESB
FAPEMAT

Alagoas
Amazonas
Bahia
Mato Grosso

FAPEMIG Minas Gerais
FAPEPI
Piauí
FAPERGS Rio Grande do Sul

			
B-5.2) Business Focused

RIPA (the Innovation and Prospecting Network of Agroenergy) aims to connect the
science and innovation community with the public, private and civic sectors. The CTAgribusiness fund helped start the network, which is managed by the National Fund
of Science & Technology Development (FNDCT) and through the Studies and Projects
Financing Entity (FINEP). RIPA is the product of an agreement between FINEP, the
University of Sao Paulo (USP), Embrapa and others.50
Brazilian government and civil society groups focused on R&D, biotechnology promotion, and agroindustry development provide a support network for innovative endeavors, including for the biofuels sector. As the biofuels sector expands, these bodies will
need to continue to evolve in their structure and organization. The number of moving
parts in the biofuels research and development arena is immense, and there is a strong
need for coordinating bodies like those examined in this section.
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The Brazilian Association of Biotechnology Companies (Abrabi) was created in 1986
with the aim of transforming biotechnology into economic activity and defending the
use of genetic technology in agriculture and industry, among other activities. The
group also created the Brazilian Market of Biotechnology to stimulate business development in the sector. It provides statistics on the sector’s economic turnover, job
market, and more. The Biominas Foundation was founded in 1990 as a private institute
with the support of Fir Capital Partners to help transform scientific discoveries into
business ventures. To date it has helped establish more than 30 companies in the biotech arena. The foundation provides seed capital and management advisory services
to new business, helps with the incubation of start-up companies, and acts as a bridge
between associated companies and strategic partners of the foundation. The Brazilian
Agribusiness Association (ABAG) was created in 1993 and focuses on economic development and social and environmental sustainability. A strong supporter of research
and development, ABAG is in the process of creating a National Committee for Biofuels. The National Association of Automobile Manufacturers (Anfavea), though not
a direct advocate of biofuels or biotech companies, supports the automobile industry,
including on issues having to do with biofuels and relevant technologies, including
flex-fuel. Many states, including Rio Grande do Norte and São Paulo, have business
forums, which promote investment and entrepreneurship.
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C) Public Sector R&D
As discussed, there are a variety of public and private research institutions involved
in the biofuels sector, the majority of which are well-endowed universities in the south
and southeast of Brazil, where ethanol production is concentrated. Biodiesel production has become more prevalent in the northeast - due to tax incentives for locating
production facilities in that region, for cultivating plants used as biodiesel feedstock
(such as castor bean or palm), and for supporting family-based agricultural producers—and research for this segment of the biofuels market is beginning to flourish at
universities in this region. In addition to more public-private partnerships, the R&D
sector needs greater involvement from institutes and universities in the northeast, as
well as the mid-west where soy is prevalent, which could then interface with production firms and plants in that area.
C-1) Government R&D Bodies and Activities
Government initiatives aimed have helped spawn a variety institutions engaged in
R&D for biofuels development. The discovery of new feedstock varietals and the improvement of industrial processes are priorities. For the federal government, the leading research bodies are Petróleo Brasileiro, or Petrobras, which is also involved in some
biofuels production distribution; and the Brazilian Agricultural Research Corporation,
or Embrapa, which has just begun its engagement in agroenergy.
C-1.1) Federal Level
Petrobras/ CENPES
Though 51% state-owned, Petrobras operates as an autonomous entity. Not yet a direct
producer of biofuels, it is nonetheless heavily involved in the distribution and marketing of ethanol and biodiesel and participates in some joint-production ventures. Petrobras has its own research and development center, the Leopoldo Américo Miguez de
Mello Center for Research and Development (CENPES), which coordinates important
technologies, including renewables, through its laboratories at the Federal University
of Rio de Janeiro (UFRJ).
CENPES Activities
CENPES coordinates several Petrobras initiatives to boost fuel efficiency and promote
renewable energy. CENPES hopes to produce ethanol as well as to improve upon
available technology by making it possible to produce biofuels from sugarcane residue
and woodchips. The center is also set to update its facilities to include the latest technology in environmental conservation and efficiency.
CENPES’ Fuel Innovation and Technology Program (INOVA) was created in November 2000 with the goal of creating new fuel market products by developing formulation
and additive technologies; creating methodologies to assess performance, fuel emissions, and environmental impact; and adding value for petrochemical producers and
customers.
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The Technological Renewable Energy Program (PROGER) was created in early 2004 to
develop, test, and transfer technologies in an effort to maximize renewable fuels use.
The project’s areas include biomass energy production, primarily from biogas derived
from waste and waste treatment facilities; and biodiesel, including all phases of the
product’s life cycle. Through PROGER, Petrobras is building an experimental plant in
Rio Grande do Norte to develop a system able to deliver biodiesel that meets international standards. The company has a minimum price guarantee with the state to buy
castor beans, and it has developed a biodiesel technique that eliminates the crushing
stage by employing ethanol and a catalyst. The plant is still under construction, but
is expected to be operational soon, complete with a lab for quality control.51 Another
large unit is to be set up in São Mateus, Paraná by 2007 to study the best technology
for large-scale production of diesel from soy, sunflower seeds, and turnips. The project
will also try to identify new uses for glycerin, such as oil-well drilling; assess the potential of the Barbados nut for producing biodiesel; and investigate the use of methanol
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in production (methane is imported, but it is cheaper, simpler, and higher yielding).52
The Petrobras Refining Technology Program (PROTER) involves work with vegetable
oils, such as soy and castor bean, and diesel. The H-BIO technology was developed
by PROTER to help introduce renewable energy sources and support their expansion.
The process involves catalytic hydro-conversion of a diesel and vegetable oil mix under
hydrogen pressure and high temperatures controlled through a reactor unit. Petrobras
aims to have the process in three refineries by 2007 and in an additional two refineries
by 2008. Under this scheme, vegetable oil consumption is expected to reach 256 million and 425 million liters each year (corresponding to 10% and 16% of 2005 soybean
oil exports respectively).53 Petrobras estimates that this plan will require investments
of $38 million for the 2007 goal, and $23 million for 2008.54 It is projected that by 2008, if
the plan is successful, Brazil will be able to replace 25% of its diesel imports, resulting
in a savings of $240 million.55
Petrobras/ CENPES Funding
In partnership with Petrobras and the government of Bahia state, France signed a letter
of intent on September 5, 2005 for research and development of a castor bean biodiesel
plant. The agreement is the result of a program for incentives that has been developed
by the Bahia government since 2003 and which has attracted total investments of $103
million from Petrobras, France’s Dagris, Brasil Ecodiesel, and an undisclosed firm from
São Paulo. The French secretariat is investing $8.2 million to support research on the
feasibility of biodiesel.56

Embrapa
Embrapa falls under the umbrella of MAPA, the Ministry of Agriculture, and its mission is to provide viable solutions for sustainable development of Brazil’s agribusiness sector through technological development and information sharing. The corporation has bilateral partnerships with 155 institutions and 55 countries and multilateral
partnerships with 29 institutions and 34 countries. The corporation sponsors a project called PROETA whose mission is to promote the creation of new enterprises with
agricultural, agro-industrial or forestry bases, utilizing the information developed at
Embrapa labs.
Embrapa Activities
Embrapa participates in the development of Brazil’s National Program for Biodiesel
Production by preparing models and logistical studies, and analyzing the farming
potential of different oil seed plants. Some of its technologies include biological nitrogen fixation in sugarcane, and soy and common bean inoculants. Embrapa aims
to optimize oilseed cultivation for biodiesel, and works in conjunction with the University of Brasilia to build extraction equipment to this end. Under the PNA, an Embrapa Agroenergy Unit has been planned which would create a network of Embrapa
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Petrobras’ relationship to the ethanol and biodiesel industries is crucial, specifically
with regard to the company’s spending capacity; according to its annual report, Petrobras spent $386 million (R $934.6 million) on R&D across its various areas of operation in 2005. The company’s installed transport and logistical systems, as well as its
financial commitments to the development said infrastructure, are also of prime importance. As detailed in the Infrastructure section, the company has committed $660
million to the development of pipelines with the ultimate goal of linking Brasília to São
Paulo and the ports of Santos and São Sebastião.57 (The company recently announced
that the investment of those funds in pipeline infrastructure would depend heavily on
the strength of demand from Japan in the coming year.)58 Petrobras has also mastered
the process of transporting ethanol in multiuse pipelines. Petrobras is planning the
creation of the Pipes Technology Center of Latin America (CTDUT), which will help
foster advanced research, training, and certification of equipment. CTDUT will have
laboratories and full-scale facilities and will occupy an area attached to the Campos
Elíseos Terminal in Duque de Caxias, at Baixada Fluminense. The project is a partnership between Petrobras, via CENPES, TRANSPETRO and the Pontifícia Universidade
Católica do Rio de Janeiro (PUCRJ), and may include other institutions, universities
and non-governmental organizations.59
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research centers throughout Brazil dedicated to innovation in feedstocks, agroenergy
products, and co-production of other outputs like glycerin, esters, and even animal
feed. Significant funds and human resources have been dedicated to the initiative and
its launch as soon as possible is very important to the plan’s success.60 An interesting
component of the program is an agroenergy fund, initially financed by the public and
private sectors, which would fund the development and diffusion of technology and
then become self-sustaining through the royalties accrued.61
Embrapa Funding
In May 2006, the Ministry of Agriculture (MAPA) offered $5 million in financing for the
development of the Embrapa Agroenergy Research Center; financing will run through
the end of 2007.62 Japan, via its development agency, JBIC (the Japan Bank for International Cooperation), has committed $568 million to Brazil’s ethanol and biodiesel
industries, and a portion of that funding will go to the Embrapa Agroenergia Unit and
a Biofuels National Activity Center, which will be located in Piracicaba in the state
of São Paulo. The financing seeks to encourage technological developments in the
agroenergy field.63 The initiative will also establish a fund to support local producers;
the funds will be allocated through a special contract to be signed with the Ministry of
Agriculture in October 2006.
The Support Project for the Development of New Enterprises based in Agribusiness
Technology (PROETA) is being financed, in part, by the Multilateral Investment Fund
(FOMIN) of the IDB; the total value of the 4-year project is $ 3.2 million, split between
FOMIN and Brazilian players.64 Embrapa’s main responsibilities will be to structure
and manage incubated firms, which will likely include firms in the biofuels sector.
Additional Federal Bodies
The National Institute of Technology (INT) falls under the Ministry of Science & Technology and aims to support Brazil’s effort to remain a technological leader by supporting research, technological development, and human-resource training. INT conducts
research on a variety of subjects including ethanol use in vehicles. Through INT, the
state of Rio de Janeiro sponsors studies on the effects of biodiesel on fuel injection
systems and storage tank corrosion. The Aerospace Technical Center (CTA), linked
to the Ministry of Defense, is also involved in researching and testing ethanol use in
vehicles.
C-1.2) State Level
Technological Research Institute of São Paulo
The Technological Research Institute of São Paulo (IPT) studies industrial processes as
well as ethanol use in vehicles. It is supported by the State government, particularly
by FAPESP, and its biotechnology group focuses specifically on biodegradable plastics
made from sugarcane. It also participates in government programs such as the Program of Mobile Laboratory Units and the Program of Technological Support to Municipalities (PATEM), initiatives of particular interest since they support decentralized
research and could potentially serve as a model for future programs.
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The Technology Institute of Paraná
Located in Curitiba in the south, the Technology Institute of Paraná (Tepcar) is a public company connected to the Office of Science, Technology and Higher Education in
Paraná. The institute performs research, development, and production, and is considered a national reference center because it is well integrated into the university and
technology-center system and participates in a variety of joint studies and projects.
Tecpar carries out laboratory tests analyzing biodiesel quality, which helped the National Petroleum Agency formulate its biodiesel specifications. The Center for Biofuels
Reference (CENBIO) was created under Tepcar in 2002 to run Probiodiesel, a joint effort
between the Ministry of Science & Technology and the State office for Science, Technology and Higher Education. The institute conducts research on the use of vegetable oil
for biodiesel production and is deeply involved in the Paraná Bioenergy Program.
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C-2) University R&D Activities
The Federal University of Rio de Janeiro (UFRJ) is mentioned most frequently among
federal universities in the literature on biofuels R&D. Other federal universities identified as participating in the process include the Federal University of Ceará (UFC),
which adapted a methane-based biodiesel processing technique to ethanol production
that led to its first patent registration; the Federal University of Rio Grande do Sul
(UFRGS), which boasts a biotechnology center with a research group focusing on molecular biology and plant technology, including genetic transformation of soy and sugarcane; and the Federal University of São Paolo (UFSCar), which has a biotechnology
department (with a molecular genetics lab), a microbiology department, and a molecular agriculture department, through which it engages in activities such as the development of new varietals and agricultural and industrial processes. In the northeast, the
Federal University of Bahia (UFBA) is working intently with the Bahian biodiesel program and FAPESB to move the industry forward in that region and has over $392,000
(R $847,600) in projects listed on the Bahian Biofuels Network.65
C-2.1) Federal Level
Federal University of Rio de Janeiro
The Federal University of Rio de Janeiro (UFRJ) is participating in several large-scale
R&D biofuels activities. UFRJ has a Molecular Plant Genetics Laboratory (LGMV) as
well as a post-graduate research and engineering institute, COPPE. Through COPPE,
researchers have carried out a study to promote castor-bean diesel production in the
semi-arid region of northeast Brazil. COPPE has become a reference center, and in association with Petrobras and the state government it conducts studies aimed at supplementing diesel with biodiesel. Other studies include ones on a methanol-based production process, the use of vegetable and animal oils, and industrial residues.
In 2001, as part of the RioBiodiesel Program, the International Virtual Institute for
Global Changes (IVIG) of UFRJ began building a production plant with a capacity of
200,000 liters a day from soy and residual oil. The facility is the property of HIQ, a
company by UFRJ. The biodiesel has been tested in vehicles belonging to the Municipal
Urban Cleaning Company (COMLURB). The group has been expanded and is now
developing fuel to provide power for the Gramacho landfill.66

UFRJ has been involved in incubating biotechnology businesses, a process touted by
industry insiders as essential to building connections between the private sector and
public universities and helping ensure that research responds to industry needs.
RIDESA
The University Network for Sugar-Ethanol Development (RIDESA) connects seven
federal universities and 12 experimental stations across eight states in Brazil in support of the sector. This network was created to incorporate and continue the activities
of PLANALSUCAR, which closed in 1990, and has continued to promote R&D for
sugarcane-derived ethanol, notably the development of new feedstock varietals under
the RIDESA Program for the Genetic Improvement of Sugarcane. Sugarcane varieties
developed under PLANALSUCAR and/ or RIDESA are cultivated in more than 50%
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The Gerar Company, also part of the program and incubated by UFRJ, developed a
process of producing biodiesel using sewage. It obtained the patent for this process domestically in 2003 and internationally in 2004. Gerar has a project to produce fuel from
waste at a 2,000-liter-per-hour pilot plant. Negotiations with State Water & Sewage
Company (CEDAE) began in 2005 to implement this program at a treatment station.
Under this process, the top layer of sewage is separated through a specialized vacuuming process, and the fat is extracted and turned into biodiesel through etherification,
generating water as a sub-product. Project researchers believe that the evidence points
to the cost being lower than that of diesel, depending on related taxes. The yield is
lower than with vegetable oil (85% vs. 97%), but sewage- and residue-based biodiesel
could substitute for almost 1% of the Brazilian diesel market and generate more carbon
credits, since sewage generates methane, not CO2.67
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of the country’s area, with some regions boasting a 70% share. Participating universties
are:
• Universidade Federal de Alagoas
• Universidade Federal de Goiás
• Universidade Federal de São Carlos
• Universidade Federal de Viçosa
• Universidade Federal do Paraná
• Universidade Federal Rural de Pernambuco
• Universidade Federal Rural do Rio de Janeiro
C-2.2) State Level
The State universities of Brazil can be as high-powered as those supported by the federal institutions. The richer states of the Brazilian federation are the ones with the bestequipped universities, notably the State University of São Paulo and the State University of Campinas, listed in this sub-section. Additionally, the State University of Santa
Clara (UESC) and the University of Salvador (UNIFACS) are active in biodiesel R&D
efforts in the northeast, along with UFBA. UESC has over $578,400 (R $1.25 million) in
projects listed on the Bahian Biofuels Network.68
State University of São Paulo
The State University of São Paulo (USP) is one of the largest and best-funded public
universities in Brazil, and there are a variety of programs taking place through the
school’s different departments. Through USP’s Superior School of Agriculture (Esalq)
in Piracicaba, the Department of Agro-food Industry, Food & Nutrition has a program
dedicated to sugar and ethanol technology, including a distillery and a field experimental area. This program’s emphasis is on research support to the regional sugar
and alcohol industries, including development of new varietals and agricultural and
industrial processes, and on biodiesel studies. The Department of Chemical Engineering also participates in the development of new feedstocks and in the improvement of
production processes.
Ladetel
USP’s Clean Technology Development Laboratory (Ladetel), located in Ribeirão Preto,
tests biodiesel use in engines in collaboration with several manufacturers. The tests
yield information on power, emissions, and consumption in blends of up to 30% soybased biodiesel. Working in conjunction with the Paulista State University of São Paulo
(UNESP), tractor engines are also tested using mixtures ranging from 5-100% biodiesel.
Additionally, the lab is testing 5% (B5) biodiesel (half of the sample is soy-based and
the other half castor-bean-based) on a fleet of Coca-Cola distribution trucks with the
goal of eventually testing B10. Anfavea, the national auto maker’s association, is also
monitoring engine performance so that when B5 becomes mandatory, they will be able
to provide some assurance of engine safety. The results of these studies have been positive, showing a reduction in CO2 emissions and black smoke.
USP also engages in the study of biodiesel technologies; researchers at Ladetel developed a process involving the addition of ethanol or methane to vegetable oil and/or
industrial residue. The reaction time was 30 minutes instead of the normal 6 hours,
and the fuels separated spontaneously. The lab started a 400,000-liter per day, vegetable-based industrial plant in Piracicaba in 2005, which is now owned by Petroquímica
Capital in conjunction with an Austrian firm. The plan is to evaluate the quality and
feasibility of production on a large scale.69
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Cenbio
Also located at USP, the Brazilian Reference Center on Biomass (Cenbio), founded in
1996, aims to efficiently implement energy generation from biomass materials through
the dissemination of information through a variety of media. A joint creation of the
Ministry of Science and Technology, the São Paulo State Secretariat of Energy, USP, and
the Biomass Users Network, the center’s goals are to foster cogeneration of sugarcane
bagasse; to promote the use of vegetable oils as well as urban residues in power generation; to support legislation which promotes the use of biomass for power generation;
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and to organize technical training on bioenergy.
State University of Campinas70
UNICAMP, the State University of Campinas in São Paulo, is very forward thinking
in its approach to the sector and is highly involved in many aspects of agricultural
engineering as it relates to biofuels. Their activities include:
•
•
•
•
•
•
•
•

Developing new varietals;
Studying sugarcane genomics;
Modernizing sugarcane harvest technology;
Testing hydrolysis, fermentation, and gasification processes;
Perfecting bagasse and trash utilization as well as electricity generation;
Developing fuel cells;
Testing fuel quality; and
Studying the sector’s socio-economic impact, including employment, infrastructure, investment requirements, the environment, and public policy.

In addition to its wide-ranging R&D activity, UNICAMP engages the business community through its innovation company, Inova, which helps emerging companies on issues including intellectual property rights and patents and acts as a liaison between the
companies and key energy sectors. In 2004 and 2005, Inova incubated 22 companies
and licensed 40 patents, a testament to the company’s and the university’s commitment
to innovation and scientific achievement.71
There are additional state universities participating in smaller scale biofuels R&D activities, too many to list in this report. The range of biofuels projects in the university
system, as well as the examples of development partnerships with the private sector,
illustrate the ability of these institutions to conduct important research and further the
practical application of technologies. There is still more that can be done, however, in
terms of creating linkages between the public and private sectors.
D) Private Sector
Brazil’s private sector research activities occur primarily in small firms or through private production and technology companies. There is collaboration and integration between firms, including joint ventures between feedstock suppliers and equipment producers, with several notable initiatives and projects underway; however, there could
be even greater collaboration among private, as well as public and private, firms given
that the next wave of biofuels technology will require large-scale research and development of next generation technologies and processes.
D-1) Private Research Institutes

Two private institutes doing biofuels research are Alellyx and Canavialis SA, both biotech start-ups financed initially by Votorantim New Business Ventures. Located in
Campinas, Canavialis specializes in the development of new sugarcane varietals, including disease-resistant strains. The firm also manages varietal development for customers from the planting to the milling phase. Canavialis is also a partner of Alellyx,
which specializes in plant genomics, including increasing the sucrose content of sugarcane and creating plants resistant to drought and pests. The company was founded
in 2002 by a group of molecular biologists and biotechnologists and is 100% Brazilianowned. Researchers have developed 22 varietals of sugar cane, which now represent
60% of the sugar cane grown in south-central Brazil.
Financing
Votorantim is a Brazilian, family-owned, industrial conglomerate founded in 1918. In
2005, its net income was $1.07 billion, with investments of $2.27 billion.73 Votorantim
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Private participation in R&D in the biofuels sector, outside of institutions connected to
production, is less common; however, such firms exist and are gaining momentum as
the “biotech start-up” business model takes hold in Brazil.72
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New Business Ventures, a venture capital fund, was created in 2000 to make investments in life sciences, IT and communications. The Votorantim Group has allocated
$300 million to this end, typically investing $1-15 million for a period of 3-7 years in a
given project. Alellyx started in 2001 with $11 million from Votorantim New Business
Ventures; Canavialis received $7 million in start-up funding.74
Fir Capital Partners of Belo Horizonte is also a venture capital firm that invests in technology-driven companies with growth potential. Because of the nature of the Brazilian
venture capital market, it plays a more hands-on role in developing ideas, capital, and
staff than a typical venture capital firm. It invests as little as $100,000 and as much as $3
million with the expectation of investing $1-2 million over the life of a given project.75
By 2003, it had invested $5 billion in five biotechnology companies in Brazil; one of
its projects is the Biominas Foundation,76 which in turn invested $1.7 million in seven
companies between 1999 and 200377.
D-2) Fuel Producers
Biofuels and related equipment producers, as well as auto manufacturers, participate
in projects ranging from genetic enhancement to the study of the effects of biofuels
on car engines. These projects involve both ethanol and biodiesel, though the latter is
done on a much smaller scale.
D-2.1) Ethanol
The two main sugarcane and ethanol producing companies, as well as one large producers’ union, in Brazil command the attention of the nation’s top leaders. In late
August 2006, Unica, the Agroindustrial Sugarcane Union of São Paulo, met with the
president to discuss an increase in the nation’s required blend percentage to 25% from
20%.45 (It was eventually raised to 23% after the Brazilian presidential election in October 2006.) It is likely that these companies, along with Petrobras, will continue at the
forefront of the sector.
Copersucar
The Cooperative of Sugarcane, Sugar and Ethanol Producers of the State of São Paulo
(Copersucar) is one of the largest ethanol producers. In 2005-06, its income was $2.15
billion, 58% of which came from ethanol. It produced 56.8 million tons of sugar and 2.7
billion liters of ethanol.79 Its Genetic Improvement of Sugar Cane Project has resulted
in new varietals, the sale of which has generated rights and royalties. The cooperative’s
R&D activities are largely accomplished through the Sugarcane Technology Center
(CTC), formerly known as the Copersucar Technology Center.
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Copersucar Sugarcane Technology Center (CTC)
The Sugarcane Technology Center (CTC), located in Piracicaba, is a private institution
the objectives of which include researching and developing new technologies for application in agricultural activities, logistics, and industry, as well as creating new varietals
of sugarcane. The original center worked on producing varietals, as well as biological
ways of controlling pests, and biodegradable plastic (PHB), and creating a VVHP-type
sugar that requires less energy to be processed, and co-generation technology to create
electricity from sugarcane waste. Today, using modern equipment, the center can track
and monitor varietals to help predict harvest time, manage pests, and diagnose and
control disease and bacteria. It has also developed a high-tech mechanism for extraction, the Hydrodynamic Extraction System, and a dry cleaning process which, when
coupled with mechanical collection, cuts down on impurities and improves efficiency
both in the milling process and for energy generation. CTC works with yeast DNA to
analyze the potential for increased ethanol production efficiency and added value. It
is also developing solutions for the transport of sugarcane for its 123 cooperative members, including 32 from Copersucar. Since the center separated from Copersucar it has
reportedly struggled to maintain its funding and it remains to be seen whether CTC
can sustain its position as a leader in the R&D field.
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Financing
CTC, financed completely by cooperative members, has an annual budget of roughly
$13.4 million (R $30 million) to concentrate on developing new sugarcane and ethanol
production solutions. It also has $10 million in resources from the international Global
Environment Facility (GEF).80 In August 2005, it was determined that fixed contributions from association members would include $6.09 (R $13.17) per hectare of land and
a minimum contribution of $4,627 (R $10,000) annually per associate member. Additional contributions include 2.7 cents (R$ 0.058) per ton of milled cane per factory, 3.4
cents (R$ 0.0737) per ton for delivered cane for supplier associations, and a one-time fee
of 50% of estimated annual contribution. There is also an entry fee for any sugarcane
processor wishing to join the sugarcane association and receive the benefits of R&D
from CTC.81
CTC helps not only to oversee R&D projects but also finances them. One such project
was the sugarcane genome mapping project, initiated in 1988 as a partnership between
Copersucar and FAPESP, an $8 million project which was also supported by CTC.82
Cosan
Located in Piracicaba, Cosan is one of the largest producers of sugarcane and one of the
largest sellers of sugar and ethanol in the world. In fiscal year 2006, it produced more
than 1 billion liters of ethanol. Cosan has fashioned itself into a major player in the
sugarcane industry. After a series of mergers and acquisitions and an IPO, the firm has
signed a technology deal with Canavialis. The collaboration is intended to improve
the genetic structure of sugarcane with the potential of enhancing the productivity of
Cosan’s units. Canavialis will install an experimental plantation within one of Cosan’s
units, and they will test diverse varietals.83
UNICA
Unica is also a major institutional player for sugar, ethanol and related derivatives
production. It was created in 1997, incorporating the Association of Sugar and Ethanol Industries of the State of São Paulo (AIAA), previously created by producers, to
help spread the production and use of ethanol and to strengthen the dialogue between
government and society. Unica’s network of more than 100 associates, mostly from the
state of São Paulo, makes up more than 60% of Brazil’s production, and the union has
plans to add 70 additional units to its roster over the next 4 years, increasing its representation of sugarcane production by more than 200 million tons. The union also acts
as a national reference center, maintaining data on the scientific and industrial progress
of the sugarcane, sugar, and ethanol industries. It lobbies for more open sugar and
ethanol markets abroad and the increased use of biomass in Brazil’s energy matrix.
Similar to São Paulo’s union, each state has its own syndicate team which represents
producers at the institutional level. Additionally, the Union of Bioenergy Producers
(UDOP), representing the producers from Mato Grosso, Mato Grosso do Sul, Minas
Gerais, Paraná and São Paulo is another group which works in political representation
and capacity building for producers.
D-2.2) Biodiesel

Agropalma
The Agropalma Group, with production facilities concentrated in the Amazon region,
is the largest producer of palm oil in Brazil and sells most of its production to Petrobras. It recently opened a plant in Belém in the state of Pará to produce biodiesel
from palm oil refining residues, a process developed in conjunction with UFRJ. 95%
of the oily acids extracted from palm oil in the refining process can be used to make a
cheaper, glycerin-free biodiesel. The plant should have a production capacity of nearly
8 million liters per year, 3 million of which will be used to substitute for diesel used by
the company’s vehicle fleet.84
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The major biodiesel producers in Brazil are not yet as large as the ethanol producers,
but their capacity is growing. Cooperation between these companies and universities
appears to be developing.
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Biobras
The Biobras Group has four plants in different states with a total capacity of 65 million
liters. According to the group’s VP, José Luiz Cerboni de Toledo, the plants await the
National Petroleum Agency’s authorization to begin production of biodiesel. Another
4 plants were under construction and were to be ready by the end of 2005.85 To guarantee production, the group has been involved with planting smallholdings in Mato
Grosso for the past 3 years, under the supervision of the Ministry of Agrarian Development. The seeds are provided to farmers, and the purchase of plant production is
guaranteed at a minimum price. The group has also signed a technical cooperation
agreement with the University of Uberaba to improve seed quality and identify more
optimal regions in which to plant, both aimed at increasing the sector’s productivity.
Soyminas is also a member of the group.86
Brasil Ecodiesel
Brasil Ecodiesel employs a socially inclusive, cooperative-style cultivation model for
the provision of feedstock for biodiesel production. It is involved in one project with
the State of Piauí and Tecbio to produce biodiesel. In 2004, the project planted 58,000
hectares of castor beans using a production system belonging to Tecbio.87 The first
harvest took place in 2005, as did the inauguration of a processing plant with an annual capacity of 27,000 tons of biodiesel, capable of processing any type of vegetable
oil.88 It is also involved in project to study castor beans and set up a production plant
in Bahia with Petrobras and the French energy firm Dagris (see Biodiesel Funding for
more information).
Monsanto
Monsanto, a global company offering products and solutions for agricultural producers, invested roughly $500 million worldwide and $7.5 million in Brazil for research
and development in 2003.89 A subsidiary, Monsoy, commercialized and produced genetically enhanced soy under its RoundUp Ready Technology brand, for which it will
receive $100 million per year for the intellectual rights to the RoundUp Ready brand.90
The company also conducts R&D to increase both the crop and oil yields of soy, other
seed crops, and corn.
Additional Companies
Ecomat, or Mato Grosso Ecological Industry and Trade, is a production company with
a plant boasting a capacity of 14.6 million liters of soy-based diesel.91 Hidroveg Indústrias Químicas (HIQ), supported by UFRJ, produces biofuels from vegetable oils and
animal fats with partners UFRJ, FINEP, Petrobras, McDonalds, and the city of Rio de
Janeiro. Under the Rio Biodiesel Plan, the state anticipates a requirement of 8 million
liters of biodiesel a month. The state of Rio de Janeiro already has access to 6-millionliters worth of capacity through HIQ.
Biodiesel Funding
In additional to the Financial Support Program for Biodiesel Investments, funded by
BNDES, FINEP announced in July 2006 a $2.8 million fund to support the production
of biodiesel. This initiative also includes incentives for universities and Brazilian businesses to collaborate on R&D projects aimed at increasing the competitiveness of the
industry.92 Additionally, the Ministry of Agrarian Development allocated $24.8 million
to the cultivation of 150,000 hectares of castor beans, enough to supply 10% of estimated 2008 demand.93
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Roberto Fortuna Carneiro, head of technological and business development at the Science, Technology and Innovation Secretariat of Bahia, said that by 2006 five biodiesel
plants would be opened in the state with a capacity of more than 380 million liters per
year, most from cottonseed. Furthermore, the Secretariat plans to invest $8.2 million to
support research on the feasibility of biodiesel.94
The State of Bahia implemented an incentive program to promote biodiesel production
in 2003, which has attracted approximately $103 million in total private investment.
This program was the impetus for an investment made by Petrobras, Dagris, and Brasil
Ecodiesel to form a venture for the study and production of biodiesel in Bahia state.
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D-3) Technology/ Equipment Producers
D-3.1) Production Equipment
Several firms engage in the development of technology and equipment, and they often
collaborate with other firms to develop new processes of production.
Tecbio
Bioenergetic Tecnologies Ltd (Tecbio) supplies full industrial plants and smaller plants
for remote areas. Based in Fortaleza, it also has a biofuels production project in conjunction with the state of Piauí and Brasil Ecodiesel for the production of biodiesel
from any type of vegetable oil, employing ethanol or methane as a processing agent.
In late August 2006, Tecbio joined forces with NASA and US aerospace firm Boeing to
produce biokerosene for aviation use, a process it began testing more than 25 years
ago.95
Dedini Indústrias de Base
Dedini is a global leader in turn-key manufacturing of sugar mills and ethanol and
biodiesel production plants. It builds cogeneration and steam equipment, as well as
other integrated systems. It has installed more than 800 fuel ethanol plants in Brazil
(accounting for 80% of Brazilian ethanol production) and 17 overseas. It also had 10
new fuel ethanol plants in operation by 2004, producing over 4 million liters per day.
Dedini has developed the “Continuous Production Process by Dedini Ethylic Route”,
which is described as being well-suited to the Brazilian National Biodiesel Program
because of its lower cost and energy-consumption efficiency. It has also developed the
Rapid Hydrolysis Process (RHP) in conjunction with Copersucar. In conjunction with
the Italian firm Ballestra S.P.A., Dedini has produced exclusive technology for biodiesel
plants producing 10 – 100 thousand tons annually. There is also a plan under negotiation between the governments of Brazil and the UK to establish a biofuels program in
Africa, including the construction of a sugar and ethanol plant in South Africa to be
supplied with technology from Cosan and equipment from Dedini.96
In 2003, Dedini opened a process demonstration unit capable of turning bagasse into
ethanol. After decades of research and development, in collaboration with Copersucar
and with funding from FAPESP, researchers at Dedini and CTC were able to develop a
hydrolysis process to convert the cellulose in bagasse to ethanol. With its discovery, the
company projected that it would be able to increase the production of ethanol in Brazil
by 30%, adding an additional 5.4 billion liters to the country’s output. The advantage
of this new technology, named Dedini Rapid Hydrolysis (DHR), is its speed and simplicity. Traditionally, processes required the use of acids and took 5 hours to complete;
the DHR process requires less than 10 minutes and the use of an organic hydrosolvent
(ethanol, for example) and sulfuric acid. According to the company, an industrial plant
with capacity of 60,000 liters a day97 is to be completed by the latter half of 2007.

D-3.2) Auto Manufacturers
A number of automotive producers, including parts and systems suppliers, are involved
in the biofuels market by performing tests and research on biofuels use in vehicles.
These include montadoras, or car assemblers, most of which are foreign companies
(GM, Ford, Volkswagen, etc.) with Brazilian subsidiaries. Bosch, a German automotive
group that produces gasoline systems for flex-fuel cars, and Delphi, described below,
have been singled out by industry leaders as potential participants in public-private
partnerships and joint research efforts.
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Financing
Dedini also has its own R&D unit, which has been commissioned by Granol to design
and construct the first biodiesel plant to be integrated into a sugar and ethanol plant.98
In July 2006, Dedini announced the launch of a new business, Dedini Automation
Processes, and an inaugural joint venture with a German software development firm,
Proleit, to automate industrial processes and equipment used for ethanol production.
Financing information for the project has not yet been released.99
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Magneti Marelli
Magneti Marelli, an Italian automotive company specializing in the production of components and system solutions, supplies many of the world’s major auto producers.
With the assistance of Brazilian engineers, the company launched the Software Flexfuel
Sensor (SFS) technology, which allows people to drive on any blend of ethanol or gas.
Developing the SFS technology required four years and $3 million. The company is
the leader in the flex-vehicle market with a 58% share of Brazil’s domestic market, and
holds the top spot in Brazil for electronic injection systems with a 40% market share.100
Delphi
A US company and world leader in automotive solutions and systems technology, Delphi’s South American regional headquarters is in São Paolo. The company’s Brazilian
products include fuel and diesel systems and engine management systems. Delphi’s
technical centers in Brazil focus on research for engine management systems, including
ethanol use in vehicles.
There is ample private-sector activity aimed at biofuels development. Yet there is a distinct lack of public-private partnerships, particularly with Brazilian public universities.
Nevertheless, the private sector plays a significant role in conducting R&D for ethanol
and biodiesel development, and will likely continue to do so as the sector moves forward.
E) International Funding
International bodies, and particularly subsidiaries of foreign firms, have been active
in the Brazilian biofuels sector. The two major investors that have dedicated financing to Brazilian bioenergy R&D are Japan and France, discussed in previous sections.
Other international investors with proven interest in Brazilian bioenergy R&D include
Belgium, which is teaming with Dedini, Germany, England, and Peru, whose sugar
and ethanol company, Empresa Agraria Azucarera Andahuasi, is to invest $5 million
in new Brazilian bioethanol production technology.101
With regard to multilateral organizations, the Inter-American Development Bank has
invested more than $35 million in various broad-based projects including the following: AGROFUTURO, the Clean Tech Fund, Agricultural Biotechnology in Latin America and the Caribbean (LAC), Renewable Energy, Energy Efficiency, Carbon Finance in
LAC, Renewable Energy and Energy Efficiency in LAC. However, no fund has been
specifically designated for either R&D or education and human capacity strengthening
in Brazil’s ethanol or biodiesel sectors. Meanwhile, the World Bank and UN Development Program have funds that invest in the development of cogeneration, but again,
none specific to ethanol or biodiesel development.
Continued foreign investment in the Brazilian biofuels sector will provide added support to initiatives aimed at the sector’s expansion, and will likely be instrumental in
ramping up the R&D and production capacities of the ethanol and biodiesel industries.
In addition to financing, increased participation between private, foreign firms would
add value to the industry’s R&D activities, as would collaboration between Brazilian
and foreign universities and research institutions.
F) Conclusions
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F-1) Funding and Financing
One of the main challenges of the Brazilian R&D sector is overall funding. Brazil must
increase its spending on R&D to compete with some of the more developed countries
interested in developing their own ethanol capabilities and breakthrough technology.
To do this, the public sector will need to promote greater efficiency in, and coordination of, fund dispersal and the private sector will need to contribute more in terms of
supporting complementary public and academic sector initiatives in biofuels promotion and development.
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One of the main challenges of the Brazilian R&D sector is overall funding. Brazil must
increase its spending on R&D to compete with some of the more developed countries
interested in developing their own ethanol capabilities and breakthrough technology.
To do this, the public sector will need to promote greater efficiency in, and coordination of, fund dispersal and the private sector will need to contribute more in terms of
supporting complementary public and academic sector initiatives in biofuels promotion and development.
Public Sector
Addressing the bureaucracy surrounding R&D funding will be a significant challenge.
There is also some question regarding contingency versus non-contingency funds
where monies are, at times, too openly allocated; there is a need to be more specific
in identifying the targeted ends of the dispersed amount. Additionally, the sectoral
fund mechanism only partially covers investment in R&D for the biofuels industry.
Recommendations for addressing this issue include more focused allocation of funds
from existing sectoral funds, and potentially the creation of a bioenergy fund along the
lines of the other cross-sectoral funds. The development of greater linkages between
the R&D sector and regulating mechanisms has also been suggested to facilitate easier
utilization of the sectoral funds.
Private Sector
The private sector has contributed 70-80% of the funding that has gone into biofuels
R&D, but needs to engage in more collaborative research activities; enterprises must
be more involved in the dialogue regarding R&D focus areas for a given industry, and
in investing in education and skills training for the future benefit of their respective
business sectors. This ties in to the concern that there is not enough investment in human capacity building, including the development of a larger pool of strong, academic
researchers and scientists with advanced degrees.
F-2) Competitiveness
If the needed breakthrough in biofuels production is to be a universal one, Brazil will
need to organize, consolidate and modernize its R&D and education systems. Countries such as the US and China, as well as the EU and others, are all interested in developing their own indigenous capabilities and are putting forth large investments and
making deals to that end. Brazil cannot rest on its laurels, lest the country risk losing
its position as a front-runner in biofuels innovation and technology.

Scholars at UNICAMP, for example, have indicated that this re-orientation has begun
to take place in small steps, through the restructuring of the Ministry of Agriculture
and the creation of an agroenergy unit, for example; however, some advocate that this
be taken a step further, involving the major oil companies in fundamental discussions
about which direction the industry should head. In this scenario, the problems of the
biofuels sector would be re-defined in terms of how biofuels could provide a base for
transport fuel consumption on a global scale. In thinking about the breakthroughs
needed to push the bioenergy sector forward, this camp believes that if the sector remains rooted in the food industry, the breakthroughs would likely be feedstock-specific; however, if they are realigned with the energy industry, breakthroughs could be
more universal.
There is also the belief that a great deal of funding will be necessary to achieve the
technological breakthroughs necessary to keep Brazil at the forefront, breakthroughs
which should be based on the oil industry’s needs and which can be funded only
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Sector Orientation102
The current orientation of the biofuels sector is towards the food and agricultural industries; however, there is a school of thought that believes that the sector will need
to be refocused on the energy sector to truly develop into a high-volume, high-profit
industry. Incorporating oil companies into the discussion on planning for expansion of
the biofuels sector would have a dramatic effect on the scope and direction of the field’s
growth, and is one option which is under discussion.
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through the deep pockets of the oil majors. Some examples that illustrate the spending
power of large oil companies are investments by US petroleum companies ExxonMobil and Chevron of $100 million and $37 million respectively for US university-based
research on alternative transport fuels and greenhouse-gas emission reductions. The
UK’s BP is also investing $725 million for alternative fuels research in conjunction with
both US and British universities (see the next section, Education and Labor).
Coordination
A great number of biofuels projects and programs are underway in Brazil. Various
funds and agencies are in place to support the development of the sector and of new
industrial technology; all of these moving parts need greater coordination and synthesis to increase their impact. There is always a need for additional financing for projects,
but the funds available should also reach the agribusiness and research communities in
the quickest, most efficient and effective way possible. Coordination of funding activities, away from the heavy bureaucracy of government, could help to ease any bottlenecks in funding supply. For better coordination within the government, public-sector
insiders have suggested the creation an inter-ministerial committee to organize all of
the federal activities of the various ministries acting in the biofuels space, along with
their funds and promotion agencies.
The disconnect between Brazil’s business and research sectors, and the lack of a coordinated and cohesive national strategy, are significant obstacles in the country’s quest
to remain the foremost authority in biofuels technology and expertise. As outlined in
the beginning of this chapter, if Brazil were to fall into the trap posed by the boom in
ethanol, it would repeat the old pattern of major emerging-market nations becoming
commodity producers and exporters rather than creating the kind of high value-added
economies that produce better jobs and sustainable investment flows, and which leave
the country less vulnerable to inevitable commodity-market price fluctuations. While
Brazil has been a scientific and technological innovator in the past, and is today by far
the most efficient producer of sugar cane and ethanol in the world, the enormous flows
of capital that are likely to be directed into these areas worldwide suggest that an even
more intensive focus on innovation drivers and related coordination is required now.
F-3) A Center of Excellence
A Brazilian Biofuels Research Center would create a major focus point and symbol for
the development and growth of a more unified, coordinated and innovation-driven
biofuels sector. This type of center is in line with the current global trend of large-scale
collaboration for biofuels R&D:
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• The US Department of Energy has earmarked $250 million over five years for the
creation of two Bioenergy Research Centers by 2009,103 based in US universities,
with a focus on achieving the goals of the nation’s Energy Policy Act of 2005.
• BP is in talks with universities in the US and the UK to create the BP Energy Biosciences Institute, with an investment of $500 million, by the end of 2007.104
• The Energy Technologies Institute of the UK, dedicated to accelerating the development of low-carbon energy technologies, is expected to begin operating in 2008; in
addition to initial funding for the institute, the Department of Trade and Industry
is to provide $95 million (£50 million) each year over a period of 10 years starting in
2008-09.
• A separate Energy Research Partnership in the UK will raise a total of $1.89 billion
(£1 billion) over the next ten years, including matching funding from the private
sector; as of September 2006, EDF Energy, Shell, BP and E.ON UK have committed
to providing funds.105
If Brazil does not catch up with this global movement, it could fall behind, a reality
that Embrapa has already recognized by proposing the creation of its own central coordinating unit for R&D related to biofuels, with greater private participation and a
less bureaucratic mechanism for funding projects and initiatives. A Brazilian Biofuels
Research Center would create a major focus point and symbol for the development and
growth of a more unified, coordinated, and innovation-driven biofuels sector.
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Funding for this emblematic center could include:
• A Global Renewable Resources Institute as a platform from which Brazilian knowhow would be exported to other developing countries through various means, including academia, policy expertise and private sector investment;
• A Biofuels Human Capital Fund to support scholarships at international universities and attract global academic luminaries to work in Brazil; and
• A competitive fund to distribute grants for research and development in the private
and public sectors, promoting firm-university collaboration in biofuels;
• A facility to finance new ventures by technology-based firms in biofuels, possibly
including an incubator;
• A fund to support the development of new feedstock varietals and production processes, including second-generation technology, to facilitate capacity expansion;
• A policy-based loan to support regulations already in place to promote greater private participation in R&D, including tax incentives for equipment purchased for
use in biofuel R&D by firms and universities, economic subsidies, and government
procurement of technology generated through R&D activities.
There are already instances of Brazilian universities such as UFRJ incubating new companies, and research institutes like CTC are acknowledged worldwide for expertise in
the sector and for attracting foreign investors. Embrapa has conceptualized its own
fund, which would have contributions from both the public and private sector, and
which would become self-sustainable once the technologies developed were commercialized. The Brazilian Law of Innovation also promotes policy which invigorates innovation through incentives. The individual points of this outline are already in existence
in Brazil. What this center would offer is a central coordinating unit to streamline and
maximize industry activities, as well as provide a ramp up in funding, to achieve the
collectively desired outcome of sustainable, value-added growth of the Brazilian biofuels sector.
Annex: Global Comparisons
The National Science Board of the United States has produced a series of indicators to
rate the technological competitiveness of 15 countries across different regions with respect to technology exports. While consistently ranking above Mexico and Argentina,
Brazil also consistently ranks below fellow BRIC countries, India and China, as well
as other OECD countries. The following charts suggest that greater coordination and
promotion of innovation and technological advancement are needed in Brazil. The
four ratings are:106
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National Orientation measures the extent to which governments, businesses, and the
culture at large support and promote high-tech development. Ratings include expert
opinions on national strategies aimed at promoting high-tech development, entrepreneurial spirit, and social weight attached to technological change.
Chart 2b: Socioeconomic Infrastructure
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Socioeconomic Infrastructure measures the underlying financial and human resources,
as well as physical infrastructure, needed to support a technology-based nation. The
ratings are based on percentages of the population in secondary and tertiary education;
capital mobility; and the encouragement of foreign investment and business activity.
Chart 2c: Technological Infrastructure
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Technological Infrastructure

Technological Infrastructure measures the institutions and resources necessary for
the development, production, and commercialization of new technology. The rating
is based on the number of scientists active in R&D; national purchases of electronic
data-processing equipment; and expert ratings of domestic capacity to train in the Science and Engineering fields, to effectively use technical knowledge, and to link R&D
to industry.
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Chart 2d: Productive Capacity
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Productive Capacity

Productive Capacity measures the strength of a nation’s manufacturing infrastructure,
using that data as a benchmark for evaluating that country’s capacity for future growth
in the high-tech sector. The rating considers the availability of skilled labor; the number of domestic high-tech companies; the level of management ability; and the current
electronics production of a given country.
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2.2 Education and Labor
A) Introduction
Education is the cornerstone of any productive society. In the developed world, education and the strength of human resources drive innovation, prosperity, and continued
growth. This too should be the case with the developing world to help emerging nations break the cycle of poverty and achieve sustainable growth. Brazil’s biofuels sector presents an additional vehicle for the nation to address the issues of poverty and
inequality and promote civil and financial stability. It also provides the opportunity
to avoid the trap of commodity exportation with minimal value added to the economy
or society. If R&D is to be the path down which Brazil travels to secure its position
of dominance in the biofuels sector, education will provide the necessary stepping
stones.
This section of the report will examine:
• Linkages between education and the labor force;
• The current make-up of the biofuels labor sector and the labor requirements of the
biofuels sector including any gaps which need to be filled;
• The structure of Brazil’s education system and weaknesses in its coverage; and
• International comparisons as a frame of reference.
As the biofuels sector expands, there will be a general need for additional labor, including skilled labor to meet the specific R&D and technical needs of the industry.
Augmenting the country’s output of scientists, researchers and engineers, particularly
those with post-graduate education and specific training in biofuels issues, will be essential. As important is addressing the gaps in Brazil’s basic education system in order to improve rural agroindustry and augment the number and diversity of students
reaching the technical training and university levels.
B) Linkages between Education and the Labor Force
Examining the structure of the Brazilian education system is important in analyzing
the obstacles facing the biofuels sector as its labor needs grow.
Diagram 2.2a: Connection between Education and the Workplace
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There are a number of government proposals and programs in place to address systemic needs, but they must be placed in the context of the system as a whole as well as
that system’s linkages to the labor force. [Diagram 2.2a]
B-1) Structure of the Labor Market
The industry and service sectors dominate the Brazilian economy. In 2003-2004, services contributed 50% to Brazil’s GDP and accounted for 66% of the labor force. Industry
contributed 40% of GDP and 14% of employment. The agricultural sector employed
20% of the labor force but only accounted for 10.4% of GDP. [Table 2.2a]. Between 1994
and 2004, Brazil’s labor force grew by 1.5%,2 and in 2004, the country’s unemployment
rate was 9%.3
Table 2.2a: Structure of the Brazilian Economy (2004)

Agriculture
Industry
Services

% of GDP
(2004)
10.4
40.0
49.6

Ave. Annual
Growth % (2004)
5.3
6.2
-5.5

Employment
Breakdown % (2003)*
20
14
66

Source: World Bank; * World Factbook 4

As the agricultural sector employs the second largest percentage of workers, but yields
only 10% of GDP, value added to the agrarian sector through biofuels production will
play an important role in the country’s socio-economic development.
B-2) Biofuels Labor Requirements
The types of jobs required by the biofuels sector vary, although they do not differ a great
deal between the ethanol and biodiesel markets. Some basic education is required for
every area, and there are ascending educational requirements for the more demanding
and innovative job posts.
The biofuels industry requires four main categories of workers: 1) scientists and researchers; 2) managers; 3) laboratory technicians and support staff; and 4) biofuel cultivators and producers. The first two categories require the highest levels of educational
qualification and expert knowledge, usually provided by universities and advanced
centers of learning. Centers of research require well-trained support staff and laboratory technicians who have completed basic education as well as received specialized
scientific training. There is more variation in the educational requirements for cultivators and producers, but there is a positive correlation between level of education and
the productivity of small farmers.5
Agriculture
Sugarcane cultivation and ethanol production have a long history in Brazil. Processes
are well developed and in some cases very advanced. For example, there are mechanized harvesting and cleaning techniques for cane. The requirements for this type of
work include farmers with basic skills as well as personnel capable of operating the
machinery and managing quality control. A practical knowledge of farming is needed
as well as some training in agribusiness or exposure to mechanical technology.
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Due to government initiatives to promote social inclusion through the Social Fuel
Seal program, the biodiesel segment is more reliant on family cooperatives and thus
requires labor with more basic educational attainment to grow and harvest smaller
plots of castor bean, palm, soy and other feedstocks. Because biodiesel production is
concentrated in the northeast, where educational attendance and attainment is lower,
basic education and the development of basic functional skills are important barriers
to biodiesel production.
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Industrial Processing
For the processing and refinement of materials for biofuels production, the differences
between the ethanol and biodiesel segments are minute. According to industry experts, a typical processing plant would need no more than twelve employees in three
categories: operators, lab scientists, and supervisors. A plant operator would be required to operate heavy machinery and computerized systems and would most likely
need technical training, though not a university degree. Lab scientists run daily tests
to guarantee the quality of the fuel produced and would normally have at minimum a
degree in chemical engineering. A plant supervisor would also need at least a chemical
engineering degree to oversee the operation from the moment the crop arrives to when
it leaves as fuel.6
Research & Development7
The innovation pillar of this report has placed a strong emphasis on the need for continued research and development within the biofuels sector. To accomplish this, the
industry will require researchers and research assistants, as well as laboratory technicians, to monitor quality control and processes within research institutions. The types
of technology used for second-generation cellulosic production of ethanol and biodiesel differ from those used to produce traditional ethanol and biodiesel, which are also
different from each other. In addition to standard degrees in biochemistry, researchers
need training in different scientific specializations:
• Traditional ethanol is produced through fermentation often utilizing yeast as a catalyst; this type of work would normally require a PhD in microbiology, biochemistry,
or biochemical engineering.
• Traditional biodiesel production calls for the introduction of an acid or a base as a
catalyst; a researcher in this field would likely have a PhD in biochemistry or biochemical engineering as well as organic chemistry.
• Cellulose production of either biodiesel or ethanol is moving away from acidic conversion, due to high costs, towards enzymatic processing of cellulose materials; a
PhD biochemist or biochemical engineer would likely execute the introduction of
enzymes to induce the conversion process. A microbiologist would support this
process by identifying enzymes. A biochemical specialist in “proteomics”, analogous to genomics but focused on the study of proteins, would look at the structure
of an enzyme to see how it might be improved. A bioinformatics professional complements their work by using computer technology to build models and optimize
the enzymatic process.
• PhD molecular biologists and geneticists would study plant structure through DNA
and genomic analysis in an effort to improve feedstock. An advanced biotechnology degree would also be relevant to R&D work in the biofuels sector in terms of
developing processes of fermentation or catalytic conversion.

Flex-fuel Technology
Much of the automotive industry is now computerized; as with research labs, there
is a need for employees who are comfortable working with computers and who have
some training in informatics.8 A portion of the Flex fuel segment continues to conduct
R&D to improve the technology. Degrees in chemistry or chemical engineering would
be important in monitoring fuel mixtures and their effect on engine systems, and an
engineering background would be essential for those monitoring engine function.
Global Strategy
Outside of these core vocations, there is a need for professionals with expertise in other
fields. Professionals with a solid understanding of agribusiness management will be
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Within the hierarchy of a research facility, researchers and research assistants would
likely have advanced PhD degrees within their area of specialty. Production technicians, who oversee quality control and who might also liaise with feedstock producers,
would likely also have some superior training in engineering or microbiology, although
advanced technical training might suffice. Personnel who have training or a degree in
computer technology or informatics would also be an asset in this role, as many R&D
processes are now computerized.
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important. Persons with more specific energy specialties might participate in co-generation projects. Depending on how the sector develops and what linkages are created
to industry, professionals with a knowledge base in oil & gas markets would likely be
useful. As the biofuels sector becomes more global, there may be a need for expertise
in political and economic risk as well as geo-strategic analysis with respect to global
energy markets, although individuals with this expertise are already prominent in
Brazil’s education and private sectors.
B-3) Biofuels-related Labor Market Indicators
Scientists
Brazil’s science and technology sector is robust; according to Brazil’s Ministry of Science & Technology (MCT), in 2004, 1.5% of the Brazilian population (roughly 2.76 million people) had a science or technology occupation.9 There were 77,649 researchers
and 47,973 doctoral researchers in Brazil, who, combined, made up 4.5% of total laborers with science and technology jobs.10 There were also 335 research institutions and
19,470 research groups.
In the technology sector, more than two-thirds of professionals have advanced degrees;
however, nearly 3 times the number of managers and 6.5 times the number of technicians are without superior education training [Table 2.2b].
Table 2.2b: Breakdown of Labor Force with Technical Jobs (2004)

Total
Managers
Professionals
Technicians

Total
15,002
3,165
5,089
6,748

w/o Superior
Education
9,809
2,351
1,608
5,851

with Superior
Education
5,193
815
3,481
898

Source: MCT11

Whether or not this is significant for the expansion of the biofuels sector is debatable.
These numbers include all technology jobs, not solely the biofuels sector (no breakdown is currently available). Second, there is no evidence to suggest that workers
without advanced degrees are less productive than those with advanced degrees, particularly at the technician level. The sector has been quite successful with its current
structure, yet augmenting the numbers of workers with superior educational attainment would very likely increase its potential for achievement and growth. However,
increasing the education level of employees would likely increase salaries and thus operating costs, and perhaps hurt the industry’s competitiveness. Further study should
address whether the sector would benefit from more advanced-degree holders in existing positions. It is clear that as the sector expands and new positions are created, more
technically-oriented personnel will be required to fill those vacancies.
The ethanol sector can help illustrate projected future labor needs in the industry. There
are 340 ethanol refineries in Brazil employing a total of 4080.12 According to Unica, 89
new ethanol plants will come on line over the next four years, which will require an estimated 1,068 new workers, an increase of 26%. Considering the many other industries
that require trained biochemists, agricultural specialists and the like, it is apparent that
the skilled labor pool must expand.
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Agricultural Growers
The following section of this report will look at the structure of the Brazilian education system nationally. One of the issues that will be highlighted is the disparity between rural and urban, as well as regional, educational access and achievement. To
contribute in agroindustrial endeavors such as biofuels, agricultural growers must
possess basic education. Industry producers have identified the need for improved
basic education in the more rural and underprivileged areas where biodiesel feedstock
is being produced. Companies participating in the Social Fuel Seal Program, which
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aims to involve family agricultural producers, face literacy and functionality issues
when working with local farmers lacking basic education. Map 2.2a. highlights the
disparities in illiteracy rates between the north and northeast, the main target areas of
the Social Fuel Seal program, and the other regions of the country. This impediment
reduces efficiency and increases operating costs in these regions, increasing the burden
on companies investing in production.
Map 2.2a: Illiteracy in Brazil by Region/ State (Based on 2000 Census)
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C) Education in Brazil
C-1) Structure of Educational System
The education system in Brazil is divided into basic and higher education, with four
main categories: early childhood education, primary education, secondary education,
and higher education. [Table 2.2c].

Source: MEC, 2004
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The system also includes technical and vocational schools at the secondary and higher
education levels, not shown in the diagram above.
In theory, the entire public education system is free and mandatory. In practice, large
numbers of poor children are unable to complete even the first four years of primary
education because of the hidden costs of attending school, including school uniforms,
textbooks, and transportation as well as opportunity costs.
The Federal government is responsible for post-secondary education (universities),
municipalities for primary (or fundamental) education, and state governments for secondary education. The education system is highly centralized because resources are
distributed through federal agencies. There is little flexibility in terms of administration and curriculum generally, and schools in poor municipalities in particular have
very little autonomy.
C-2) Government Education Policy & Funding
In 2002, investment in education was 4.4% of GDP14 and 10.9% of total government
spending.15 In 2003, total public spending on education was roughly $25.2 billion.16
The Ministry of Education (MEC) oversees the financing and management of the Brazilian educational system with the support of the National Education Council (CNE)
and the National Commission for the Advancement of Superior Education (CONAES).
Neither total spending nor the nature of its distribution between the different levels
of education (primary, secondary and higher) and different administrative levels (municipal, state, and federal) is sufficient to address the structural problems embedded in
the system.
In recent years, primary education and public universities have been the priority [Chart
2.2a]. Current initiatives in these sectors include feeding children in school, providing
stipends for poor parents, distributing free textbooks to primary school children, and
making more financial aid available to university students. The current Lula administration has also made literacy a priority through the Brazil Literacy program, with a
budget of more than $100 million (2006).17 It aims to promote literacy among those 15
and older.
Chart 2.2a. Breakdown of Public Spending on Education (2001)

Primary: 30%

Pre-Primary: 8%

Tertiary: 22%
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Source: Unesco18
Source: Unesco17
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Historically, municipalities, and to a lesser extent states, have had a limited ability to
spend on public education (public primary schools are maintained by municipalities
and public secondary schools are maintained by the states). Generally speaking, richer
municipalities, states, and cities have better public schools with relatively well-paid
teachers and adequate physical infrastructure. Two relatively recent reforms, however,
demonstrate that reforms aimed at redistribution in educational finance can have an
immediate and far-reaching impact on the system.
The Federal Constitution of 1988 gave the municipalities greater autonomy in organiz-
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ing their education systems. It also changed the system of educational expenditure
to ensure that the division of tax revenues corresponded to the division of education
responsibilities between municipalities and states. The Constitution mandated that
25% of state and municipal revenues and 18% of federal government revenue were to
be allocated to education, 60% of which was to go towards primary education. Noncompliance with this mandate, however, has become the norm.19
The second important reform came through a 1996 Constitutional Amendment which
created the Fund for the Development of Elementary Schooling and Valuing of Teachers (FUNDEF) under the Ministry of Education. In each state, the Fund receives 15%
of all tax revenues, which is then redistributed among state and municipal governments. A minimum per pupil value is calculated and the money is allocated to state
and municipal education systems according to student enrollment. When states cannot meet this minimum expenditure, the Federal government is required to make up
the difference. Although the Federal government has not yet paid this amount in full,
FUNDEF has nonetheless had a significant redistributive effect on primary education
in the poorest north and northeast regions.
D) Primary and Secondary Education
As discussed, primary and secondary educational attainment has been identified as a
missing link in the biofuels production chain, particularly in the north and northeast.
D-1) Specific Issues
According to Former Education Minister Cristovan Buarque, Brazil suffers from three
major systemic problems: teachers’ salaries, absence from school, and educational
equipment and infrastructure.20 The following statistics demonstrate the ways in
which inadequate educational funding shape the educational environment:21
• Ninety percent of students in grades 1- 4 study in a school without a library and
more than 99% do not have a science laboratory. 65% of students in grades 5 - 8 do
not have access to a library and 95% do not have a science laboratory.
• Urban schools tend to have slightly better infrastructure than rural schools. Only
58.3 % of rural primary schools (grades 1 - 4) have electricity as compared to 99.8%
of urban schools.
• A greater number of rural secondary schools and primary schools (grades 5 - 8) have
electricity, 99.4% and 89.6% respectively, while only 5% of rural primary schools
have a library and fewer than 1% have a laboratory or access to the Internet.
Urban schools tend to have teachers with higher qualifications because they are able to
pay higher salaries. For the same reason, more teachers with higher qualifications are
found in secondary schools (which are administered by the state government) than in
primary schools. The combination of a lack of infrastructure and support and lower
salaries contribute to very high turnover, particularly for rural school teachers.

In 2003, the net enrollment ratio for primary education was close to 100% and the net
enrollment ratio for secondary education was close to 75%.22 However, failure and
drop-out rates are very high. A very small section of the population has access to tertiary education, and the gross enrollment ratio in 2003 was 20.1%.23 At least one-fourth
of children beginning primary school do not pass grade 4.
Greater disparities in terms of access and school completion become apparent when
the numbers are disaggregated by region, family income, rural-urban differences, and
race/ethnicity. In general, children and youth from the poorest rural regions (north and
northeast) and poorest urban regions (southeast), from the lowest per capita income
quintile, and black and indigenous children have the lowest number of years of schooling (4 - 5 years).24
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Other significant rural-urban, public-private, and regional disparities in duration and
quality of schooling include:25
• In 2001, less than 75% of children starting primary school completed the fifth grade.
The age-grade distortion rate was 25% in first grade, 39% in fourth, 46% in eighth,
and 51% in eleventh.
• The illiteracy rate was 3% among youth aged 15 -19 years and 12% within the whole
population aged 15 or more.
• In 2000, in the richest state, Sao Paulo, 94% of the population over 10 years could
read and write while in the state of Alagoas in the northeast only 68% were literate.
• In 1999, a little over 25% of workers in the northeast region had more than 8 years
of schooling as compared to 49% of workers in the southeast region.
The difference in quality of education is underlined by the regional disparities in
SAEB26 test scores for Mathematics and Portuguese. Students in the north/northeast
consistently score lower on these tests than students in the South/Southeast at all levels
of education. Factors that contribute to high test performance are: teachers with higher
education; number of hours of instruction, availability of libraries as well as teacher
salaries, and per-pupil public expenditure.
D-3) Key Policies and Programs
The stated objective of the National Education Plan is to make primary education universally available, to improve the quality of teaching at all levels, to reduce social and
regional inequalities with respect to access and repetition, and to increase public participation in the governance of schools and the management of the education system.
More specifically, the government has committed to:
• Provide mandatory education to all children ages 7-14 (primary education);
• Eradicate illiteracy for youth and adults;
• Increase the numbers of students in other levels of education including early childhood, secondary and superior education;
• Improve the status of the teaching profession and provide teachers with more training and support through continuing education, improved work conditions and adequate pay; and
• Develop information systems to support all levels of learning.
To this end, the government has set up a variety of educational support and funding
programs.
FUNDESCOLA (The Fund for Strengthening Schools) has focused on improving the
professional development of teachers and the quality of schools in specific urban and
rural areas. In some cases, the Fund also supports the acquisition of equipment and
furniture for schools in rural areas including agrarian reform settlements, quilombolas,
and indigenous communities. Between 1998 and 2001, FUNDESCOLA supported the
improvement of school buildings in 162 rural schools: 94 in agrarian reform settlements, 63 in indigenous schools, and 5 quilombola schools.27 It was implemented by
MEC in three phases in partnership with states and municipalities with money borrowed from the World Bank:
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1) Fundescola I ($125 million), approved in April 1998. The goal of the first phase was
to create a preliminary set of tools and support systems to improve school equity
and effectiveness28 and to increase public participation in school governance.
2) Fundescola II ($400 million), approved in June 1999. The second phase focused on
improving and expanding the changes initiated in phase one, extending the program to additional schools, and launching a more aggressive campaign to engage
the public sector.
3) Fundescola III, divided into two phases - Fundescola IIIA ($320 million), approved
on June 2002, and Fundescola IIIB ($450 million), which was scheduled to begin in
July 2006.
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The underlying belief of the project was that greater parental and public participation
in, and ownership of, the school system, coupled with well-aligned school policies and
a reduction in infrastructural disparities, would enhance the system.29
Escola Ativa focused on the development of a pedagogy for rural schools, creating
multi-grade schools while resisting traditional, rigid pedagogies. It was modeled on
the Escuela Nueva project in Colombia and funded through the North-East Project
of the World Bank. Beginning with 69 schools in 1997, the Project reached some 3609
schools, 4300 teachers, and 96,122 students in 558 municipalities by 2003. The majority
of schools were in the northern region followed by the regions in the central east and
the north. According to the 2002 School Census, the program has reached approximately 13.5% of multi-grade schools. An evaluation study by the United Nations Development Program in Brazil (PNUD) found that both teachers and students became
more actively engaged in learning activities; that there were improved relationships
between parents and schools; that the rotation of teachers declined; and that autonomy
for the persons and institutions involved in school administration increased.30
Proformação (In-Service Training Program for Teachers) is a secondary education-level, distance-learning course for teachers in state and municipal schools in the north,
northeastern and central-eastern states. It is implemented by state and municipal secretariats of education in partnership with the federal Secretariat for Distance Education (SEED) and has reached some 27,372 teachers in 1107 municipalities in 15 states,
mainly in the north, northeast and central-east regions of the country.31 An external
evaluation study found that more than 80% of teachers reported an improvement in
their teaching practices as a result of the program.
Additional programs such as the Money Direct School Program (PDDE), created in
1995 to support basic education, and the High School Maintenance Project (PMEM)
of 2004, support the basic education system with budgets of nearly $161.6 million and
$2.8 million respectively.32 The High School Improvement and Expansion Program
(Promed) is financed with 50% contributions from both the Inter-American Development Bank (IDB) and the Brazilian Ministry of Education. With a total budget of $220
million, $39.3 million in funding comes from the Brazilian Treasury and $70.7 million
from the states (this arrangement expires in January 2007).33 These programs also focus
on improvement of the system of basic education.
The Brazilian government has also recognized the social constraints affecting the education of Brazil’s youth, and has created programs to address them. The National
School Nutrition Program seeks to provide children with adequate nutrition to augment their performance and capacity, as well as teach them healthy eating habits. It has
a budget of $692.6 million for 2006.34 Bolsa Escola, carried out with cooperation from
UNESCO, grants a stipend to under-privileged parents who keep their kids in school
and in good health.

• Pre-service and in-service training and support for mathematics and science teachers such as the program called Gestar, or Management of School Learning, and the
university-based Proformação (participating universities for mathematics and science education include UFPA, UFRJ, UFES, UNESCP, and UNISINOS).
• Environmental education in public schools sponsored by the National Policy on
Environmental Education.
• The School Textbook Evaluation Program (PNLD) which targets five components of
the curriculum (first - eighth grade) including mathematics, science, history, geography and Portuguese language.
Education technology such as TV Escola, a satellite television channel, and Radio Escola, a radio project dedicated to education, also enrich the teaching-learning process
and bring public schools into the digital world.
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The reform initiatives for math and science education35 are of direct relevance to the
biofuels discussion. Existing initiatives geared towards improving the quality of math
and science education at the primary and secondary levels include:
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E) Professional Education: Technical and Vocational Schools
The professional education system in Brazil focuses on providing training and continuing education to persons currently employed, including technical training and
graduate and post-graduate learning.36 Technical and vocational schools can also serve
as an alternative to secondary school. Recent reforms divided this kind of education
into three levels: basic, technical, and technological. The first two categories require
advancement through the first two levels of basic education. These schools provide
technical training and also cover the regular secondary education curricula. The third
category of technological education provides career-training opportunities.
Historically, urban, government-sponsored technical schools maintained by SESI (Industrial Social Service) and SENAI (National Service for Industrial Learning) have
received funds from industries to run courses tailored to the market. SENAC (the
National Service of Commercial Learning) is another professional training institution,
present in all states and offering training in a variety of sectors.37 These schools offer
an alternative to a full degree program, and are usually attended by underprivileged
students.
Outside of these learning centers, the Federal government maintains a network of technical schools considered the best in Brazil. Reforms have transferred responsibility for
technical and vocational education, but public administration continues to be involved
through partnerships that fund private institutions.38
E-1) Specific Issues
The agriculture sector, though employing 24.2% of the population, has much lower
levels of educational enrollment. Although a vocational education system (SENAI and
SENAC) was founded for the secondary and tertiary sections in the 1940s, the federal
government only established an agency devoted to the rural sector in 1991. The stated
mission for SENAR (National Service for Rural Apprenticeship) was to develop rural
occupational training and social promotion activities for men and women who work in
rural areas. Specific goals included:39
• To organize and manage rural occupational training and social promotion of rural
workers in the national territory;
• To support employers’ entities in organizing and developing training programs at
the workplace;
• To establish and spread rural vocational training and social promotion methodologies;
• To coordinate, supervise and control rural occupational training programs and
projects; and
• To support the federal government in issues regarding rural occupational training
and social promotion.
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SENAR recognizes that vocational training in rural areas needs to take into account the
realities of the rural sector, including the fact that workers tend to have lower levels of
general education and can seldom leave their workplace. The population is also highly
scattered and employers often do not realize that education can increase productivity.40
All courses and projects are offered to rural workers rather than employers. The majority of workers reached by SENAR to date work in cattle raising, extractive exploitation
of animal and vegetable resources, agro-industry and agriculture. In many instances,
SENAR combines literacy education with occupational training. Another focus is the
preparation of workers, particularly medium and small producers, to improve productivity and expand output. In this context, SENAR has formed an effective partnership
with SEBRAE (Brazilian Micro and Small Business Support Service) a public, non-governmental organization that supports small, medium, and individual businesses.
E-2) Indicators
The Federal Institutions of Educational Technology comprise a network of 139 schools,
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including:
• 36 Federal Agricultural Schools (EAF), which provide vocational education in the
area of agriculture;
• 34 Federal Educational Technology Centers (CEFET), which administer undergraduate and postgraduate courses that train technicians and specialists in technology
as well as teachers and specialists in vocational and technical education;
• 30 Vocational Schools linked to federal universities that offer courses in both agriculture and service industries; and
• 38 Decentralized Education Units (UNED), which are schools that have their own
premises but have administrative, pedagogic, and financial ties to CEFETs.
As shown in Map 2.2b., these institutions tend to be concentrated in the industrialized
regions of south, southeast and central-east Brazil.
Map 2.2b: National Network of Professional Education
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There are also a large number of private providers of technical courses, especially directed at training for mid-level workers in production industries. According to the
2003 School Census, a total of 589,383 students are enrolled in vocational education.
Of this number, 25% attend health-related courses. Other areas with large numbers of
students include industry, management, computing and agriculture.
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Table 2.2d: School Census – Enrollment in Technical Courses by Administrative Authority, by Area of Employment

Federal Unit
Brazil

Technical Area
Total
Agriculture
Art
Communications
Commerce
Civil Engineering
Social Development/Leisure
Design
Geomatics
Management
Personal Appearance
Industry
Computing
Environmental Studies
Mining
Chemistry
Fishery
Health
Telecommunications
Transport
Tourism and Hospitality

Courses by Administrative Authority
Total
Federal State
Municipal
589,383 79,484
165,266 19,648
39,135
20,477
12,655
958
5,782
241
1,528
332
4,063
0
738
284
6,676
389
1,574
205
13,767
6,357
5,145
381
6,733
234
1,663
214
5,997
644
2,029
9
1,403
985
378
87,407
3,013
15,421
8,309
963
187
0
109,559 20,814
35,714
2,436
82,969
8,066
18,230
2,358
6,618
2,388
1,420
98
1,318
753
210
18,068
3,633
5,977
1,570
358
329
29
174,073 5,165
25,104
1,965
12,536
2,317
2,757
112
1,378
435
455
10,580
3,057
4,239
417

Private
324,985
5,045
3,681
3,041
4,508
1,884
4,622
3,315
40
30,664
776
50,595
54,315
2,712
355
6,888
141,839
7,350
488
2,867

Source: MEC/ INEP/ DEEB

It is notable that the number of courses providing technology training increased 74.7%
between 2000 and 2002 according to MEC/INEP. Enrollments in technology courses
increased 29% during the same period. The number of students completing these
courses has also increased by almost 20% since 1999. The top three technology courses
in terms of student enrollment are Data Processing, Technology in Computing, and
Technology in Mechanics (see Table C in the Appendix).
E-3) Key Policies and Programs
Recognizing the importance of professional education and technical training, the Brazilian government has for several decades implemented a series of skills-development
programs. In 1990, Brazil set up its first National Secretariat for Educational Technology, now known as the Secretariat for Professional and Technological Education
(SETEC). Five years later, the federal government established the National Plan for the
Further Training of Workers (PLANFOR), which works with unions, private organizations, and state and municipal governments to offer a variety of relatively short and
inexpensive training courses to urban and some rural workers.
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Currently, SETEC is working to define government responsibility for the sector, encourage the provision of places and courses according to local and regional needs, and
implement the National System of Vocational Qualifications. It also administers Escola
de Fábrica (Factory School) jointly with the Ministry of Education (MEC), with the objective of including youths from low-income families in the labor force. Private-sector
entities are encouraged to participate by forming partnerships with public agencies or
nonprofit organizations recognized by MEC.
Other programs include the Professional Education Expansion Program (Proep), which
aims to provide greater autonomy, flexibility and resources to students. The Ministries
of Education and Labor participate in a 50/50 initiative with the IDB on this program
as well, giving the program a budget of nearly $185 million this year. There is also a
human-resources development component to the program.41
In collaboration with UNESCO, there is also an initiative underway to explore whether
the Federal Centers for Technology can be transformed into technological universities.
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The four UNEVOC (International Center for Vocational and Technical Education and
Training) Centers in Brazil, the Federal Centers for Technology Education of Minas
Gerais, Rio de Janeiro, Paraná, and Bahia, are key partners with the Brazilian Ministry
of Education in this effort to improve the quality of technical and vocational education
and training in the country.
Much more remains to be done, and one major criticism of the technical training sector
is that the vocational system is too small and the process for obtaining accreditation for
new institutions is too bureaucratic.42 Reforms in vocational education will need to
avoid the pitfalls of traditional “shortcut methods” such as offering one-off, short-term
courses, investing too little in training technical teachers, and neglecting institutional
support for training centers. A strong focus on short-term employability adversely affects quality and the long-term capacity of providers.43
F) Higher Education
Most students leaving secondary school do not have any technical training and must
attend a university to obtain a diploma. Acceptance to public universities is based on
merit; students must take an entrance exam, which can vary by university, called a
“vestibular”. Students who can afford to do so attend expensive private study courses,
dubbed “Cursinhos”, to prepare for this exam. The majority of students in the elite
public universities are graduates of the private school system.44 There are several other
types of higher education institutions.

Types of Higher Education Institutes
Universities: Standard, multi-disciplinary public or private institutions that
train high-level personnel and conduct regular teaching, research and extension activities.
Specialized Universities: Public or private institutions offering high-level
teaching in a focused area of knowledge or professional training. They provide
opportunities for teaching faculty to obtain additional qualifications.
University Centers: Multi-curricular, public or private higher education institutions offering high-quality teaching as well as qualification-enhancement opportunities for teaching faculty.

Integrated faculties: Public or private superior education institutions with
multi-curricular interests housed under a unified program. They offer courses
at various levels, including undergraduate, and specialized courses and postgraduate programs (master’s and doctorate).
Isolated faculties: Public or private educational institutions, with curricula
linked to a variety of knowledge areas, which enjoy independent administration and direction. They also offer undergraduate, and specialized post-graduate courses and programs.
Source: Consultores, 27
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Federal/Technical Education Centers: Public or private multi-curricular superior education institutions, the Federal Technological Education Centers (CEFET) and Technological Education Centers (CET) offer technological education
at different levels and through different methodologies. Their aim is to provide
higher-level technological education to prepare workers for various sectors of
the economy where they will participate in the research and development of
new processes, products and services closely linked to the manufacturing sector.
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F-1) Specific Issues
NGOs have begun to offer special preparatory programs called Pre-Vestibular for
Blacks and Indigent Populations (PVNCs), at low or no cost to disadvantaged students.
These students face tremendous obstacles to learning, even after they gain entrance to
elite public universities. Public universities do not charge fees but there is little support available for buying textbooks and defraying the cost of living. In addition, some
students require tutoring and other forms of academic support in order to perform
well in the university environment. A few universities have introduced affirmative action-type elements into their admissions system but these mechanisms focus on admissions and provide few services to help disadvantaged students complete their course
of study successfully.
Current trends in university enrollment do not bode well for the biofuels industry.
There are more students enrolled in the “soft sciences” such as business, the humanities, and education than in fields relating to science and technology. Graduates of science, mathematics, and computing fields only constitute 9% of the total number of
graduates from public institutions and 7% of those from private institutions. There
are two main explanations for this phenomenon. First, there are a limited number of
slots in science programs due in part to the high costs of laboratories and other equipment. In private institutions, non-science courses are cheaper.45 Cost and funding are
therefore integrally related to the demand for and supply of educational instruction,
particularly the kind and quality that will be needed for the expansion of the biofuels
sector.
F-2) Indicators
Some other key indicators for higher education are:46
• In 2004, there were 2,013 superior education institutes (universities, faculties, and
institutes) in Brazil. 719 were located in the capital, and 1,294 in the interior. Of
those, 224 were public and 1,789 were private.
• Within those institutions, there were 2.32 million vacancies in 2004, up nearly 15.8%
from the year before. More than 5 million students applied for those positions, representing a demand increase of 3.1%. In total, 1.3 million new students joined those
already matriculated, bringing the total to roughly 4.164 million.
• Of students enrolled in 2004, more than 680,000 (16%) were in the programs most
relevant to biofuels (Science, Mathematics & Computation and Engineering, Production & Construction).
• There are very low numbers of blacks and indigenous students in higher educational institutions.
F-3) Key Policies and Programs
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Brazilian higher education is undergoing some far-reaching reforms under the umbrella of PROUNI--the University for All program. These reforms have been prompted by
the fact that universities currently offer places to less than 10% of eligible students each
year. There are also serious concerns about quality, particularly from the private sector.
Federal and state universities have historically offered students an excellent education,
but a 24% cut in annual funding and a 70% cut in infrastructure investment between
1995 and 2002 have led to deterioration in quality.47 Research in science and technology has suffered from the reduction of public spending and outsourcing to the private
sector, as well as from a reorientation towards commercial goals.
The challenge facing the system is to increase access to higher education, specifically
among students from disadvantaged backgrounds. The MEC has a comprehensive
reform plan for the higher education system that includes more than 48 expansion
programs planned through 2007.48 Initiatives that are underway have focused on making financial aid available to students who wish to pursue higher education. Some of
them include:
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• Superior Education Student Financing Program (FIES). Since September 2005, the
government has financed 50% of the costs for students in need with the student
paying the additional 50% directly to the school.49
• ProUni (the University for All Program). Provides students with grants for coursework undertaken in private higher learning institutes. In its first round, 112,000
grants were offered to students in 1,142 institutions, and the program aims to offer
400,000 more over the next four years.
• SINAES (the National System of Higher Education Evaluation). Seeks to improve
quality across higher education through external evaluations carried out by a committee of specialists as well as guided self-evaluations by the institutions themselves.
The program has opened up more spaces in the educational system, primarily in private
higher education institutions. The government hopes that this will move the country
closer to the national education plan’s goal of enrolling 30% of the 18-24 population by
201050 (only 9% are enrolled now51).
Other initiatives include increasing the federal budget for public higher education, hiring more professors, providing professional development training, improving current
infrastructure and equipment, building new facilities, and increasing access for black
and indigenous students (in part through UNIAFRO and PROLIND).
The initiatives of the Ministry of Science & Technology (MCT) are particularly relevant
to education and professional development as it relates to the biofuels sector. According to the Brazilian Embassy in the United States, the National Council of Science &
Technology Development (CNPq) has traditionally supported roughly 50,000 fellowships and scholarships in Brazil, including 20,500 grants for undergraduates; 3,500 for
specialized and advanced training; 11,000 graduate scholarships; 5,000 doctoral and
post-doctoral fellowships; and 10,000 research grants. Additionally, the Ministry of
S&T and CNPq support approximately 2,100 fellowships outside of Brazil, including
1,800 doctoral fellowships and 300 post-doctoral fellowships.52
.
G) Partnerships for Educational Development
There are several initiatives sponsored by both the government of Brazil and various private and non-profit organizations to promote greater educational achievement
throughout the country that are relevant to the biofuels industry.
G-1) Advanced Education

Instituto Ayrton Senna designs, implements and evaluates “social technologies”,
which are used to improve educational methodologies and management strategies and
implement educational programs at the public policy level. The institute’s programs
have reached 25 states and invested more than $68 million (R$146 million). The Ayrton
Senna Advanced Center of Social Technologies has trained nearly 25,000 educational
professionals.
G-2) Agrarian/Rural Education
ABEAS (The Brazilian Association of Superior Agricultural Education), a non-profit
organization based in Brasília, conducts advanced courses in the agrarian sciences and
is recognized by the National Council of Education (CNE). Its objective is to promote
the development of advanced agriculture education and distance learning, and it has
been one of the main instruments in this effort.54
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CAPES (the Coordination for Superior Level Development) serves as a tool for the
university community, seeking to develop standards of academic excellence, which go
beyond masters and even doctoral-level study, through observation and examination
of the superior education system. The organization helps to formulate policy based
on the results of its evaluations and provides scholarships, stipends, and support programs to that community.53
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EMBRAPA is engaged in numerous technology transfer and education programs
throughout the country. Examples include the Embrapa and School Programs, which
aim to promote the importance of science & technology in daily life by exposing students to research and allowing them to visit Embrapa.55 In just two years, Embrapa
professionals trained 304 technicians from the Bank of Brazil to work on agricultural
finance with farmers. Additional programs are executed in conjunction with the Brazilian Service for the Support of Small and Medium Enterprises (SEBRAE), and in partnership with foundations in the states of Maranhão, Bahia, Mato Grosso, Mato Grosso
do Sul, Goiás, Paraná, Rio Grande do Sul, Minas Gerais and Distrito Federal. These
partnerships have helped increase soy and corn cultivation.56
NEAD (the Agrarian Studies and Rural Development Nucleus) is a technical cooperation project between the Ministry of Agrarian Development (MDA) and the InterAmerican Institute for Agriculture Cooperation. It seeks to evaluate, develop, and improve rural development policies geared towards agrarian reform, family agriculture,
and sustainable rural development.57
SABERES DA TERRA, or “Land Knowledge”, is a program which involves the Ministries of Education, Labor & Employment, and Agrarian Development, and works to
widen the scope of professional development in rural areas, focusing on education and
training for farms. There are approximately 32 million Brazilians working in rural areas, and this program seeks to provide a portion of them with technical training that is
enriching and relevant to their surroundings. Like several of the government biodiesel
initiatives, the pillars of the project are family agriculture and sustainability.
G-3) Biofuels Specific
RIDESA (The Inter-university Network for Sugar-Ethanol Development) comprises
seven federal universities (Parana, São Carlos, Viçosa, Rural/ Rio de Janeiro, Goiás,
Alagoas, and Rural/ Pernambuco) which have signed an agreement to develop research for biofuels sector improvements. There are twelve “experimental stations”
strategically located in states where sugar cane production is significant. Most studies
are done at the graduate or PhD level with an emphasis placed on research related to
the Sugarcane Genetic Improvement Program (PMGCA).58
G-4) Private Sector
Overall, a number of educational and professional development programs exist to help
improve the effectiveness of Brazil’s education system. Private sector participation,
however, is only beginning to gain momentum. This section has demonstrated that
there have been efforts to link education and training to industry needs but that significant room for improvement exists.
The biofuels industry already enjoys close links with the current Lula administration
and, as discussed in the R&D section, public-private collaboration on biofuels development is increasing, though primarily at the university level. The industry now needs
to develop close ties with federal and local education agencies as well.
H) International Comparisons
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An international perspective supports the case for further investment in education and
training. Brazil lags behind OECD countries and also the “East Asian Tigers” which
emerged in the 1990s as development success stories. The economic achievements of
South Korea, Singapore, Hong Kong, and Taiwan were based on export-driven growth
plans with an emphasis on universal access to education and open market access.
There are also comparisons to be made within Latin America and the Caribbean (LAC),
specifically with Chile, the region’s own development “tiger”, and Mexico, which derives economic benefits from its close relationship to the United State but still suffers
high poverty and inequality rates.
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H-1) Educational Attainment
30% of Brazilians between the ages of 25 and 64 have achieved some level of secondary
education. The average for OECD countries is 67% (Korea is at 74%), and Brazil falls
between Mexico and Chile in this category, which scored 23% and 50% respectively.59
Brazil’s shortcomings in this respect have not gone unnoticed, as recent government
programs to expand secondary education indicate.
H-2) Spending
Brazil’s basic (through secondary) education system suffers from a lack of financial
and teaching resources, as well as from the external effects of poverty. More efficient
spending on educational infrastructure, equipment and teacher qualification, as well as
incentives aimed at keeping underprivileged children in the educational system are of
vital importance. Brazil actually spends a slightly higher percentage of GDP on education than Korea and Chile, investing 4.7% to Korea’s 4.6% and Chile’s 3.7%. Yet Brazil’s
spending per student is far below that for Chile and Korea, not to mention the OECD
average, for primary, secondary and overall spending. The only exception is Brazil’s
spending on tertiary education, including advanced research, which surpassed that of
Chile and Korea and almost reached the OECD average [Table 2.2e].60
Table 2.2e: Annual Expenditure on Educational Institutions per Student – 2003*
Korea
Chile*
Brazil*
OECD Average

Primary
3,642
2,163
879
5,511

Secondary
5,697
2,249
1,134
7,040

Tertiary
6,302
7,090
10,167
11,422

Primary –Tertiary
5,095
2,908
1,256
6,916

Source:
OECD61, *Values are for 2003 or closest available; for Chile they
Source: OECD62; * Values are for 2003 or closest available; for Chile they are 2004
are
and for
Brazil, 2002.
and2004
for Brazil,
2002
Total expenditures on education, as well as the ways in which resources are allocated
within the system, must be considered a vital part of the expansion puzzle.
H-3) Output of Scientists
Brazil faces a deficit in the its output of graduates in the science and engineering fields.
Table 2.2f and Charts 2.2b and 2.2c show that the social sciences attract more students
in Brazil than any other discipline, which is not the case for North America, Europe,
or Asia.

Exact Earth Sciences
Biology
Engineering & Informatics
Agrarian Sciences
Applied Social Sciences
Multi-Disciplinary
Total

2002
Masters
2,270
1,763
3,227
2,324
4,426
1,011
15,021

Doctorate
746
894
818
785
614
79
3,936

2003
Masters
2,408
1,927
3,798
2,577
5,154
1,423
17,287

62
Source:
Source: MCT
MCT64
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Doctorate
913
1,028
1,023
1,026
736
121
4,847
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Chart 2.2b: Degrees Earned in the Science Fields (2002)
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Chart 2.2c: Doctoral Degrees in Asia, Europe, and North America, by Field (2002)
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Brazil also lags behind several OECD countries in the graduation of engineers.
Table 2.2g: Graduation of Engineers as a Percentage of the Population
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Country		
South Korea
US		
France		
Germany		
Brazil		

Per 1000 Inhabitants
0.802
0.22
0.33
0.33
0.08

Source: Com Ciência63

These figures suggest that greater support and promotion of the biological and chemical sciences, as well as engineering, is needed in Brazil if it is to compete with other
regions for technological dominance in the biofuels sector.
H-4) Collaboration between Universities and the Private Sector
Linkages between the biofuels industry and education are gradually increasing, but
there are still strides to be made. If the country is to keep pace with the US, Europe and
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Asia it will need to match those countries’ efforts in collaboration with academia and
the private sector. There are several examples around the globe of such collaboration,
including large investments by private companies for biofuels research and development at universities. Some representative examples include:
• The collaboration between Novozymes, a leading biotechnology company in Europe, and the Technical University of Denmark (DTU) on a new pilot plant for the
production of second-generation ethanol; and
• The partnership between the Tsinghua University (China) and the China National
Cereals, Oils and Foodstuffs Import & Export Corporation (COFCO) to serve as
joint organizers of the World Biofuels Symposium 2006 in conjunction the Department of Agriculture of the University of Minnesota (US).
Some larger-scale efforts include:
• Investments of $225 million from BP and $100 million from ExxonMobil made to
Stanford University in June 2006 for an energy research program aimed at reducing
greenhouse gas emissions.64
• An investment of up to $25 million by the Chevron Corp. made to researchers at
the University of California, Davis to develop, over the next five years, renewable
transportation fuels from cellulosic material such as farm and forest residues, urban
wastes, and energy crops.65
• An investment of up to $12 million, also by Chevron, to the Georgia Institute of
Technology, for research into alternative fuels over the next five years.66
These projects represent two of the latest trends in biofuels development: large-scale
partnerships between universities and private companies and increased participation
by major oil companies in the biofuels sector. This kind of collaboration between the
Brazilian private sector and university system does not yet exist. Petrobras is involved
in the Brazilian biodiesel and ethanol industries, including through its own research
unit CENPES, but large-scale collaboration with a Brazilian university has yet to be
seen.
I) Conclusion
The most pressing issues facing the Brazilian biofuels sector with respect to education
are:
1) Deficiencies in basic education in Brazil’s north and northeast, due in large part
to regional disparities in income and educational spending, the repercussions of
which impact biodiesel producers in these areas;
2) The availability of a labor force with technical training to operate in various capacities within the expanding biofuels value-chain; and
3) The output of scientists and engineers in the disciplines relevant to biofuels feedstock development and production processes.

Cultivation and production - The provision of basic education and literacy as well as
agricultural training to farmers and machine operators, particularly in the northeast,
where literacy rates are the lowest in the country.
Industrial processing - The provision of basic education and advanced technical training for plant operators in ethanol and biodiesel processing plants, including pre-service
and in-service training to ensure that workers are current with the latest technologies
and innovations in the field. Plant supervisors and lab scientists require at minimum a
degree in chemical engineering and/or agribusiness management.
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These issues affect all levels of the Brazilian education system, and policies aimed at
bridging these gaps will be a key element of an overall development strategy for the
sector. In particular, the education and biofuels sectors need to work together to address the following challenges:
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Research and development - Training to produce highly qualified support staff and
management-level workers with minimum degrees in engineering, computer technology or agribusiness management; and researchers with advanced doctoral degrees in
fields including including microbiology, biochemistry, biochemical engineering, bioinformatics, and organic chemistry.
Flex-fuel Technology - Training to produce technologically adept support staff as well
as scientists for the laboratories of the automotive industry.
Collaboration
As discussed, there is inadequate collaboration between the private sector and educational institutions. A continued failure to develop this cooperation may hamper
Brazil’s ability to realize its potential not only as a producing powerhouse, but also as
a technological leader in biofuels.
Increased participation by oil companies in the biofuels sector has been discussed elsewhere in this report (and particularly in the R&D section) and must be reiterated here
with respect to education. The international collaborations discussed in this chapter
should be a model for and a challenge to Brazilian industry.
I-1) Recommendations
In presenting these recommendations, it is necessary to emphasize that educational development is not linear in nature. Some kinds of education, and particularly scientific
training, require a long lead time. One cannot hope to change one set of educational
institutions and practices without making inputs into related institutions and practices.
With these caveats in mind, the following recommendations are presented to assist
with systematic planning and cost discussions, keeping in mind both short-term and
long-term goals listed below.
I-1.1) Centralization and Coordination
One of the most effective educational models identified by a roundtable discussion at
the World Economic Forum67 was the engagement of domestic corporations, industry
associations, and foreign investors in basic education through coalitions working in
partnership with government ot enhance regulatory reform, policies, and incentives.
Collaborations of this type can be effective in basic education as well as technical training and higher educational programs.
This finding is in line with the proposal of this report for an emblematic biofuels center,
which would include:
• A policy-based loan to support reforms such as the education and training framework to create a sufficient supply of skilled labor for the sector;
• Competitive grants for teaching institutions in biofuels-producing regions to set up
new programs in biofuels, responding to clearly identified local human resource
demands in the sector;
• A human capital fund to support scholarships in international universities and attract global academic luminaries to work in Brazil; and
• A competitive fund to distribute grants for research and development in the private
and public sectors, promoting firm-university collaboration in biofuels.
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This type of cohesive, collaborative effort would be instrumental in helping Brazil
achieve its expansion goals and achieve the status of biofuels technology expert and
exporter.
In addition to funding for a Brazilian Biofuels Research Center, the IDB should consider providing $20 million for technical training, as well as literacy and basic skills programs, for rural laborers in the biodiesel sector in the northeast. Additional funding
could be matched by the Brazil government and incorporated into its national biodiesel
program. This estimate is based on the $90 million+ the IDB has put towards the Brazil-
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ian professional education program, Proep, which is broader in scope. An additional
$50 million should be considered for scholarships in higher education institutions, to
be augmented by private donations, in the science and engineering fields relevant to
biofuels production. The IDB could also provide technical assistance in promoting
the sciences more universally and in attracting greater private sector investment to
universities.
I-1.2) Short-term goals
1) Build human capacity: world-class engineers, scientists, technicians, and managers
will be needed to strengthen and expand ongoing R&D initiatives
2) Retain current science graduates as well as scientists and researchers already in the
field
3) Attract world-class researchers
4) Create more research centers in the north and northeast of Brazil
5) Encourage scientific entrepreneurship
6) Provide technical training for labs and processing plants, and agricultural training
for small sugarcane producers
7) Develop greater linkages between the business community and university
The current administration has prioritized reforms in both higher education and vocational and technical education; the success of these reforms will help determine whether Brazilian workers are able to rapidly learn new technologies and become innovators
in their own right. Achieving this will require flexible systems that enable trainees to
move beyond the conventional curriculum, the lecture room and the workshop, and
into the laboratories and workplaces of the businesses that are practicing those technologies. Education, human resource development programs, and adequate provision
of infrastructural support are all vital components of a healthy scientific and technological culture.
Technical/ Vocational, Agricultural, and Professional Training
• Support practical training in the technical fields
• Provide basic skills and literacy training for agricultural workers
• Supply agricultural inputs to small farmers and train them in their use
Higher Education
• Strengthen faculty research positions and research centers in universities in the
northeast
• Offer paid internships to university students
• Create “Young Scientists” program along the lines of the World Bank
• Support pre-vestibular programs and provide scholarships in the sciences for disadvantaged students
• Encourage universities to provide more remedial support for university-level science programs
Industry
• Promote collaborative R&D activity and investments in universities

1) Create a new culture of research
2) Popularize science so that more students choose to study science in secondary
school and university
Long-term goals should focus on the system as a whole, addressing each of its segments. A particular focus should be continuing the technical and higher education
programs listed above.
There is an urgent need to popularize science and technology in Brazilian society at
large. Specifically, in the context of math and science education, Brazil (along with other industrialized and industrializing countries) is facing a decline of student interest in
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science. This is something of a paradox given the tremendous scientific advances and
technological innovations announced on an almost daily basis. Young people are eager
to use new technology but are less interested in studying science. Brazilian students
do not score well on international tests (such as PISA, administered by the OECD) in
mathematical ability.
Access to information technology for the average child is also very limited in Brazil.
Most public schools do not have computers or laboratories, and teachers are often not
trained to teach science using practical, rather than abstract, methodologies. These
limitations are important elements of student performance in math and science related
subjects and in their attitudes towards a career in the sciences. Educational institutions
can play a key role in changing attitudes and behaviors among the population at large,
and the biofuels industry must work closely with government agencies at all levels to
support change in this direction.
I-1.4) Costs
The costs of these measures would include training and salaries for teachers, facilities,
high-quality teaching materials, laboratory equipment, salaries for scientists and technicians, and stipends for student researchers.68 Multi-disciplinary, multi-institutional
working groups with representatives closely linked to all relevant sectors will be needed to develop more strategic initiatives in the area of education. For the biofuels sector
and in general, one important risk to investing in technical and scientific education is
that the private sector will not be equipped to absorb the ensuing surge in scientists
and technicians. Investment in education and training must therefore be matched by
an expansion of infrastructure such as labs and test facilities.
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3. Pillar II: Capacity Expansion
A) Introduction
The global demand for biofuels is only expected to increase in the coming years. While
countries around the world are implementing domestic agroenergy programs, many
will not be able to meet local demand with local production. To give just a few representative examples, both the US and EU would have to dedicate approximately 20% of
their arable land to biofuels to meet the demand generated by a 5% blend of biodiesel
and ethanol. In Asia, Japan is considering increasing its ethanol blend to 10%, which
would create a 6 billion-liter-a-year market, and in China, an effort to reduce car pollution is expected to produce an 11 billion liter shortfall in biofuels by 2020, despite
significant increases in domestic production.
This creates a huge opportunity for a nation like Brazil, which has both abundant land
and an appropriate climate, not to mention decades of experience and a strong political
commitment. Through its ProAlcóol program, from 1975-1984 Brazil increased ethanol
production from 3.7 billion liters to just over 11.2 billion liters (2006 production is expected to be almost 17 billion liters). Today the government is putting its energy behind
biodiesel, through the National Program for the Production and Use of Biodiesel.
Ethanol expansion will cater primarily to the export market, while biodiesel will initially expand to meet aggressive domestic blend targets. The industries share three key
challenges for growth: the impact of efficiency gains, the availability of suitable land
(including environmental constraints), and access to financing and investment. In addition, the biodiesel industry has social development goals that will shape its growth.
The current state of the industries, their potential for growth, and the impact of these
issues on that growth will be assessed in the following chapter.
B) Ethanol
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Brazil is the global leader in the efficient production of ethanol and the world’s top exporter, thanks to years of investment in the sector. Sugarcane-based ethanol in Brazil
can compete with oil at prices above $35 a barrel, and in 2005 exports totaled 2.6 billion
liters, 65% of total global ethanol trade. The country is now gearing up for a significant expansion in production to meet a surge in demand on global markets. Though
historically Brazil has far outpaced the rest of the world in the production of ethanol,
it has been joined in recent years by one major competitor, the United States, which
overtook Brazil in 2005 as the world’s largest producer of ethanol. It is also worth noting that Brazil’s productive capacity is increasing at a slower rate than the rest of the
world. While production in Brazil grew nearly 6% in 2005, production in the US and
small producer countries grew by 21%. In 2006, US production is projected to grow to
18.2 billion liters, while Brazil is only projected to hit between 16.7 billion and 17 billion
liters.1 Brazil will remain the leading exporter, however, and the US will be its biggest
export market this year. For Brazil to maintain its leadership position, it will have to
develop a cohesive strategy of capacity expansion supported by the necessary infrastructure and innovation. The challenge is to do so in an environmentally sustainable
manner that does not infringe on needed grazing pasture or national reserves, while
finding the capital to finance new projects.
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Chart 3a: Global Ethanol Production 2004/2005
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B-1) Key Issues Surrounding Capacity Expansion for Ethanol
It is agreed industry-wide that by 2020, Brazil will likely need to triple its fuel ethanol
production capacity to accommodate internal demand, currently at 14 billion liters a
year, and position itself as a global market leader in ethanol. Analysts project that
Brazil will have the capacity to produce 26.4 billion liters by 2015 – 20 billion liters to
supply domestic demand with the remainder devoted to exports.2 Experts argue that
Brazil could feasibly double its output through the expansion of crop area and further
investment in ethanol production facilities.3
Three major factors must be taken into account in assessing ethanol capacity expansion:
a) Efficiency gains;
b) Increases in sugarcane cultivation; and
c) Augmentation of processing capacity.
Efficiency gains allow production to increase without increasing inputs. This has been
achieved through the optimization of productive processes and systems, training of
labor, and feedstock improvements. Improvements in capacity and cost-competitiveness to date are a result of these three areas, and they are expected to have a positive
impact on the next stage of expansion, particularly with the advent of next-generation
technologies.
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The current Brazilian land area devoted to sugarcane is no more than 6 million hectares,
which represents less than 1% of available arable land. Some estimates of available arable land suitable for cane cultivation range from 90-100 million hectares, including 10
million in São Paulo state alone. The parameters of this expansion will be defined by
suitability of the land, avoidance of monoculture, and environmental concerns.
Finally, with regard to processing capacity, Brazil already has 340 mills and a total of 89
greenfield projects under construction or in planning, comprising a total investment of
approximately $10 billion. One study projects that this alone will increase productive
capacity by 7 billion liters by 2010.4 Still, the pace of investment is slower than in the
US and other new producers.
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An aggressive increase in ethanol production capacity also raises questions about
economies of scale. Do increases in ethanol production by factories enhance profitability or does a breaking point exist where costs begin to exceed the price of sale? While
not necessarily true in the case of Brazilian biodiesel, it has been demonstrated that
larger ethanol plants produce economies of scale through the lower capital and labor
costs that automation yields.5 In the United States, a 400-million-liter-per-year ethanol
plant has an economic impact slightly less than twice that of a 200-million-liter-peryear plant, suggesting a fall-off in profitability somewhere within that range.6
In its aim to significantly expand ethanol production capacity, Brazil will face several
important challenges. In particular, it will be critical for the country to access a much
wider expanse of arable land for sugarcane and to do so in an environmentally sustainable fashion. Furthermore, financing these new production projects will require access
to capital and investment for private-sector firms involved in the capacity expansion
process.
B-2) Ethanol Efficiency Gains
Brazil’s ethanol industry has achieved the highest productivity through the optimization of each stage of the productive process, from planting and harvest to refining. This
has been achieved through significant investments in research and development, and
the innovation of practicing technicians and farmers. The chart below illustrates the
changing cost of production over time.
Chart 3b : Ethanol Cost “Learning Curve”
Ethanol Cumulative Consumption (million cubic meters)
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Gains in efficiency have been made by measures such as the mechanization of harvest
techniques and the genetic improvement of the sugarcane itself. Over the past decade,
scientists working in Brazil’s ethanol sector have worked to map the complex sugarcane genome in an effort to make the plant more resistant to disease, bacteria and pests
while yielding a greater amount of sucrose. This trend is expected to continue and
boost the capacity of existing and new facilities and farms. As demand for biofuels
increases and the availability of arable land decreases, gains in efficiency and yield will
be what allow the sector to continue to grow.

Technology
Conventional
Hydrolysis
Total

2005
l/tc
85
-85

l/ha
6,000
-6,000

2015
l/tc
100
14
114

l/ha
8,200
1,100
9,300

Source: CANAPLAN
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2025
l/tc
109
37
146

l/ha
10,400
3,500
13,900
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Table 3a: Possible Gains in Productivity
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Studies conducted by leading Brazilian consultancy Canaplan created the previous
table from a number of sources7 to determine the impact of a strong growth in ethanol supply on the land use. It concluded that efficiency gains and the introduction of
hydrolysis technology from 2015 on could minimize the amount of additional land
needed.
Recent gains were not the product of a single major breakthrough, but rather the optimization of each step in the productive process from field to plant. This will likely not
be the case in the next stage of innovation. Second-generation technology will allow
the sector to produce more ethanol by using more of the plant in the extraction and fermentation process. Today, only 1/3 of the energy content of the sugarcane plant is used
to produce ethanol, with the remaining bagasse and stalk used for co-generation, or
simply discarded. Second-generation technology will allow ethanol producers to use
the cellulosic material found in the cell walls of this and other plants as the feedstock
for ethanol. Breakthroughs in these processes are not far off; indeed the Brazilian production and equipment firm Dedini is planning to build a test facility for the cellulosic
process it created in 2003. The challenge to this process is technical. Scientists are still
searching for ways to simultaneously remove the protective covering of the cellulose,
called hemicellulose, and break the materials down for processing (achieved through
treatment by enzymes). Efficiency gains in this area will result in the discovery of more
suitable pre-treatment and enzymes solutions. While cellulosic production is possible
today, it is not yet commercially viable (see discussion in Innovation chapter).
B-3) Ethanol Land Availability & Environmental Constraints
As of the end of 2005, six million hectares of arable Brazilian land were dedicated to
sugarcane cultivation, representing approximately 0.6% of the arable land available in
Brazil. Of that area, approximately 70% is owned and operated by 340 mills, with the
remaining 30% of the land run by 60,000 small-and medium-sized production enterprises. Large operations, on average, command 30,000 hectares, while the small-and
medium-scale producers control an average of 27.5 hectares of cane-land. The processing capacity of the 340 mills is anywhere from 600,000 to 7 million tons of cane per
year. In comparison, the SME processors are capable of an average of about 2,050 tons
of cane annually.8
According to UNICA, an average of 55% of Brazilian sugarcane is turned into alcohol
and 45% into sugar.9 Current expansion of land for cane planting has proceeded primarily in areas formerly used as pasture for cattle rather than land planted with other
crops. Brazil has 300 million hectares of livestock pasture and experts claim that with
more sustainable grazing methods, this could be condensed substantially.10
B-3.1) Available Land for Future Production

Prepared by Garten Rothkopf

512

The discussion of available arable land for ethanol production is too often framed in
general and rather grand terms, stressing Brazil’s impressive land mass and fertility.
While the country is indeed abundantly endowed in both areas, a study commissioned
by the Brazilian Government has produced a more rigorous analysis. Eliminating areas protected by environmental regulations and those with a slope greater than 12%
(which precludes mechanized farming), the rest of Brazil’s arable land was then evaluated for its suitability for cane. The most accommodating climate for sugarcane occurs
in zones where temperatures fluctuate between 20 and 24 degrees Celsius with a yearly
rainfall of some 1,200 millimeters. The mid-west and southeast regions have a plethora
of zones that fit this description. The appropriate soil will have medium acidity, medium to high fertility, and adequate drainage.11 Land was evaluated for its quality both
with and without irrigation.
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Table 3b: Available Land for Sugarcane Expansion

Source: CGEE, Unicamp, NIPE, ABDI study

Map 3a: Land without Irrigation
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Map 3b: Land with Irrigation
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With 2.6 million hectares cultivated for ethanol production, tripling production without the benefit of any gains in productivity (which is as conservative an estimate as
can be made) would only require an additional 5.2 million hectares. According to the
government study, there are 7.89 million hectares ideally suited to sugarcane farming
without the benefit of irrigation (more productive than the current industry average),
and an additional 113.9 million hectares of good quality (about equal in productivity
to the current average).
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It is important to understand the cane-planting harvest cycles indigenous to those regions which currently harvest cane and those which aim to expand into the sugarcane
sector such as Bahia, Maranhão, Piauí, and Tocantins.12 As a rule of thumb, sugarcane
is cultivated over a year and a half period, and land can usually yield 5 to 6 separate
crops before exhaustion. However, it is also possible to cultivate and harvest a cane
crop within a calendar year. In the southeast, with yearlong cane, the planting takes
place in two periods: May/June (winter cane) and September/October, with harvests
occurring April to November. Year and half-long cane is planted from February to
April and harvested from April to November. By contrast, in the northeast, the planting cycle for yearlong cane runs from June to September (normal cane) and September
to December (special areas), with harvest occurring September to March.13
EMBRAPA estimates that at least 20 million hectares of that land could come online
with the implementation of “technological advances in cattle handling”.14 The estimate
bodes well for the expansion of ethanol production given that less than half of that land
area would be necessary to triple capacity by 2020. As the report will stress in the infrastructure pillar, connecting that land to markets and ports may require a large-scale
investment in transportation and distribution infrastructure.
Crop diversification serves as another key issue in the discussion of land availability
for future ethanol production. The tendency towards monocultures that may occur by
virtue of the economic advantage of clustering production and locating plants near the
feedstock is concerning. Monoculture can only serve to heighten the environmental
risks (described below) that are attached to its cultivation. In addition, an unbalanced
monoculture renders local economies vulnerable to crashes in crop prices.15
Given that São Paulo State dedicates nearly 65% of its cropland to sugarcane, there is
some concern over the state’s commitment to a single crop. São Paulo has transformed
itself in the cane-growing center of Brazil, and the state is arguably best equipped from
an infrastructural, legislative, research, and regional market standpoint to continue
advancing production, but the price of land there is becoming prohibitive. More cost
effective greenfield investment could occur in states tangential to São Paulo such as
Minas Gerais, Goiás, Paraná, and Mato Grosso do Sul.16 A more detailed discussion of
the proposed factories will follow below.
B-3.2) Environment
There are several environmental risks associated with the intensification of sugarcane
farming for the purpose of ethanol production expansion. They include:
1)
2)
3)
4)
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soil depletion;
the increase of fertilizers and chemicals;
the destruction of natural vegetation in protected areas; and
the pollution of the atmosphere with noxious carcinogens.17

Over time, there has been significant soil erosion in the State of São Paulo, largely due
to cattle and grain production. In fact, the expansion of the sugar cane reduced the
erosion thanks to its deep root system and the protection it offers against the impact
of rain. That said, monoculture cultivation conditions are negative. This phenomenon
limits cane’s productive potential and increases the costs to producers. The erosive
run-off can also itself pollute the groundwater and sicken the crop.18 The possibility of
having 15 to 20% every year of sugarcane in rotation with soy, peanut and other crops,
not only corrects the problem, but also creates new synergies in ethanol and biodiesel
production.
In addition, the burning of excess foliage is a common practice applied by over 80% of
cane-growers used to facilitate the harvest. As crop rows are often narrow and choked
out by superfluous leaves, burning can speed up access to the actual cane itself. It is
also used to ward off crop disease and insects that flock to the plants. There is a state
law that limits the prohibition of the burning of the sugar cane year by year and requires that one-third of trash is brought to the factory for processing.
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Today, farmers must apply for a specific authorization from the Brazilian government
to burn excess foliage. This authorization takes into consideration two conditions: the
current climatic conditions and the landscape of the region in question, which cannot
have a slope higher than 12%. In addition, the authorizations are distributed so that
burning does not occur on multiple properties in the same region at the same time. In
São Paulo state, the use of burning is prohibited in mechanized areas and will be in
non-mechanized areas by 2012. The chart below shows the projected phase-out of this
practice.
Chart 3c: Elimination of sugarcane harvest burning in Sao Paulo
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Another concern is related to the use of fertilizers and chemicals to eradicate various
insect pests as well as bacterial crop diseases that appear to contaminate the plants.
Runoff from these fertilizers can jeopardize groundwater and the land. Over time, soil
can become so contaminated that it is no longer suitable to raise cane.20

In Brazil, the Ministry of Environment (MMA) has sole oversight powers over environmental regulations pertaining to the ethanol industry, as well as the impact of
sugarcane farming expansion on significant domestic ecosystems. The MMA’s main
responsibility is to design and enforce political and administrative national guidelines
for wildlife preservation and environmental conservation. In addition, the MMA also
works closely with its main agency, the Brazilian Institute for Environment and Renewable Sources (IBAMA), to ensure continuous oversight on all industrial, commercial,
and tourist activities that may impact the environment.21
However, the MMA is consistently under-budgeted and understaffed, despite being
widely recognized for its efforts on environmental preservation and its responsibility
for such extensive tracts of land. This lack of funds makes it difficult for the MMA
to enlarge its inspection personnel, as well as ensure an even distribution of physical
infrastructure, such as inspection posts, which are essential to the fulfillment of its
mandate.
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Research suggests that land availability is not a major obstacle to the expansion of ethanol production through 2020 as long as steps are taken to ensure that the expansion is
undertaken in an environmentally stable and sustainable fashion and in compliance
with regulations.
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While not yet enacted, a bill is under consideration that could have a significant impact on the availability of land for sugarcane expansion.22 The “Cerrado Amendment”,
which is being debated in Congress, seeks to preserve the Cerrado region via the creation of a National Forest Reserve. If approved, it would considerably restrict further
agricultural expansion. A similar restriction already applies to the Amazon Region,
which covers 5,217,423 kilometers square or 61% of Brazil’s territory.23
The Cerrado is a vast tropical savannah eco-region of Brazil that includes 1,916,900
kilometers square or 22% of the country (almost the size of Alaska). It is characterized
by an enormous range of plant and animal biodiversity and includes:24
• the state of Goiás and the Federal District, most of Mato Grosso, Mato Grosso do
Sul, and Tocantins;
• the western portions of Minas Gerais and Bahia, the southern portion of Maranhão
and Piauí (also large producers of edible oils for biodiesel); and
• small portions of São Paulo and Paraná
The proposed amendment would directly impact the expansion of the ethanol industry. Outside of São Paulo and Paraná, which are unlikely to be affected, Goiás,
Mato Grosso, Mato Grosso do Sul, and Minas Gerais are the states attracting the most
new ethanol projects thanks to their relatively cheap land, existing infrastructure, and
suitability for cane cultivation. Maranhão and Tocantins have also been identified as
having potential, but they are unlikely to attract significant investment in the short
term due to a lack of infrastructure, adapted feedstock, and support industries. If one
compares the map below to Maps 3a and 3b, the significance of the Cerrado Amendment to the expansion of production becomes clear. Possible restrictions that could be
imposed by the MMA include prohibiting the cultivation of certain agriculture crops,
such as GMO crops, as well as granting tax incentives for environmentally-responsible
practices. The proposal is still in the early stages of debate, but has already garnered
support from several political parties.
Map 3c: Cerrado Area in Brazil (2002)

Source: IBAMA
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B-4) Ethanol: Private Sector Investment and Access to Capital
Given the pace of industry investment over the past two years and projections for future ethanol production, the role of the private sector becomes integral to any discussion of capacity expansion. Will small and medium enterprises (SMEs) make greater
inroads into the ethanol production landscape in the coming years or will a few largescale players continue to dominate the market? Will advances in technology or the
overall supply chain encourage a new set of market entrants? And, importantly, how
will old and new market participants find access to capital and lines of financing to
support a sustained and aggressive expansion of production capacity? Certainly, there
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is sufficient land to support a doubling or tripling of sugarcane cultivation, but investment and private sector producers will ultimately drive the industry forward.
B-4.1) Current State
The process of Brazilian ethanol production has been refined over three decades of research and experience in the country beginning with the ProAlcóol program in the late
1970s. Today, Brazil’s ethanol industry derives its product from a sugarcane culture
that is concentrated in the mid-west and south regions, predominantly the states of São
Paulo, Paraná, Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Rio de Janeiro,
and Espirito Santo. São Paulo alone is responsible for 62% of the sugarcane production
in Brazil. 13% of production comes from the northeast, largely in Algoas, Pernambuco,
Paraíba, Sergipe, Rio Grande do Norte, and Bahia.25 São Paulo’s sugarcane industry,
the most concentrated and developed in the country, provides a clear example of the
ethanol value chain and the role of different private sector actors.
B-4.2) Mapping of the Value Chain: Participation of SMEs and Large Enterprise
The sugarcane industry, by its nature, lends itself to large-scale enterprises that possess
the resources and capital to own large tracts of land, purchase high-powered processing equipment, and train workers to manage production. Nearly 85% of the area of
cultivated sugarcane is held by large-scale producers –those who possess more than
100 hectares of land. This is especially true in the mid-west and south, predominantly
in São Paulo state.
340 mills for the production of ethanol were in operation in Brazil as of June 2006, 170
of which are located in the state of São Paulo with Paraná’s 30 plants a distant second.26
Several large enterprises own a number of mills for which annual ethanol output tops
400 million liters. These include the Cosan Group, the São Martinho Group, the Farias
Group, Copersucar, Coinbra, and in the northeast, Carlos Lyra. These mills combined
to put out approximately 16.1 billion liters of ethanol in 2005 and are on pace to reach
16.7 billion liters by the end of 2006, the largest volume ever produced in Brazil.
The Brazilian ethanol industry is comprised of a variety of private sector stakeholders that operate in separate capacities along the overall supply chain and distribution
network. Key tangential sectors alongside ethanol production include construction,
equipment and services, process technology, research and development, transport,
storage, and distribution. In addition, there exist several private sector associations
with oversight responsibilities in the industry.
B-4.3) Large Enterprises

In construction and equipment services, one key player dominates: Dedini Indústrias
de Base. The company claims to have built plants accounting for approximately 80%
of ethanol production in Brazil. Dedini has also moved into other industries, including
biodiesel production and cogeneration facilities construction. The company is a good
example of Brazil’s potential to remain a center of high-value added exports related
to biofuels; Dedini’s in-house research has developed sophisticated turnkey refinery
systems that are in demand around the world. Representatives say the company is
moving aggressively to meet international demand.
In the areas of transport, distribution and storage, Petrobras and its various subsidiaries continue to dominate the field. Petrobras, or Petróleo Brasileiro, the quasi state-
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As the ethanol industry stands today, the value chain is dominated by large enterprises; nevertheless, there is potential for small and medium enterprises to enter the
market. Key names in the sector include the aforementioned ethanol producers as well
as São Paulo’s Sugarcane Agro-Industry Union (UNICA), an association that represents
more than 2/3 of the ethanol producers in the state. The state is also home to the Union
of Sugar and Alcohol Producers from Western São Paulo (UDOP), an association that
represents nearly 40 sugarcane processing companies.
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owned oil company, formerly played a leading role in the ethanol production industry
as it used to buy quantities of ethanol as a gasoline additive at a regulated price. This
regulation is no longer intact, but Petrobras maintains a substantial role in the market by maintaining ethanol transport and distribution networks as well as the end-use
storage facilities and station pumps for the product. Transpetro, Petrobras’ transport
infrastructure subsidiary bears the responsibility for much of the distribution of ethanol, especially that from the state of São Paulo. Although Petrobras is 51% government
owned, it operates as a private sector entity and as such, will be considered under the
umbrella of the private sector discussion for the purposes of this report. As part of
Brazil’s Growth and Acceleration Plan (PAC), Petrobras is negotiating with partners to
invest R$12.1 billion in the construction of ethanol factories in the next four years. By
entering into the supply of ethanol, Petrobras will resolve the difficulty of signing long
term export contracts. The company anticipates that the total investment will create 50
additional ethanol and biodiesel plants.27
Finally, the export of ethanol has opened space for trading companies. This segment
is composed of a variety of actors. The larger sugar and ethanol producers have divisions within their companies to handle trade. Additionally, global trading companies
like Louis Dreyfus are active in the ethanol market, and have even acquired some productive assets rather than operating solely as a middle man between producers and
consumers. There are also small-and medium-sized enterprises engaged in ethanol
trading.
B-4.4) Small and Medium Enterprises
As discussed, small and medium enterprises abound, but do not dominate the ethanol
production industry. At this stage, most experts agree that small and medium enterprises (SMEs) face significant challenges entering the ethanol industry on the production side. Their limited capital, machinery, and human resources and the notoriously
challenging climate for new businesses in Brazil conspire to deter many firms. However, SMEs may have more success providing support services to the industry such
as tanker truck rental, equipment dealing and servicing, and trading services. The
expansion of production clusters in new regions is not solely a matter of investment in
cultivation, a processing plant, and the associated infrastructure. To achieve efficiency,
support services will be necessary.
Despite the dearth of SMEs in the ethanol production sector, there exist a number of programs, including financial and other types of support, which encourage the strengthening of SME resources and capacity. National, regional, and state-level development
banks offer a variety of low-cost credit lines tailored to SMEs. In addition, the Agency
of Support to Small Business and Entrepreneurs (SEBRAE), a privately-held association that operates on the national, state, and municipal levels, provides programs to
build capacity and train human resources. SEBRAE is an important resource for SMEs.
The financing lines available to SMEs are detailed below, while the programs that SEBRAE offers to SMEs will be discussed in the biodiesel section of this chapter.
B-4.5) Pace of Investment in Capacity Expansion
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Since January 2005, the pace of investment in Brazilian ethanol capacity expansion has
quickened considerably. In 2005, approximately $700 million worth of investment was
devoted to constructing 19 new ethanol facilities.28 In 2006, investment has accelerated
further, amounting to nearly $1.2 billion in projected investments through the middle
of the year. Total investment for 2006 may reach $2 billion as the number of ethanol
facilities under construction continues to grow.
Demand has been driven in part by a new mandate for a 20-25% ethanol blend to be
applied to all automobile transport fuel. The current blend level is 23%. Consumer
demand also increased markedly as gasoline prices remained high. Running in parallel with these factors was the rising trend of Brazilian consumers purchasing flex-fuel
vehicles – automobiles that are capable of running on any blend ratio of ethanol to
gasoline. 2005 witnessed a significant jump in sales of flex-fuel vehicles, from approxi-
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mately 35% to nearly 75% of overall new car sales. This rise has continued and is expected to plateau at about 80% of overall car sales through 2006.29
One early sign of the 2006 expansion was the initial public offering of Cosan, a largescale producer of ethanol, in November 2005. The company was able to raise nearly
$350 million on the open market, thus providing it with capital with which to pursue
acquisitions and expansion of its ethanol production facilities. Cosan further advanced
its expansion strategy by issuing $300 million in perpetual bonds.30 Apart from making
two key sugarcane mill acquisitions (the Corona Group and Bom Retiro) in early 2006,
Cosan has also invested heavily in genetic research related to sugarcane in collaboration with CTC and Canavialis, the research subsidiary of Votortantim. Private sector
investment into genetically modified sugarcane to enhance the hardiness and productive capacity of the crop has been a priority since 1999, the year that marked the beginning of a sugarcane genome project, which has since been successfully completed.
Other companies that have chosen to invest heavily in Brazilian ethanol production
plants in 2006 include Companhia Energética de Açucar e Álcool ($279 million), Maity Bioenergia ($300 million), Grupo Itamarati ($320 million), and Alto Alegre ($135
million).31 Investment has also arrived at the ethanol sector in the form of logistical
services; Petrobras announced a $600 million investment in both ethanol and biodiesel.
Dedini Indústrias de Base has also been part of several separate major contracts this
year for the provision of construction and equipment for ethanol production facilities.
It announced at the annual International Symposium and Tradeshow of Sugar-Alcohol
Agro-Industry (SIMTEC) that it had begun work to spin off a joint-venture subsidiary
specializing in industrial automation, a potential boon to ethanol production.

Investment in the private sector for ethanol production has also been boosted by international sources. Japan’s International Bank of Cooperation (JBIC) has pledged over
$550 million to Brazilian ethanol and biodiesel projects. In particular, the states of Tocantins, Maranhão, and Piaui are to receive $300 million from JBIC for the expansion of
their ethanol production, the output of which will be primarily devoted to the export
market in trade with Japan.34 Japan has remained a loyal advocate of Brazil’s ethanol production and overall bioenergy program since 2005, having installed a national
distribution and marketing facility, Brazil-Japan Ethanol, which is jointly owned by
Petrobras and Nippon Alcohol Hanbai.35 International players considering investment
in Brazil’s ethanol production sector include France, Germany, Sweden and India, all of
which have either signed MOUs or verbally expressed a desire to enter the sector. Most
recently, Noble Group Ltd., a Hong-Kong based commodities supplier bought Usina
Petribu Paulista Ltda., a sugar mill in Sao Paulo state with a 2 million metric ton capacity for $70 million. Noble will spend up to $200 million to further expand the plant to
a crushing capacity of 10 million tons of cane in the coming years.36
B-4.6) Financing Lines Available
Ramping up ethanol processing capability represents a major obstacle to capacity expansion, and Brazil must locate capital for its domestic private sector. Already, $10
billion worth of investment is planned by 2014 in 89 greenfield production facilities.
Interest rates in Brazil, though falling, remain high and act as a disincentive to creditbased financing. Guaranteed lines of financing will be necessary to support this expansion, as will other sustainable and medium-rate forms of financing for maintenance
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Alongside these investments have been the announcements of two major funds that
they will focus their equity stakes on Brazilian bioenergy, specifically the development
of ethanol. The first, the Fund of Investments in Bioenergy will be managed jointly by
PTZ Bioenergy of Brazil and Holland’s BTG Biomass Technology; it is expected to reach
over $640 million in three years and will devote its investments to cogeneration ethanol
mills, which use their bagasse byproduct to produce electricity.32 This fund will also
make investments in biodiesel production. The second, the Bioenergy Development
Fund, launched in August 2006, is managed by the French bank Société Générale and
seeks to purchase 20-25% equity stakes in “sugar and ethanol firms located in strategic
regions of Brazil.”33
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and continued operation of facilities currently in operation. Brazil’s long experience
with ethanol has brought awareness concerning the need for financing lines, and a
number of options are available. Nonetheless, it will be critical for Brazil and its private sector to have access to guaranteed large-scale funding and capital markets wherever possible.
Private sector representatives such as UNICA report that there is an abundance of financing available for new projects. Financing comes from several sources, most notably
national development entities and ministries, state and local governments, multilateral
organizations, and finally, private sector institutions themselves, including banks and
large-scale conglomerates with the ability to issue corporate bonds and other derivative financial products. Financial markets such as the Brazilian Mercantile and Futures
Exchange (BM&F) and Bolsa de Valores do Estado de São Paulo (BOVESPA) are additional sources of capital for the industry. Furthermore, the burgeoning international
carbon credit market, which will be discussed more in later sections, may serve as an
important source of sustainable financing for ethanol capacity expansion.
From the public sector, several development banks at the federal, regional, and state
levels are involved in financing both ethanol and biodiesel. While the National Biodiesel Program gains more attention and offers specific financing lines from a rural economic development perspective, the ethanol industry’s concerted push to enhance
production is, in terms of profitability, equally creditworthy. The players here include,
most prominently, the National Development Bank of Brazil (BNDES), Banco do Brasil
SA, Banco do Nordeste do Brasil SA, Banco da Amazônia SA, the Regional Development Bank of the Extreme South, the Development Bank of Minas Gerais (BDMG), and
the Development Bank of Rio Grande do Sul. However, it should be noted that in some
cases, these smaller banks actually serve as local financing agents for BNDES rather
than as separate sources of credit.
BNDES, as the development financing arm of the Brazilian government via the Ministry of Development, Industry and Foreign Trade, is concerned primarily with local-level economic development and infrastructure-related projects that fulfill that mandate.
BNDES “seeks to strengthen the capital structure of private companies and the development of the capital markets, the trade of machines and equipment and the financing
of exports.”37 BNDES devotes an entire set of funding programs and financing lines to
agriculture. The most relevant financing lines to the ethanol industry are BNDES Automatic Financing to Endeavors (FINEM), the Special Agency for Industrial Financing
(FINAME) and Agricultural FINAME. Programs which can fund ethanol production
include the Program for the Modernization of the Agricultural Tractor Fleet and Related Accessories and Harvesters (MODERFROTA), the Irrigation and Storage Incentive
Program (MODERINFRA), and the Technology Fund (FUNTEC). The specifics of each
financing line and program are detailed in Table 3d.
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Table 3d: BNDES Financing Lines and Funding Programs Relevant to Ethanol
Production

Financing Line

Focus (Including, but limited to)

BNDES Automatic

Biomass-derived renewable energy , particularly those
focusing on technological developments with
long-term potential.

FINEM

Financing for amounts over $4.6 million to carry out
implementation, expansion and modernization
projects, including the acquisition of new machinery
and equipment domestically manufactured, accredited
with BNDES, as well as imports of machinery and
associated working capital, carried out directly with
BNDES or through accredited ﬁnancial institutions.

FINAME

Financing, without limit in value, for single acquisition
of new domestically manufactured machinery and
equipment accredited with BNDES, and associated
working capital for micro, small and medium
enterprises, through accredited ﬁnancial institutions.

Agricultural
FINAME

Financing, without limit of value, for the acquisition of
new domestically manufactured machinery and
equipment accredited with BNDES, and destined to
the farming sector, accredited with BNDES.

MODERINFRA

To support the development of irrigated agriculture,
economically and environmentally sustainable, in
order to minimize the risk in production and increase
the oﬀer of food for domestic and foreign markets; and
to expand the storage capacity of rural properties.

FUNTEC

The Technology Fund [FUNTEC] provides ﬁnancial
support to stimulate the technological development
and the innovation of strategic interest for Brazil, in
accordance with the public policies and programs of
the Federal Government.

Source: BNDES
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BNDES also has a number of financing lines that target SMEs specifically and provide
financing that could assist SMEs attempting to enter the market for ethanol production.
In addition to the financing lines listed above, which possess components directed toward SMEs, BNDES also offers the following lines of financing, which could, theoretically, be devoted to large enterprises, but are more likely reserved for their small and
medium-sized counterparts. They are the Export Support program and the Leasing
FINAME program and are detailed in Table 3e.
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Table 3e: BNDES Funding Programs for SMEs Seeking Entry into Ethanol
Production
Export Support

Financing for the export of goods and services through
accredited ﬁnancial institutions, in the following categories:
-Pre-shipment: ﬁnances the production of goods and services
to be exported in speciﬁc shipments
-Pre-shipment Agile: ﬁnances the production of goods
associated to an Export Commitment for a period from six to
twelve months
-Special Pre-shipment: ﬁnances the national production of
exported goods, without connection to speciﬁc shipments, but
with a pre-determined period for their execution
-Pre-shipment Anchor Company: ﬁnances the
commercialization of goods produced by micro, small and
medium enterprises through the exporting companies
(anchor company)
-Post-shipment: ﬁnances the trade of goods and services
abroad, through the reﬁnancing of the exporter, or through
the buyer's credit category.

Leasing FINAME

Financing to lesser enterprises, without limit in value, for the
acquisition of new domestically manufactured machinery and
equipment, accredited with BNDES, for merchant leasing
operations. The ﬁnancing is granted to the lesser enterprise
for the acquisition of goods, which will be simultaneously
leased to the user enterprise, the lessee.

Source: BNDES

As noted in its literature, BNDES disbursements to “micro, small and medium enterprises reached $5.4 billion. Of this total, $2.6 billion corresponds to disbursements to
the FINAME program, $974 million to Agricultural FINAME and $1.3 billion to the line
BNDES-Automatic.” Banco Bradesco served as the leading financial agent with $1.1
billion to micro, small and medium enterprises. The other four leading financiers were:
Banco do Brasil, with $602 million; DaimlerChrysler, with $378 million; Unibanco, with
$157 million; and Votorantim, with $32 million.38

Prepared by Garten Rothkopf

522

Apart from BNDES, several regional banks including Banco do Brasil SA, Banco do
Nordeste do Brasil SA, Banco da Amazônia SA, and the Regional Development Bank
of the Extreme South have separate credit lines devoted to the biofuels and agriculture
sectors related to renewable energy. These regional development banks oversee funds
directed toward their respective regions, that is, the center-west, northeast, north and
southeast regions respectively. The interest rates on these credit lines fall anywhere
between 6% and 14% annually, below the benchmark rate of 14.25%. These funds give
priority to MSMEs.
The state-level development banks such as the Development Bank of Minas Gerais
(BDMG), the State Bank of Rio Grande do Sul (BANRISUL), and the State Bank of
São Paulo (BANESPA) focus on funding programs specific to their state territories.
As Minas Gerais, Rio Grande do Sul, and São Paulo are major players in the biofuels
sector, their respective development banks represent important financing vehicles for
ethanol production. BDMG is engaged in the PRONAF funding program aimed at
family agriculture. In addition, the bank provides agriculture financing including the
acquisition of machines and farming tools as well as expenses related to environmental
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licensing and technical assistance.39 Rio Grande do Sul’s state bank also offers several
financing lines including one within the PRONAF program, as well as lines to finance
machines and equipment related to agribusiness.40
Coupled with the national, regional, and state-level development banks, one federal
ministry in particular has several lines of funding that could be available for ethanol
production expansion in the future. The Brazilian Ministry of Science and Technology
(MCT) houses the Financial Agent of Studies and Projects (FINEP), its primary funding
organ, which is responsible for a set of sectoral funds devoted to research and development. Several of these funds are relevant to biofuels and are discussed more fully in
the Innovation section.
At the international level, a number of multilateral organizations and development
banks have become involved in Brazil’s bioenergy program and, more specifically, ethanol production. These actors include the Inter-American Development Bank (IDB), the
World Bank, the United Nations, the United Nations Environment Program (UNEP),
and the United Nations Development Program (UNDP). Also included in this group
are the development agencies attached to countries such as Germany, Japan, and the
United States; they are GTZ, JBIC and the US Agency for International Development
(USAID) respectively.
The IDB has created and implemented a number of programs related to ethanol expansion in Brazil. They include:

While the IDB programs are tailored to Brazil’s ethanol industry, the funds from the
World Bank and the United Nations entities are not. These funds cover the renewable energy sector more generally or are focused on cogeneration using the sugarcane
bagasse.
Key private sector entities involved in the financing of biofuels have been surveyed
above, but that discussion did not cover the financing mechanisms available through
capital markets and derivative products, most notably the Brazilian securities and futures markets as well as the international carbon credit market. The exchanges available to the private sector domestically include the BOVESPA, an important source of
financing for those private sector entities able to stage an initial public offering. A
BOVESPA listing allows for the involvement of major domestic and international fi-
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Support to the Development of the Ethanol Market (Brazil) - $1 million
o To develop a model for a receivables markets for the Agroenergy Program that
adapts current operational models in the industrial sector to the needs of ethanol
and biodiesel markets.
Financing of MSMES-BNDES (Brazil) - $1 billion
o To support development and modernization of MSMEs in Brazil by providing medium and long term financing to projects making these firms more competitive.
AGROFUTURO (Brazil) - $33 million
o To strengthen capacity of agricultural innovation systems in strategic areas critical
to agro and rural development.
Clean Tech Fund (Regional) $995,000
o To improve resources available to renewable energy project developers and sponsors in LAC. Mobilizes more than $20 million in capital commitments from partners including national, bilateral and multilateral banks.
Agricultural Biotechnology in LAC (Regional) - $130,000
o To prepare an issues paper and guidelines for investment and technical guidance
for bank lending to agro-biotech research and development.
Renewable Energy, Energy Efficiency, Carbon Finance in LAC (Regional) - $890,000
o To promote renewable energy, energy efficiency, and carbon finance projects in
LAC.
Renewable Energy and Energy Efficiency in LAC (Regional) - $1.2 million
o To support increased investment in renewable energy and energy efficiency projects.
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nancial service institutions, which can in turn create the opportunity for creative repackaging and the securitization of collateralized derivative products.
B.5) Gaps and Impediments for Ethanol Capacity Expansion
There are a number of gaps and impediments facing ethanol capacity expansion:
1. New strategies and methods of design for cane expansion and ethanol production
are limited.
2. Financing lines to production lack focus, with no national financing lines specifically dedicated to ethanol capacity.
3. Technological innovation is a major bottleneck. Genetic engineering, innovative
breeding of cane, process technology, and human-capacity building, particularly in
the area of cane processing, all need increased attention (see the Innovation chapter).
4. Infrastructure is lacking both for the export of ethanol and to service new regions
(see the Infrastructure chapter).
5. Tax Policies
There is no overall design for private sector expansion of cane cultivation and ethanol
production. While the federal government has sponsored a study to define such a
blueprint, today’s initiatives are generally small-scale at a regional level.
The sugarcane industry is highly concentrated in São Paulo state, specifically the Piracicaba and Ribeirão Preto regions, making it vulnerable to extreme drought or overabundant rainfall. Further, the price of land has been driven up in São Paulo State,
changing the economics of greenfield investments there and encouraging expansion
into new regions. However, regions suitable for expansion lack the necessary infrastructure and support clusters and may soon be limited by environmental regulations,
such as the proposed Cerrado Amendment.
Financing for the industry remains constrained by high interest rates and a lack of
dedicated financing lines at BNDES and other financing institutions. Sugar and ethanol producers note that the structure of returns requires credit lines tailored to the
industry. At the moment, the principal source of financing for the many new additions – over 50 new projects are expected to come on line shortly – is the private sector.
International investment in Brazil’s ethanol sector is fairly limited, particularly when
compared to the flood of capital entering the relatively inefficient US ethanol industry.
Investors interviewed for this report cited a lack of attractive projects and local partners
in Brazil, and some called for the industry to incorporate international standards of
governance to attract equity capital.
Chart 3d: Brazil: State Level of Tax (ICMS) for Hydrated Ethanol
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One of the problems with the expansion of ethanol demand in Brazil is the disequilibrium caused by the federal and state taxes on the product. The federal tax (PIS/COFINS)
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has discouraged the participation of oil distributors and brokers in the futures market
of ethanol. The ICMS state tax creates more significant problems as taxes vary by state,
with São Paulo the lowest at 12%. The high level of the ICMS discourages the purchase
of flex-fuel vehicles in states where hydrated ethanol is not competitive with gasoline.
C) Biodiesel Capacity Expansion
In contrast to the established ethanol industry, the country’s biodiesel program is
young. The National Program for the Production and Use of Biodiesel, begun in 2003,
is seen not only as a means of contributing to Brazil’s energy independence and security, but also as a tool to encourage rural development and family agriculture in the
north and northeast.
C-1) Key Issues Surrounding Capacity Expansion for Biodiesel
For the foreseeable future, the capacity expansion of the biodiesel industry will be
driven by the ambitious domestic blend targets established by the National Program
for the Production and Use of Biodiesel. By 2013, when all diesel fuel in Brazil will be
required to have a 5% blend of biodiesel, the country is projected to need 2.4 billion
liters, almost double current production. As with ethanol, a number of key issues surround its growth:
a)
b)
c)
d)

Social Development Goals;
Efficiency gains;
Increase in cultivated land; and
Augmentation of processing capacity.

The pillars of the program include “social inclusion”, “regional development”, and
“enhanced business opportunities”.41 To this end, the government has implemented a
Social Fuel Seal program through which only companies with this approved designation are granted advantages when supplying biodiesel. It may be true that Brazil has
yet to fully build out the economic, political, and social parameters that accompany the
biodiesel value chain; nonetheless, it has developed two ambitious fuel blend mandates
that will drive the industry forward and require considerable capacity expansion.
Social Fuel Seal
Created in 2004, the Social Fuel Seal is given to eligible biodiesel producers that have
complied with a series of requirements defined by the Ministry of Agrarian Development, including:
1) buying a minimum amount of their raw materials from family-based farmers; and
2) promoting their social and local inclusion

The Social Seal Fuel mechanism has made social development a major driver of this
industry, and more than 150,000 families, mostly in the north and northeast, have profited from this emerging industry. However, some have argued that even these incentives are insufficient to alleviate the pressure created by other types of taxation.
Brazil has set a target of 2008 for all diesel fuel to be blended at the B2 level (2% biodiesel) and 2013 for a nationwide B5 (5% biodiesel) blend.42 Based on projected diesel
consumption, it is estimated that at least 800 million liters of vegetable oil fuel will be
necessary for the B2 mandate, while a total of 2.4 billion liters will be required to meet
the B5 target five years later.43 These fuel blend mandates represent a challenge to
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Only producers awarded the social fuel seal are allowed to participate in periodic purchase auctions organized by the National Agency for Petroleum. In addition, specific
producers of palm or castor, with activities in the north and northeast regions of the
country, are entitled to extra tax incentives.
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the nascent industry, and the public sector has attempted to attract the private sector
through various subsidy and investment schemes. In particular, a set of biodiesel auctions, overseen by the National Petroleum Association (ANP), have fostered competition between Social Seal accredited biodiesel producers (small, medium, and large) to
provide product, primarily to Petrobras.
The high price offered in the auctions has produced sufficient biodiesel to reach the B2
blend target, but production capacity for the B5 target remains a challenge, especially
at the level of quality necessary for the average consumer and at a cost that will convince producers of the commodity’s commercial viability. Interviews with biodiesel
industry representatives suggest some reluctance to commit further investment to a
sector, the profitability of which depends on political commitment, rather than market
forces.
Like ethanol, the biodiesel industry can be expected to achieve significant efficiency
gains as practical knowledge develops, best practices form, and innovations emerge.
Today, for example, there has not been a final determination of the best feedstock for
each particular area of the country. The industry has also yet to agree on whether to
employ a methyl or ethyl esterification process. Furthermore, the recent development
of Petrobras’ own-patented H-Bio technology could well revolutionize production in
the industry, even at this early stage. Petrobras plans to buy vegetable oil from producers and produce H-Bio at its four refineries.
To maintain the pace of production and ensure that the facilities that have been recently planned come on-stream over the next several years, investments will be necessary not only directly to production, but also to infrastructure and research. Brazil will
have to clearly decide which feedstock it intends to rely upon to achieve the 2008 and
2013 targets, and devote investments to the foundational agriculture structures in the
northeast.
C-2) Biodiesel Efficiency Gains
As with any new industry, efficiency gains will appear as knowledge accrues and best
practices develop both at the plant level and industry wide. As demand for biodiesel
climbs, plant capacities will undoubtedly increase, as will cultivation of biodiesel feedstock. The resulting economies of scale will also drive efficiency gains. It is reasonable
to expect the Brazilian biodiesel market to follow a trajectory similar to the ethanol
market, experiencing declines in production costs over time and as the scale of production increases.
Of the many vegetable oils that may be processed into biodiesel, the top Brazilian
choices are soy, which the country grows in abundance, castor and palm oil. While
soy is the most obvious choice due to an already well-developed food oil industry, it
has a low oil content compared to castor and palm, both of which are cultivable in the
northeast and therefore fit well into the family agriculture component of the program.44
Unfortunately, the human resources and production infrastructure in the northeast are
not yet in place for this region alone to produce at a level necessary to reach the 2013
target.45 On the labor front, basic education for family agricultural producers is lacking, a reality that increases production costs and saps efficiency. Training family producers to operate more proficiently and autonomously will translate to gains for the
sector, as is detailed in the education section of the Innovation pillar.
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526

Second-generation technology will also be vital for increasing the yield of biodiesel
per hectare. There are initiatives to produce biofuels from residues and different types
of vegetable oils as well as waste and other biogases. As knowledge and experience
are accumulated, the development and use of this type of technology will expand the
sector’s growth potential.
C-3) Biodiesel Land Expansion
Any discussion of land availability for biodiesel production must revolve around a
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decision of what feedstock will be used to produce the fuel. By some counts, there are
over 90 species of plants that may serve as raw material feedstock for biodiesel; however, the Ministry of Agriculture, Livestock, and Supply (MAPA), in concert with the
Brazil Institute for Agricultural Research (EMBRAPA), has designated 5 species that
they consider best qualified: soy, palm, castor, sunflower, and colza. The first four are
discussed at length here.
Table 3h: Productivity by Crop (2004)
Productivity
(t/ha)
Palm 2.2
Soy
2.7
Castor 1.2

Oil Content
22%
20%
48%

Cost of
Production
$/T
286
85
720

Under
Cultivation
(ha)
60,000
23,000,000
148,000

Potential
Expansion
(ha)
7,000,000
20,000,000
4,000,000

Source: Created from estimates by Embrapa and Biodiesel Brasil
These species have been chosen because they represent the most oleaginous, most
abundant, and best understood from a cultivation standpoint.46 Each of these species
has its own oil-producing characteristics and regional specificities, and their potential
will be discussed separately.
Map 3d: Vegetable Oil in Brazil

North Region
Palm/Babassu/Soybean

Center-West Region
Soybean/Castor Oil/Cotton/
Sunflower/Palm

North-East Region
Babassu/Soybean/Castor
Oil/Cotton/Palm/Coconut

South-East Region
Soybean/Castor
Oil/Cotton/Sunflower

South Region
Soybean/Rapeseed/Sunflower/
Cotton
Source: ABIOVE

Brazilian palm oil production reached 132,000 tons in the 2004 crop cycle, and expansion of this sector is continuing.47 Not only is palm oil – dendê, in Portuguese –a multipurpose product, it also may serve as a generator of employment in the Amazon region
of Brazil. It is estimated that for every 10 hectares of palm planted, one direct job is
created. Palm, like castor, is a hardy plant and requires little in the way of soil fertility
or tending – in fact, it tends to adapt to the environment of most rainforest plants quite
easily as evidenced not only in the Amazonian rainforests, but also those of Indonesia
and Malaysia.48
The palm oil industry in Brazil is dominated by Agropalma, which accounted for approximately 72% of production in 2004.49 The industry is centered in Pará state, in the
north, where nearly 52,000 hectares were planted with palm in 2004 and over 120,000
tons of palm oil produced – more than 90% of the industry total. Other palm-growing states include Bahia and Amazonas, which cultivated 5,800 and 1,610 hectares to
produce 11,300 and 400 tons of oil, respectively.50 To incorporate small farmers into the
industry, two models are recommended by the GTZ (German international coopera-
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tion enterprise) among others: a 10 hectare plantation model for small producers and a
5-6,000 hectare model for large-scale extractors.
Although palm oil represents an ideal driver of the economy in the remote north and
a strongly positive energy balance crop that is well suited to biodiesel production, the
Brazilian industry lags behind those of Colombia and the Central American states, not
to mention world leader Malaysia, which produces approximately 13.8 million tons annually. Palm requires a minimum annual and monthly rainfall of 1,500 milimeters and
120 milimeters, respectively, as well as an average annual temperature between 25 and
28°C.51 The potential for Brazil to expand its land area for palm plantation is substantial. While by some estimates there are up to 65 million hectares available, when environmental constraints are taken into consideration, the number drops to 7 million. In
Amapá, Amazonas, and Pará alone, nearly 3 million hectares of land that have already
been deforested were suitable for immediate plantation at the end of 2005.52
Despite these benefits and the great potential for land expansion, palm does have some
drawbacks. The cultivation cycle is three years and there is no return until year seven.
Financing lines would have to be designed specifically for this industry, particularly for
small farmers. Agropalma, in collaboration with the state government and the Bank
of Amazonas, has an innovative program for 150 families that could serve as a model.
The company provides training, seedlings, and infrastructure; the state government
provides land; and the Bank of Amazonas finances the participating families with fertilizer and a minimum wage for the first three years. Agropalma is legally obligated
to buy 100% of production at 10% of the price of crude palm oil in the EU. Payment
goes through the Bank of Amazonas, which takes a 20% cut until the start-up financing
is repaid.53 This cooperative relationship with farmers is especially important because
palm oil requires an immediate extraction process within 24 hours of harvesting, requiring extensive collaboration between farmers and refiners.
Palm may represent the strongest biodiesel feedstock in Brazil given its positive energy
balance and high oil content. Malaysia and Indonesia have begun to invest heavily in
palm as the feedstock of the future, and Brazil may wish to follow this example. Close
oversight and extreme care would be necessary, of course, to avoid deforestation of the
Amazon.
C-3.2) Soy
Of Brazil’s primary oil crops, soy is the leader by a significant margin, and as such, it is
believed by some that soy plantations are the only ones large enough to sustain a national biodiesel industry.54 Approximately 23 million hectares are planted with soy, the
production from which is nearly 60 million tons.55 The primary drawback of biodiesel
production from soy is that oil content is just 20%, with soy meal making up the remainder. Because of this, the production of oil is inherently tied to the international
protein market.56 Also, due to external factors, including the international price of soy
and the strength of Brazil’s exchange rate, investment in the soy industry in Brazil has
lagged recently and may limit an expansion in cultivation.
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Soy is planted predominantly on plains where large-scale farm machinery has easy access and where there is less than a 20% probability of drought. Soy is harvested in the
mid-west, south, southeast, and northeast of Brazil. Five states – Paraná, Mato Grosso,
Rio Grande do Sul, Goiás, and São Paulo – drive approximately 80% of the processing
capacity. Cultivation of soy has risen steadily in those regions over the past five years,
particularly in the mid-west, where soy farming has more than doubled.57 According to
Embrapa, soy cultivation could expand by 20 million hectares. Other estimates claim
that available area for soy is just under 100 million hectares.58
Soy-based biodiesel is already an important part of the country’s biodiesel production
and will remain so given its relative abundance, but there are a number of factors that
argue against relying exclusively on this feedstock. For one, the increased production
of the plant for fuel, given its low oil content, could result in a negative energy balance.
There are also environmental risks associated with monoculture. Furthermore, the
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soybean industry is concentrated in the relatively affluent south and mid-west and is
consolidated under large agribusiness, which would not serve the social development
goals of the National Biodiesel program.
C-3.3) Castor
According to the Ministry of Mines and Energy, half of future biodiesel production will
come from castor.59 In keeping with the general tenets of the Social Fuel Seal initiative
and the push for biodiesel as a driver of social development in rural areas, castor can
be grown by small-and large-scale producers alike. Unlike sunflower, palm and soy,
demand for castor oil for human consumption is minimal. Castor, known as mamona
in Portuguese, is a hardy plant indigenous to the northeast that can be harvested in
year-long cycles and requires little tending. In addition, as its cost of production is low,
castor is viewed as an ideal feedstock to promote the National Biodiesel Program in the
impoverished northeast, with family farmers each cultivating 3 to 4 hectares.
At present, the state of Bahia far outpaces its closest rivals, Mato Grosso and Ceará,
with approximately 125,500 hectares of castor, compared to 3,600 hectares and 1,900
hectares, respectively in 2003.60 According to GTZ, this grew to more than 165,000 hectares by 2005, primarily due to expansion in Bahia.61 In terms of production per hectare,
farmers will generate anywhere between 0.3 and 2 tons per hectare, depending upon
the cultivation and harvest process. In terms of available land, the state of Bahia offers
an abundance of unfarmed territory for castor plantation, but it does not come without
risks. The northeast is subject to great variability in the amount of rainfall, and as a
result, large-scale investment in castor cultivation is perceived as higher risk.62
The feedstock itself also suffers several drawbacks. For one, the oil produced from
castor is highly viscous and cannot be mixed well with other vegetable oils in the production of biodiesel. All parts of the plant are toxic if ingested.63 Furthermore, the production and cultivation infrastructure is poor, and the price for castor oil is low if not
subsidized by the federal government. Finally, there is still some doubt about castor’s
relative energy balance.64 These drawbacks notwithstanding, rural development is a
central aim of the government biodiesel initiative and with appropriate subsidies and
technological developments castor may still emerge as a sustainable and even profitable feedstock.
C-3.4) Summary
Each of these crops has strengths and weaknesses with respect to the twin goals of producing sufficient feedstock for a B5 blend by 2013 and encouraging rural development
through the incorporation of family farmers into the value chain. The logical strategy
is not to pick a single feedstock, but to develop distinct strategies for different regions
of the country. Further study to assess the feasibility of these and alternative feedstock
is needed, as is investment in the development of new technologies and best practices.
Embrapa has proposed the matrix below for the progressive growth of domestically
produced biodiesel.

Source: Embrapa
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C-3.5) Environment
As with ethanol, there are environmental constraints and risks associated with the
large-scale expansion of biodiesel production. Most of the regulatory limitations pertaining to ethanol may also apply to biodiesel production expansion, with exceptions
made for the different growth regions. The Ministry of Environment (MMA) is the
main government body overseeing environmental regulations and will play a considerable role in the expansion of the biodiesel industry.
The MMA is expected to become increasingly involved in the issues surrounding GMO
crops for biodiesel production, such as research and development into the improvement of yield per hectare. The MMA has appeared repeatedly before Congress to
present perspectives on GMO studies in relation to other crops. In fact, private sector
demand for a clear regulatory framework on this issue has been so strong that the government has approved a new regulation stipulating federal guidelines and procedures
for genetic experiments on non-GMO crops. So far, research on GMO soy has been
approved. However, if the industry is seriously committed to increasing the current
yield per hectare through the planting of GMO crops, it will be important to follow any
future regulatory developments closely.
The MMA is also tasked with making policy for environmental protection areas, of
which Brazil possesses extensive tracts. In early 2006, the government launched the
National Plan for a Sustainable Amazon (PAS), a set of guidelines and public policies aimed at developing the Amazon Region while abiding by strong environmental
standards, as part of a larger program to promote environmentally responsible growth
throughout the country. For its part, the Cerrado Amendment would cover much of
the land suitable for the growth of biodiesel feedstock, particularly soy in the mid-west
and castor in Mato Grosso.
Other risks in the expansion of biodiesel production vary by feedstock. For soy, there
are concerns that São Paulo State may become overly farmed and its soil exhausted. A
significant expansion of palm, without close oversight, could increase the deforestation
of protected Amazonian reserves. However, at this stage, there are at least 3 million
hectares of already deforested lands that could accommodate a palm oil expansion.
Finally, castor seed cultivation, especially in Bahia State, appears to carry no major
environmental risks. The land itself is already arid and dry, and protected land is a
non-issue in this region. Because mechanization of castor production is so limited, soil
erosion and exhaustion are also not considered issues.
C-4) Ethanol: Private Sector Investment and Access to Capital
The National Program for the Production and Utilization of Biodiesel offers financial
incentives and tax incentives to attract private sector participation. In particular, the
federal government has attempted to create an auction mechanism whereby a given
volume of biodiesel is placed on offer, and private sector producers compete to supply their product, generally to Petrobras or REFAP (a joint venture between Petrobras
and REPSOL of Spain). As with the ethanol industry, but on a much smaller scale, the
success of the national biodiesel initiative will hinge on the willingness and capital
resources of private sector producers.
C-4.1) Current Situation
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At present, private sector involvement in the biodiesel auctions depends upon the company’s achievement of the Social Fuel Seal from the Ministry of Agrarian Development
(MDA). This requires that producers purchase a percentage of their oil from family
farmers, with specific requirements and subsidies varying by region and feedstock. At
the end of 2005, 10 of 20 private producers had achieved the Social Fuel Seal from the
MDA, but only 5 gained permission from the National Petroleum Association to sell
the fuel in its periodic biodiesel auctions.65 That number has since increased to 8 firms
listed below in order of their authorized capacity to supply:

A Blueprint for Green Energy in the Americas

PILLAR II: CAPACITY EXPANSION
Table 3i: Biodiesel Producer Capacity
Firm
Granol
Brasil Biodiesel
Agropalma
Soyminas
Biolix
Fertibom
Renobras
NUTEC

Authorized
Capacity (L/day)
333
92
80
40
30
20
20
2.4

Annual
Capacity (103 L/yr)
100,000
27,600
24,000
12,000
9,000
6,000
6,000
720

Source: ANP66
Source: ANP

Of this group, only Brazil Biodiesel refines castor oil from rural farmers in the northeast, site of the largest government incentives.
Table 3j: Federal Tax Incentives
Biodiesel
Tax Incentive

IPI
CIDE
PIS/COFINS
Federal Tax sum

Subsistence
Agriculture: North,
Northeast regions
w/castor or palm
full exemption
full exemption
100% reduction
(R$ 0.000)
100% reduction
(R$ 0.000)

Subsistence
Agriculture

full exemption
full exemption
68% reduction
(R$ 0.070)
68% reduction
(R$ 0.070)

Medium-Large
Farmers: North,
Northeast regions
w/ castor or palm
full exemption
full exemption
32% reduction
(R$ 0.151)
32% reduction
(R$ 0.151)

All Others

Regular Diesel

full exemption
full exemption
0.218

full exemption
0.07
0.148

0.218

0.148

67

Source: Government of Brazil, Executive Orders # 5,297/04, 5,298/04 and 5,457/05.

The current supply chain of biodiesel from field-to-vehicle contains a limited number
of private-sector participants. Biodiesel producers with the Social Fuel Seal purchase a
contracted amount of feedstock – either castor, soy, palm, canola, or sunflower – from
farmers, though there is often a middle man who facilitates the sale of feedstock between local farmers and the oil refiner. Those producers who have been given the
Social Fuel Seal and authorized by ANP to participate in biodiesel auctions may then
submit their product to be bid upon by distributors of the fuel. In the first four auctions, the only two distributors bidding were Petrobras (the national oil company) and
REFAP. These distributors then transport and store the biodiesel product via the national distributor. Transpetro brings the product to the pump, where Petrobras and
REFAP branded stations supply the fuel to vehicles.
It has recently been announced that fuel distributors Ipiranga and AleSat have joined
the biodiesel supply chain, thereby increasing the involvement of the private sector
and enhancing competition.68 In addition, entities such as Usina Cassia, USP-Ribeirão,
and Agropalma perform some distributing of their own. Recent entrants into production have been large-scale operators such as Bunge, ADM, and Cargill who either intend to build plants or have already done so. Opportunities for other firms, especially
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SMEs, to enter the direct production chain are limited at this stage to the refining and
processing stage. The third and fourth auctions for biodiesel witnessed smaller-scale
firms competing alongside their large-scale counterparts and successfully selling their
product.
It is worth discussing the role of Petrobras further to fully explain its presence in the
biodiesel sector. Petrobras was the sole large-scale distributor until the July 2006 entries by Ipiranga and AleSat.69 In addition, Petrobras’ role in creating biodiesel-ready
transport, storage, and supply stations is central to the sector. In an interesting twist,
Petrobras announced in May 2006 the development of a new type of diesel, H-Bio, in
a further effort to steer away from fossil fuel imports. It has yet to be seen whether HBio, a combination process with hydrogen, vegetable and mineral oils, will adversely
affect the current biodiesel program by crowding out producers or limiting the production process itself. According to Petrobras, H-Bio will not disrupt the biodiesel
production chain.70
Other large enterprises with participation in the sector include commodities-related
associations such as the Brazilian Association of the Vegetable Oil Industry (ABIOVE),
which lobbies for benefits on behalf of its members, and Abiodiesel.71 As the industry
grows, these private associations will likely play an increasing role.
C-4.2) Small and Medium Enterprises
The participation of small and medium enterprises (SMEs) in the biodiesel production
chain is limited to direct production. However, as the pace of investment quickens
within the sector, more space will emerge for SMEs to participate, and a number of
support programs exist to encourage their involvement. These programs support SME
financially as well as logistically and are managed by the Brazilian Agency of Support
for Entrepreneurs and Small Businesses (SEBRAE), certain banks, and state governments.
SEBRAE has resources both on the state and federal level for SMEs, especially those
seeking start-up financing and human resource training. At the national level, programs exist in affiliation with agencies of the national government such as the FINEP
in the MCT to finance small-business start-up and technological innovation. Other
programs facilitate SMEs that function with a socially responsible model and are energy efficient in their operations, ideal for an SME in the northeast looking to enter
into biodiesel production. The national programs of SEBRAE also provide educational
tools for SMEs such as online libraries, curricula, and business development models.72
At the state level, SEBRAE has programs which operate in states crucial to the biodiesel
supply chain such as São Paulo, Goiás, Mato Grosso, Minas Gerais, Bahia, Amazonas
and Pará.
The Brazilian government has several other policies and programs to support SMEs.
The Statute of Micro and Small Enterprises seeks to establish a legal framework for
small businesses, while two legislative policies, FACÍL and O SIMPLES, provide ways
to speed the entry of SMEs into particular sectors. FACÍL attempts to increase the
speed with which a small business is registered in the country. SIMPLES, a single tax
for small companies, attempts to reduce the tax on small businesses and simplify bureaucratic processes. National and private sector bank programs that provide financing for SMEs will be discussed in the following section.
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C-4.3) Pace of Investment Expansion
Since the initiation of the National Program for the Production and Use of Biodiesel,
investment in biodiesel capacity expansion has been strong. In 2005, four new biodiesel plants were inaugurated. Early entrants include Soyminas, Agropalma, Biolix, and
Brasil Biodiesel. However, these firms have been joined more recently by a larger
group of producers, both large and medium, which have begun to generate some industry competition.
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While exact investment dollar amounts are not readily available for 2006, it is known
that over $130 million in investment has gone into biodiesel production facilities in Brazil. An even stronger indicator of expanding investment in the biodiesel industry over
the past year is the auction statistics from ANP. The first ANP auction, held in November 2005, generated a purchase of 70 million liters of biodiesel fuel. Eight producers
participated in the auction, of whom four were selected; 92.5 million liters were put on
offer. Just eight months later, 11 additional firms were able to compete in the third and
fourth auctions, with 1.27 billion liters offered and 600 million liters purchased. This
suggests that the pace of expansion has been intense in the last 18 months and that a
2013 target of 2.4 billion liters is within reach.
Furthermore, some of the larger multinational firms with the capacity to process and
refine vegetable oil into biodiesel have factories coming on-stream and will likely enter
the market soon. Examples of these multinationals include Archer Daniels Midland
(ADM), Bunge and Cargill. Of the trio, ADM announced its first biodiesel plant in
Rondonopolis, Mato Grosso, which will open with an annual capacity of 180,000 tons
in 2007. Bunge and Cargill will likely follow if the market potential stays strong.
Table 3j: Summary of Biodiesel Projects
Region State
N

NE

PA
RN
CE
PI
BA

CO

MT
PR
MG

SE

RJ

SP

Municipality

Company

Capacity
(Liters /Year)
8,000,000
520,000
650,000
730,000
25,000,000
460,000
13,000,000
8,000,000

Raw Material

Status

Belém
Guamare
Fortaleza
Teresina
Floriano
Ilhéus
Luís E . Magalhães
Cuiabá

AGROPALMA
PETROBRAS
TECBIO
Brasil Ecodiesel
Brasil Ecodiesel
Univ. Sta. Cruz
DA GRIS
ECOMAT
ADEQUIN BIOBRAS
Biolix -BIOBRAS
AGRODIESEL
FUSERMANN
SOYMINAS

Palm
Castor
Castor

Complete
Complete
Complete

Castor

Complete

Castor
Cotton, Sunflower, Castor
Soy, Sunflower

Complete
Complete
No Forecast

6,000,000

Soy, Sunflower, Turnip

Complete

6,000,000
3,000,000
3,000,000
12,000,000

Soy, Sunflower, Turnip

Complete
Complete
Complete
Complete

BIOMINAS

20,000,000

Sunflower

Complete

COPPE/UFRJ
USP

620,000
n/c

Complete
Complete

Charqueadas

PETROCAP

25,000,000

Used Oil
N/A
Residues from metal, Soy
Oil, and other animal and
vegetable oil industries

Catanduva
Campinas

FERTIBOM
Ceralit-BI OBRÁS

7,000,000
3,000,000

Various
Soy, Sunflower, Turnip

No Forecast
Complete

Dom Aquino
Rolándia
Iguatama
Barbacena
Cassua
Itatiaiucu, Itauna e
Pitangui
Rio de Janeiro
Ribeirão Preio

Soy, Sunflower, Turnip

Complete

The international excitement surrounding ethanol in Brazil has, to some degree, bled
over into the biodiesel market. In particular, the $640 million Fund of Investments in
Bioenergy, developed jointly by PTZ Bioenergy of Brazil and Holland’s BTG Biomass
Technology, will also invest in biodiesel production throughout Brazil.73 Furthermore,
a portion of the $550 million investment by Japan’s Bank of International Cooperation
(JBIC) will be directed to biodiesel production.74
C-4.4) Financing Lines Available
Because biodiesel production is a national initiative, a variety of financing lines and
capital sources exist, especially for rural farmers seeking to plant feedstock such as castor and sell it to production companies with a Social Fuel Seal. As is discussed below,
the National Development Bank of Brazil (BNDES) offers several funds and financing
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programs. Several other banks including Banco do Brasil, Banco da Amazônia, and
Banco do Nordeste do Brasil also support biodiesel production via the national program.
Alongside the national and state-level programs which are listed below, are a number
of programs established by multilateral institutions. Most of these cater to bioenergy
generally and are discussed in the ethanol section of this chapter. Similarly, private
initiatives for biodiesel tend to overlap with those described for ethanol. As of yet,
there are no biodiesel-specific investment funds in Brazil. As with ethanol, financial
exchanges and capital markets could finance the capacity expansion of Brazil’s biodiesel industry. The BOVESPA and the developing international carbon credit market are
all potential sources of finance for private sector firms.
Specific to biodiesel, the Brazilian government announced the initiation of the National
Farming Program, designed to provide $42 million in loans to finance approximately
17,000 families engaged in the cultivation of biodiesel feedstock. Alongside this federal
program are a number of BNDES programs that are biodiesel specific.
BNDES also has financing lines that target SMEs specifically and provide capital access
to those businesses seeking to enter the production space. In addition to the financing
lines listed above, which possess components directed towards SMEs, BNDES also offers the following financing lines, which could in theory support large enterprises, but
are more likely reserved for their small and medium counterparts:
Table 3k: BNDES Funding Programs for SMEs Seeking Entry into Biodiesel
Production75
BExport Support

Financing for the export of goods and services through
accredited financial institutions, in the following
categories:
-Pre-shipment: finances the production of goods and
services to be exported in specific shipments
-Pre-shipment Agile: finances the production of goods
associated to an Export Commitment for a period from
six to twelve months
-Special Pre-shipment: finances the national
production of exported goods, without connection to
specific shipments, but with a pre-determined period
for their execution
-Pre-shipment Anchor Company: finances the
commercialization of goods produced by micro, small
and medium enterprises through the exporting
companies (anchor company)
-Post-shipment: finances the trade of goods and
services abroad, through the refinancing of the
exporter, or through the buyer's credit category.

Leasing FINAME
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Financing to lessor enterprises, without limit in value,
for the acquisition of new domestically manufactured
machinery and equipment, accredited with BNDES, for
merchant leasing operations. The financing is granted
to the lessor enterprise for the acquisition of goods,
which will be simultaneously leased to the user
enterprise, the lessee.

Source: BNDES
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BNDES Automatic

Biomass-derived renewable energy, particularly those focusing on technological
developments with long-term potential

FINEM

Financing for amounts over $4.6 million to carry out implementation, expansion and
modernization projects, including the acquisition of new machinery and equipment
domestically manufactured, accredited with BNDES, as well as imports of machinery
and associated working capital, carried out directly with BNDES or through accredited
financial institutions.

FINAME

Financing, without limit in value, for single acquisition of new domestically
manufactured machinery and equipment accredited with BNDES, and associated
working capital for micro, small and medium enterprises, through accredited financial
institutions.

Agricultural FINAME

Financing, without limit of value, for the acquisition of new domestically manufactured
machinery and equipment accredited with BNDES, and destined to the farming sector,
accredited with BNDES.

Financial Support Program
for Biodiesel Investments
(Probiodiesel)

Invests in all phases of biodiesel production (agricultural phase, crude oil production,
biodiesel production, warehousing, logistics and equipment for biodiesel production),
future destination of biodiesel product must be revealed;
Supports acquisition of registered machines and equipment for the biodiesel or crude
vegetable oil use; Supports investments that will benefit biodiesel co-products and
sub-products.
Financing lines come from FINAME, Agricultural FINAME and Leasing FINAME, through
the Ministry of Mines and Energy. The programs will offer loans for up to 80.0% of the
total project cost. Payments will begin six months after the loan has been issued, and
the loan will mature in 12 years. There are currently seven projects approved for
Probiodiesel.

Program for the Refinancing
of Agricultural Inputs

To finance the acquisition of Rural Product Financial Bonds [CPRF] and/or refinance
other representative bonds of producers or their cooperatives, with suppliers of
farming inputs, related to the cotton, rice, apple, manioc, corn, sorghum, soy and
wheat cultures, referring to the 2004/2005 and/or 2005/2006 crops.

Special Agricultural
Financing Program

Financing for the acquisition of irrigation systems; mechanic milking machines, milk
refrigeration and homogenization tanks; machines and equipment; seed processing
units; processing or industrialization of other farming products that are not included in
this item; aircrafts of agricultural use accredited by BNDES.

Social Fund

Constituted with part of BNDES's annual profits, it supports social nature projects on
the areas of: job and income generation, urban services, health, education and sports,
justice, nutrition, dwelling, environment, rural development and other connected to
regional and social development, and of cultural nature.

MODERAGRO

The Program has the objective of stimulating soil correction, restoring degraded
cultivated pasture areas and systematizing low lands, aiming at increasing the
production of grains. In the South Region States it is also accepted the restoration of
native pasture areas. acquisition, transport, application and incorporation of
correctives (limestone, plaster and others);

MODERINFRA

Supports the development of irrigated agriculture, economically and environmentally
sustainable, in order to minimize the risk in production and increase the offer of food
for domestic and foreign markets; and expands the storage capacity of rural properties.

FUNTEC

The Technology Fund [FUNTEC] provides financial support to stimulate the
technological development and the innovation of strategic interest for Brazil, in
accordance with the public policies and programs of the Federal Government.

Source: BNDES
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As part of the national biodiesel program, several regional banks also have programs
designed to encourage biodiesel production directly. They are listed below:
 Banco do Brasil
 BB Biodiesel
o This program supports the production, commercialization and use of biodiesel
with the source of renewable energy. The assistance to the production sector will be
made by the disbursement of financing lines for cost, investment and commercialization, collaborating for the expansion of processing of biodiesel in the country, to
support feedstock development, plant installation and commercialization.
o Benefits agricultural production, with funding credit rural agricultural producers
and business. In industrialization, BNDES Biodiesel, PRONAF, PRODECOOP,
Credito Agroindustrial, are lines for the industrial sector. Principal criteria to be
considered is a guarantee of production of farming for biodiesel.
o

 Garantia de Preços Agropecuários – GPA
Program of support for commerical farming wiht a use of machines and tools of
the protection from prices of commodities and national and international futures
markets. The Futures market can be joined with BB CPR and Credito Rural to make
additional gains and protect prices for the farmers.

 Banco da Amazonia
 FNO-AgroIndustria
o Finances all goods and services necessary for planting, modernization, environment
or relocation of agroindustrial business in the North region. Finances agroindustries which turn raw materials into products used in industry.
o Finances investments in products and services necessary to obtain reduction in
electrical energy in business. Finances investments that guarantee self-sufficient
energy generation.
 Banco do Nordeste do Brasil FNE VERDE:
 Financiamento à Conservação e Controle do Meio Ambiente
o Supports actions to protect environment and productive activities which limit environmental damage. Fixed investments and semi-fixed related to environmental
protection such as recomposition of degraded areas, pollution control, and recomposition of forests. Elaboration of studies and reports of environmental impact.
o Generation of alternative energy. Rural producers, cooperatives and businesses are
eligible. Funds come from Fundo Constitucional de Financiamento do Nordeste
(FNE).
o Investments fixed and mixed up to 12 years.
C-5) Gaps and Impediments to Biodiesel Expansion
Brazil has the natural resources and political commitment to meet its goal of expanding
biodiesel production to meet the 2013 target of a B5 blend, but to accomplish this, key
hurdles will need to be overcome, including:
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1.
2.
3.
4.

Limitations in existing technology;
Unstable supply of feedstock;
Lack of guarantees;
Insufficient financing, especially for family agriculture.

The first two challenges are closely related. As with any new industry, the efficiency
and expansion of biodiesel production is constrained by a lack of know-how. While
soy and palm are established industries in Brazil, castor has never before been widely
cultivated, and optimized techniques for care and harvesting have not been developed.
This is evidenced by the wide range of yields already found in the northeast (between
0.3 and 2 tons per hectare), depending on the process used. Further, additional feedstock crops like Jatropha are under study and if selected, will require the development
of optimal techniques of production and training for farmers. The process of devel-
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oping know-how is one that occurs naturally over time, but the combined efforts of
the government, private sector, and research institutions could accelerate the process
dramatically.
The related second challenge is the instability of supply, which has prompted biodiesel
producers Granol and Soyminas to speak out.76 While there is new technology that can
produce biodiesel from any feedstock, it is not yet widespread. Conventional technology employed by most firms requires that the plant and processes be structured around
one feedstock. This reliance leaves producers vulnerable and discourages investment.
Technological innovation in plants, as well as improved productive techniques in agriculture, could greatly reduce this vulnerability.
The third challenge, a lack of guarantees, derives from the structure of the biodiesel
program. Biodiesel production around the world is dependent on government support to be commercially viable, but the choice that Brazil has made to include a rural
development component in its strategy further decreases the competitiveness of the
industry. Auctions, which offer above-market prices, are a short-term solution to this
problem, but they do not provide the private sector with any long term guarantees.
This heavy dependence on the political will of the Brazilian government to maintain
the auctions and their pricing structure is a disincentive to further investment. This
is not to argue against the family farming component of the program, but rather to
point out that its inclusion requires long-term government commitments to offset the
efficiency lost in this model.
Finally, there is insufficient financing available for the expansion of the industry, particularly to local farmers in the north and northeast. While programs and financing lines
exist, they are still functioning on a small scale. As detailed earlier, palm production
is a special case because of the seven-year time horizon before returns are captured.
While this case is extreme, all family production will require start-up financing, not just
to acquire the necessary land and materials, but to ensure an income to families until
the project becomes profitable. An added but by no means insurmountable challenge
is the support that must also be given to help new producers integrate into the formal
banking system.
In addition to these challenges, there are two principal risks to the biodiesel program
associated with the market price of oil and vegetable oil. Biodiesel is not nearly as
equipped as ethanol to weather a significant drop in oil prices. There could be political
pressure on the Brazilian government to decrease the mandated blend, which would
leave producers with no guaranteed demand in a market in which they cannot hope to
compete. Supply is also vulnerable to changing global commodity prices. If the price
of soy or palm oil rose dramatically, it would impact the availability and cost of these
feedstocks and the supply of biodiesel in the Brazilian market. This scenario is not unlike what occurred in the ethanol market in the late 1980s, and it merits planning.

Brazil’s potential for capacity expansion makes it unique among biofuels producers.
Technology and land availability are the primary constraints to significant integration
of biofuels into global transport fuels consumption. Both factors restrict the supply of
biofuels and negatively impact their price competitiveness with fossil fuels. Technological innovation, particularly the advent of next-generation biofuels like cellulosic
ethanol could dramatically reduce the cost of production, increase yield per hectare,
and allow for the use of marginal land. However, the scientific breakthroughs necessary to make cellulosic technology commercially viable may be 10 to 20 years away.
Land availability, the demand for which could be reduced through technological innovation, is and will remain the critical factor for agriculturally derived fuels.
There is a mismatch between those nations suited to produce biofuels and those expected to drive consumption. Countries around the world are implementing domestic
agroenergy programs, but many, particularly those that are highly industrialized or
have limited arable land, will not be able to meet local demand with local production.
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For example, both the US and the EU would have to dedicate approximately 20% of
their arable land to biofuels to meet a 5% blend target in biodiesel and ethanol. In Asia,
Japan is considering increasing its ethanol blend to 10%, which would create a 6 billion
liter a year market. In China, an effort to reduce car pollution is expected to produce
an 11 billion liter shortfall in biofuels by 2020, despite significant increases in domestic
production. Brazil stands at the forefront of potential biofuels exporters, with vast expanses of available, arable low-cost land and cutting edge technology and production
practices. The challenge is to build on these competitive advantages and maximize the
contribution biofuels production can make to the national economy.
Brazil is already the world’s leading exporter of ethanol, accounting for just over 50%
of total trade in 2005 and is expanding capacity to meet global demand. In contrast,
the relatively young biodiesel industry is focused on expanding to meet ambitious domestic blend targets of B3 in 2008 and B5 in 2013. The two industries share three key
variables affecting their growth: the impact of efficiency gains, the availability of suitable land (including environmental constraints), and access to financing, particularly
private capital. In addition, the biodiesel industry has social development aspects that
will shape its growth. While the challenges are conceptually similar, the current position of the two industries argues for addressing them separately.
D-1) Ethanol
There is consensus in Brazil that the country will need to triple current capacity of 16
billion liters a year by 2020 to accommodate internal demand and position itself as
the global market leader. This would mean a total capacity of 48 billion liters, to be
achieved through a combination of efficiency gains and greenfield projects. To date,
expansion in sugarcane production has been almost entirely driven by efficiency gains
through intensive research into the sugarcane genome, the development of varietals
resistant to disease and pests and with a high sugar content, and the optimization of
agricultural and processing techniques. If this trend continues as expected, yield per
hectare could increase approximately 50% by 2020, even without cellulosic technology,
which could become commercially viable in this timeframe.
By the end of 2005, 6 million hectares were under cane cultivation. This is just 0.6%
of arable land in Brazil and only about half of this is dedicated to ethanol production,
with the remainder going to sugar. According to a study commissioned by the Brazilian government, there are an estimated 7.9 million hectares of land available that would
produce well above the national average. An additional 113 million hectares would
produce at the national average. The primary constraints on expanding production
are environmental issues, infrastructure, and supporting industries. Today, sugarcane
production is concentrated in Sao Paulo state and a cluster in the north of the country.
High land prices in Sao Paulo have pushed greenfield projects further afield. Much of
the land identified as ideal for sugarcane plantation is located in Brazil’s vast grassland,
the Cerrado. A bill under consideration in the legislature would restrict agriculture
in this region and will be an important variable. Further, as expansion occurs in new
regions, the supporting infrastructure and related industries will need to accompany it,
suggesting that expansion should be strategic, supported by the government through
financing and infrastructure projects to facilitate export.
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Investment in capacity expansion is also an issue. $10.5 billion has reportedly been
committed to greenfield projects through 2010 and industry leaders report that there
is no lack of investment funds for the industry. Yet the pace of investment in Brazil is
slower than in the US, and international investors consulted for this report cited a lack
of good investment opportunities and partners in an industry that has historically been
dominated by traditional family businesses. Market leader Cosan’s IPO this year is
an excellent example of how the industry could modernize and tap into international
capital markets, rather than depend on loans in Brazil’s high interest rate environment.
There is also a strong argument in favor of a new approach to ethanol production that
is divorced from the sugar industry – a true agroenergy business that would integrate
biodiesel and ethanol to create entirely self-sufficient productive environments geared
exclusively to biofuels export. There is already a trend in Brazil among new mills to
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focus solely on ethanol, rather than employ turnkey technology that allows the refinery to switch between sugar and ethanol production depending on the market price, a
practice that has put supplies in jeopardy in the past.
The optimal strategy for capacity expansion in ethanol is one that is seamlessly integrated with investment in infrastructure and innovation and the development of
global markets. For ethanol, it is the global market that is driving the expansion, and
as such, global demand and global capital should be engaged whenever possible. The
biggest incentive to increased capacity utilization would be solid assurances of markets
abroad. Ideally, existing research could be employed by the government, in coordination with the private sector, to zone the country, identify the ideal areas for capacity
expansion, and encourage the development of production clusters, with supporting
infrastructure, education and research centers. The whole industry is a potentially
high-payoff development initiative, with important second generation effects on human capital development, new business, and broader use of new infrastructure. A
modern agroenergy cluster, with integrated biodiesel/ethanol facilities and supporting
small businesses, infrastructure, and training would be an anchor and driver of development, with tremendous knock on effects down the road. The IDB could provide:
1. Technical support and financing for this zoning effort, including involvement of the
MMA so that environmental constraints can be considered from the start.
2. Dedicated competitively-priced financing lines and guarantees for the acquisition
of land and equipment.
3. Specialized financing lines and investment strategies for SMEs to establish support
enterprises.
4. A program to develop private sector transparency to encourage foreign participation, taking the Cosan IPO as a model.
D-2) Biodiesel
Biodiesel is still finding its feet in Brazil. In addition to being a relatively new priority (the National Program for the Production and Use of Biodiesel was only created in
2003), the industry has characteristics and objectives quite distinct from ethanol.
First, it is oriented to the domestic market and is not conceived of as a significant export
industry in the medium term. Domestic fuel blending targets, mandated by the National Program, constitute the essential demand base for the product. Major expansion
of feedstock crop production and refining capacity will be necessary simply to meet the
National Program’s 2013 target of a B5 blend, which translates to an annual production
of 2.4 billion liters of biodiesel.

Palm is considered an ideal feedstock for biodiesel, given its strongly positive energy
balance, high oil content, hardiness, and suitability for large-scale production. Its major drawback is the length of the production cycle (three years to the first harvest),
which means high start-up costs and the need for specially targeted financing, especially for family farmers. Finally, castor is being seriously considered for production in the
northeast, where it is an indigenous crop. The Ministry of Mines and Energy estimates
that half of future biodiesel production will come from castor. Like palm, it is a hardy
plant with potential to employ family farmers. Unlike with palm, however, there is no
parallel demand for human consumption, so price instability due to competitive uses
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Second, biodiesel does not have an obvious feedstock source in Brazil, such as sugarcane provides for ethanol. Several crops are suitable for biodiesel production and are
being evaluated by the government based on their yields, cost of production, availability of suitable land, and contribution to the government’s rural development goals.
Each has its pluses and minuses. Soy is a highly developed industry in Brazil and is
suitable for large-scale production. It is the cheapest source of oil for biodiesel, but
only because soy meal, which represents nearly 80% of production, is also a marketable
commodity. The expansion of soy is thus tied to the international protein market. This
parallel demand structure imposes a constraint that must be considered in expanding
soy production.
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is not a factor. However, castor also has numerous drawbacks. Current yields are low
and highly variable, production and cultivation technology is poor, and castor does not
mix well with other vegetable oils in the production of biofuels.
Given these variables, Brazil has wisely chosen to avoid dependence on any one feedstock. However, it has yet to fully zone the country for biodiesel production or implement a coherent strategy for the industry’s expansion. A decisive determination of
the feedstock it intends to foster, and where, will be essential to meeting the blending
targets.
Third, biodiesel is a critical element in achieving the country’s rural development goals.
The government in 2004 instituted the Social Fuel Seal to encourage biodiesel producers to support agrarian development by buying a minimum amount of their raw materials from family-based farmers and promoting their social and local inclusion. The
Social Fuel Seal has been a requirement for participating in biodiesel auctions (the
main marketing vehicle) overseen by the National Petroleum Association. The high
subsidized prices offered at the auctions have been enabled the government to reach
its B2 blending target for 2008. However, there is no long term guarantee that these
above-market prices will be maintained, a clear disincentive to any major expansion of
private sector investment.
Finally, there are environmental considerations. These include the possibility of overfarming in the south, invasion of Amazon lands for production of palm oil, and the
possibility that the Cerrado Amendment could drastically restrict feedstock production in a large area of the country.
Despite these uncertainties, the number of firms participating in the biodiesel sector
is growing. Private fuel distributors Ipiranga and AleSat have joined the biodiesel
distribution chain and large-scale operators such as Bunge, Cargill and ADM are entering the market. Smaller scale firms have also begun participating in the auctions.
More robust growth will stimulate efficiency gains as practical experience develops,
best practices form, and innovations emerge.
A number of steps could be taken by the Brazilian Government and the IDB that would
speed the process of innovation and capital investment needed to put the industry on a
sound footing. As with ethanol, a strategy for capacity expansion will be most successful if integrated into an overarching strategy that includes infrastructure and innovation projects to facilitate production and distribution and develop improved varietals
and production methods. What is needed is a macro-level blueprint which would:
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1. Identify appropriate zones for the production of each feedstock, with an eye to
closely coordinating environmental and development objectives, particularly in regions like the Cerrado where expansion may be constrained by restrictions on GMO
use, and identify resource requirements.
2. In coordination with a well financed research program to improve yields and farming practices, develop a program for the identification and creation of vertically
integrated production centers, particularly in the northeast, that would address the
interrelated needs for small farmer financing, extension services in best agricultural
practices, small- scale infrastructure development and investment financing for refineries.
3. Institute a marketing system that will give biodiesel producers more stable longterm price assurances to limit downside risks.
4. Provide incentives to joint ventures, such as concessionary loan financing, that will
leverage equity investment and stimulate technology transfer from countries with
more experience in biodiesel production.
5. Greater coordination among lending agencies at the various levels of government
to maximize the impact of available resources and establishment of a specific credit
lines to finance biodiesel production, including resources targeted to SMEs.
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4. PILLAR III: INFRASTRUCTURE & LOGISTICS
A) Introduction
The importance of infrastructure and logistics in the large-scale development of the
Brazilian biofuels industry cannot be overstated. The “Brazil cost” of moving goods
within the country is a well-known and long-lamented barrier to effective business operations. As Brazil develops a strategy to maintain its position as the global leader in
biofuels and meet a projected surge in export demand, addressing both the inadequacies in current infrastructure and the need for infrastructure expansion is essential.
The high costs imposed by insufficient and poorly maintained infrastructure could
handicap Brazil’s competitiveness on global markets, and getting to market at all is by
no means guaranteed. The Brazilian biofuels industry developed for domestic markets, and the infrastructure supporting it reflects that orientation.
What is now required is a dual focus: looking into Brazil to facilitate the growth of the
biofuels industry in underdeveloped regions and looking outward to develop the capacity and agility of export infrastructure so that production reaches ports for export.
The three component parts of the biofuels infrastructure in Brazil are:
A)
B)
C)

Power
Transport, Storage and Distribution Logistics; and
Communications

Taken together, these components facilitate the production and distribution of ethanol
and biodiesel products from factory to pump and from field to vehicle.
The first, power is needed at all stages of the infrastructure chain, and especially at the
production stage (where cogeneration can create a self-sufficient production environment). Power is also needed for storage tanks, holding facilities and containers during
transportation, and at stations with automated pumps dedicated to ethanol and biodiesel. There is some concern that Brazil will perhaps within as few as three or four years
lack the power generation capacity required to maintain its growth. Biofuels plants
are not only self-sustaining thanks to cogeneration technology, but they also have the
potential to contribute to the diversification and security of Brazil’s power matrix.
Second, transport, storage, and distribution logistics are undoubtedly the most critical
requirement for the success of the biofuels industry as it expands. In a country of
continental proportions, these variables cannot be overlooked. Specifically, the search
for better ways to connect supply and demand must be continuous and energetic. If
Brazil truly intends to lead the global industry, transport logistics must be prioritized
in order to facilitate trade, improve cost competitiveness, and expedite delivery from
crop to tank.

Finally, communications infrastructure plays a twofold role. It serves as a guarantee that
all players in each node of the supply chain have a clear channel of contact with each
other and access to the most recent information. As will be detailed later in this chapter,
basic communication between players makes a tremendous difference in the industry’s
chances of success. In addition, and especially in the case of an agribusiness, uninterrupted flows of information regarding weather conditions, the latest technologies, best
practices, etc., can enhance the efficiency and competitiveness of the industry.
Some projects are underway in Brazil to bolster existing infrastructure and enhance
logistics countrywide; however, in looking forward to 2020, a national strategy to boost
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One of the main concerns of the biofuels sector is the high cost of transporting goods in
Brazil, including port operations that must refurbished. It is fair to say that transport,
storage, and distribution logistics are the most serious obstacles to the expansion of biofuels, and these elements are prioritized in the following discussion.
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the present transport, power, and communications networks for biofuels must be set
in motion and the capital to finance it must be identified and secured. Brazil must find
ways to capture existing lines of domestic financing and streamline them to focus on
infrastructure expansion that serves not only a burgeoning biofuels industry, but also
broader economic and social goals. Given the scope of needed investment, a variety of
investment sources will be needed, from government and local private sector to international financial institutions and international capital markets.
A revised regulatory framework would help create the political space in which a dramatic infrastructure and logistics upgrade can occur. A reworking of policies related to
pipelines, roads, rail, and shipping could increase competition and facilitate cogeneration, an additional source of revenue in ethanol production. Understanding the current policy landscape is essential to analyzing how it might be altered.
The Infrastructure and Logistics section will examine existing assets, assess their limitations, and identify how they might be remedied. It will begin with a discussion of all
infrastructure and logistical networks relevant to biofuels, including power, transportation, and communication. Though in most cases these networks will be applicable
to both types of biofuels discussed, specific issues pertinent to ethanol and biodiesel
infrastructure will be highlighted accordingly. A discussion and analysis of Brazil’s
existing infrastructure landscape will follow, including a description of the projects
underway and the financial and regulatory incentives to support them. Finally, the section will close with a brief analysis of the risks Brazil faces related to infrastructure.
B) Current State of Infrastructure: Existing Assets and Projects Underway
The current infrastructure is insufficient to accommodate a large-scale capacity expansion of ethanol and biodiesel, not only because it lacks the range to link various production and distribution sites, but also because existing assets are often underdeveloped or
in disrepair. Even though projects are underway to address these limitations, a much
stronger national strategy is needed.
B-1) Power
Power supply is an essential element of the minimum infrastructure needed for the biofuels industry, both in production and distribution. Electricity is needed at the plant,
as well as throughout the supply chain. However, unlike other industries, biofuels
production not only has the potential to be self-sufficient, it can actually contribute to
the power sector by feeding into the national grid or providing electricity to isolated
communities through cogeneration.
Today, Brazil has a diversified energy matrix [Chart 4a]with a relatively high use of
renewables. 44% of the matrix is composed of various renewable sources of energy,
compared to the world average of just 14%. In addition, Brazil has recently reached oil
self-sufficiency, bringing even more security to the country’s energy supply.1 However,
the reference scenario for GDP growth through 2015 projects that the country will need
to increase electricity generating capacity by 5% each year, or an average of 3,200 MW,
requiring $6 billion in annual investment.
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Chart 4a: Brazilian Energy Matrix (2005)
Wood: 13.1%

Hydroelectricity: 15.0%

Uranium: 1.2%

Sugar Cane: 13.9%
Other Renewable
Resources: 2.7%

Oil: 38.4%

Coal: 8.4%
Natural Gas: 9.3%

Source: Ministério de Minas e Energia do Brasil

This same diversity is not present in the country’s power matrix. With current installed
capacity of 93.969 MW, generated by both private (15%) and state-owned (85%) companies, the system represents almost 60% of South America’s electric consumption. At
its peak load, the Brazilian power system is the equivalent of systems in Italy or the UK
(61.800 MW).2 The vast majority of Brazil’s electricity (85%) comes from hydroelectric
power generation.
Chart 4b: Brazilian Electric Energy Matrix

Natural Gas: 4.1%
Biomass: 3.9%

Coal: 1.6%

Hydro: 85.4%

Uranium: 2.2%
Oil derivatives: 2.8%
Source: Ministério de Minas e Energia do Brasil

The argument in favor of hydroelectric power expansion is obvious for a country with
Brazil’s resources, but the politics of this expansion have been complicated by a substantial and growing environmental protection movement. While a relatively clean
power source, hydro projects are not without their environmental and social costs,
namely the flooding of communities and ecosystems. In recent years, environmental
groups have stepped up their protests of these projects with increasing effectiveness,
successfully delaying the approval of the 11,000MW Belo Monte Dam Project for four
years.3 The delay or potential blocking of projects is a concern given projections that
Brazil will need to increase its power supply by 5% annually to keep pace with economic growth.
A second issue is the seasonal variability of hydroelectric power generation, which is
weakest during the dry season. A power shortage in 2001 was in part due to this vul-
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Brazil’s heavy dependence on hydroelectric power is understandable given its massive
system of rivers. However, there are three challenges for the expansion of hydroelectric power that suggest that diversifying might be advisable in the long term: environmental constraints, seasonal capacity variation, and regional concentration.
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nerability. The third issue is the regional concentration of hydro-generating capacity.
Most of Brazil’s dams are in the southern part of the country, including Itaipú Dam, on
the border with Paraguay, with 12,600 MW of capacity.
There is a clear disparity between the north and the coastal regions of Brazil. The north
accounts for less than 2% of the energy market and is mainly sustained by thermal
plants. The coastal regions, by contrast, are highly developed and heavily dependent
on hydroelectricity produced primarily in the south.4 Energy is lost in the process of
transportation and distribution at a rate of 16%, twice that of the US.5
Map 4a: National Power Grid (2005)

Isolated Systems
Interconnected
Systems

Parana River Complex
Paranapanena River Complex
Grande River Complex
Paranaba River Complex
Paulo Afonso Complex
Madeira Complex

Source: Ministério de Minas e Energia do Brasil and Operador Nacional do
Sistema (ONS)
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Despite these constraints, it is likely that Brazil will remain, for many years to come,
primarily dependent on hydroelectric power generation. Nevertheless, the country is
seeking to increase the share of alternative power sources, and the biofuels industry
has potential to address the limitations of hydro through cogeneration.6 Currently,
there are 2,800MW of installed cogeneration capacity in Brazil’s sugarcane refineries, 600MW of which is being commercialized through distribution companies.7 This
number could be dramatically increased were ethanol mills to invest in high-pressure
boilers. Peak production of ethanol, and thus peak generating capacity, occurs in the
dry season, the weakest period for hydroelectric power. As the industry expands, biofuels production will be dispersed throughout the country and could contribute to the
decentralization of supply. The capacity for cogeneration should also improve with
technological advances, which would allow plants to generate power more efficiently,
increasing output by between 4 and 12 times current capacity.8 A study commissioned
by the Brazilian government estimates that a new production cluster of just 15 mills
could generate 1,200 GWh per year, more than 0.3% of national electricity consumption
in 2004.9
Today, the vast majority of current cogeneration capacity is in Sao Paulo State, which
is also the center of power consumption in Brazil. The state has no new sources of hydroelectric power to supply its continued growth,10 but it does boast the country’s most
extensive power transmission infrastructure. For areas of new expansion, the situation
is varied. Plants that choose to cogenerate bear the cost of connecting to the grid, an
expense which can be formidable when the grid is distant. The state of Goias has been
identified as an ideal candidate for new biofuels production and cogeneration projects
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because of the suitability of its land and well developed infrastructure. On the opposite end of the spectrum, Maranhao has extremely limited grid coverage.11
Another potential benefit of cogeneration is locally generated electricity in rural areas;
in essence, electrification “off the grid”. Brazil’s power grid coverage of rural areas is
limited and is considered a significant constraint on development. Rural electrification
has been a focus of both the Brazilian government and multilateral lending institutions, but much remains to be done; there is 73% coverage in rural areas, compared to
around 85% coverage in Argentina, Chile and Mexico.12 The regions with the greatest
shortfalls are the north and northeast, which are also the areas in which the biofuels
industry is projected to expand.
Table 4a: Permanent Private Households without Electricity (2002)

North
Northeast
South
Southeast
Mid-West
Brazil

Urban
56,195
201,642
49,011
166,565
31,610
505,023

%
2.4
2.2
0.8
0.8
1.0
1.2

Rural
447,124
1,110,339
125,235
206,214
90,336
1,979,249

%
59.7
34.4
10.3
11.9
21.5
27.0

Total
503,319
1,311,981
174,246
372,779
121,946
2,484,271

%
16.1
10.7
2.3
1.7
3.5
5.2

Source: World Bank ESMAP, 2005

Updated numbers available from the ANEEL, which do not disaggregate into rural
and urban, do not show a significant change in total electricity coverage. While coverage has increased slightly in the south and southeast, it has actually declined in the rest
of the country.
Table 4b: Permanent Private Households with Electricity (2006)
Region
North
North East
Mid West
South East
South
Total

% of Households
81.55%
87.70%
95.78%
98.77%
98.01%
94.54%

Source: ANEEL

Cogeneration has other significant benefits. The sale of associated carbon credits
through the Kyoto Protocol’s Clean Development Mechanism (CDM) could also become a sustainable source of revenues. Indeed, biomass cogeneration has much greater
potential for carbon credits than the production and sale of biofuels. Of the bioenergy
CDM projects in the global pipeline, 54% of bioenergy projects are based on cogeneration, and of these, more than half are specifically sugarcane bagasse projects. By contrast, there is only one biofuels production project in the pipeline.13
Proinfa
The Brazilian Government is acting to address its dependency on hydro power, the
growing environmental constraints on its expansion, and the capacity of the power
grid. Eletrobras, the Brazilian National Energy Company, launched a new “Program
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Brazil is addressing the issue of rural electrification primarily through the Luz para
Todos program, which intends to extend coverage to 2.5 million households by 2008.
Ethanol and biodiesel plants could contribute to the provision of power to isolated
communities as well, playing a role similar to a small-scale hydro plant. This option
is being explored in developing countries around the world. Biodiesel, in particular,
could serve as valuable energy source for isolated Amazon communities that rely on
diesel power.
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of Incentives for Electric Energy from Alternative Sources” (PROINFA), which pledges
to buy electricity produced from different renewable resources.14 The initial goal of
the program is to reach 3,300 MW in wind, biomass and small hydropower and to
have these renewable sources account for 10% of Brazil’s electricity consumption in 20
years.15
In order to properly acquire such a high volume of energy, the government established
a series of auctions within the PROINFA framework. In December 2005, an auction
contracted 200MW of biomass cogeneration from various producers, with 25-year contracts beginning in 2008.16 In preparation for 2006 auctions, sugarcane producers, cogeneration associations, and equipment manufacturers together promoted increased
biomass cogeneration in the energy matrix through private investment and fair competition with other energy sources. The scheduled 2006 auctions are for energy delivery for 2009 and 2011, and the biomass initiative plans to offer between 1,000 and
3,000MW.17 Projects linked to the PROINFA are eligible to receive up to 80% of their
financing from BNDES, to be used for the acquisition of high-pressure boilers, for instance.
B-1.1) Gaps and Limitations
Despite the potential of electric cogeneration, most mills in Brazil are not investing
in the high-pressure boilers needed to produce excess energy. For instance, of industry leader COSAN’s 30 sugar and ethanol mills (with electricity production potential
of 700MW), only one is engaged in government auctions and will produce 60-70MW
beginning in 2009. The high cost of replacing boilers is cited as the primary reason
behind industry reticence in this area.
PROINFA has been heavily criticized for its reliance on subsidies and for its weak market orientation. While ethanol refinery cogeneration was envisioned as one of the main
sources of energy for rural electrification under the program, only projects connected
to the grid are eligible to participate in the PROINFA, which automatically excludes a
good percentage of isolated plants, especially those located in the northern region of
Brazil. Those close enough to connect to the grid still face financial and bureaucratic
obstacles; the plants must cover the costs of connecting and must apply for authorization from the National Agency of Electric Energy (ANEEL).
Its faults notwithstanding, PROINFA is a well conceived plan that opens a strategic
path to electricity matrix diversification. Energy auctions need to continually seek
higher quotas for renewable sources. In addition, the bureaucratic process to join the
program and register for the energy auctions should be revised. Red tape, including
environmental licensing, is a barrier to investment. According to industry expert Plinio
Nastari, from DATAGRO, each individual mill must apply for authorization from
ANEEL. He suggests a new methodology, similar to one used in the United States,
where a “blanket authorization” to sell to the grid acts as a catalyst to actors throughout the industry.18
B-2) Transport, Storage and Distribution Logistics
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Transport, Storage and Distribution Logistics (the transportation system) are arguably
the most significant infrastructure constraint to the expansion of the biofuels industry
in the country. A premise of this study is that Brazil’s transportation system must be
capable of facilitating the expansion of the biofuels industry into new productive regions and guaranteeing access to ports for export. Absent determined action, transport
will become a significant bottleneck to the expansion of the biofuels sector.
Brazil’s complex multi-modal transportation system is administered by several different government bodies. In addition to the Ministry of Transportation (responsible for
transportation policies, including Merchant Marine affairs and air transport), the country has three different structures: the National Department for Infrastructure for Transportation (DNIT), the National Agency for Terrestrial Transportation (ANTT), and the
National Agency of Waterways Transportation (ANTAQ).19

A Blueprint for Green Energy in the Americas

PILLAR III: INFRASTRUCTURE
The need for government involvement in the provision of a public good such as transportation infrastructure is clear. However, bureaucratic red tape, questionable funds
administration, and the lack of proper coordination have obstructed development. In
an effort to upgrade this system, the Brazilian government has chosen a gradual privatization of transport infrastructure. Waterway and railway systems have been entirely
privatized since 1996 and 1997 respectively, while the highway system is still in the
process of privatization.20
B-2.1) Biofuels Transport and Distribution
The transport and distribution of biodiesel is relatively simple, because the industry
is entirely domestic and is still small in scale. The bulk of Brazilian biodiesel production, approximately 1.1 billion liters, is managed under ANP’s public tender auction.
Petrobras has been buying almost 97% of total production, which is distributed to the
refineries by the producers themselves.
The case of ethanol is much more complex, and the supply chains for domestic and foreign distribution must be analyzed separately. Ethanol is produced at sugarcane mills,
of which 60% are located in the state of São Paulo and the rest distributed through the
northeast coast, as well as the south and the mid-west regions.
For domestic distribution, ethanol producers are usually responsible for the “first leg”
of the distribution chain: the transport of ethanol from the mills to the fuel distribution
companies such as Exxon, Shell and Petrobras, which then blend it with gasoline.
Ethanol producers may vary their distribution strategy depending on the region in
which they are located and the destination in question. For instance, São Paulo producers normally use road distribution to supply their own state, but Petrobras has
a pipeline that runs from São Paulo to Rio de Janeiro and the company has plans to
extend its pipeline network through to Goiânia – Goiás. Waterways are an option for
producers from the states of Minas Gerais, Goiás, and São Paulo, with railroads a longer-term possibility.
Diagram 4a: Distribution Hubs for Domestic Markets

Ethanol Mills

100% Road

100% Road

Fuel Stations

31% Road, 61% Rail, and 8% Waterways

Transportation from the production point to distribution points is done 100% by highway with an average distance of 200 kilometers. Transfers between fuel distribution
points are carried out 61% by rail, 31% by highway, and 8% by waterway. Average distances are 717 kilometers, 597 kilometers, and 1000 kilometers respectively.21 Transfer
to the final consumer is done 100% by highway with distances covered as follows:
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Table 4c: Distribution Distances
69%
15%
7%
9%

0-100 km
100-200 km
200-300 km
300-600 km

Source: Ministry of Transportation

The biofuels transportation system was established for domestic consumption of fuels,
and is only now beginning to adjust to growing international demand. The logistics
of ethanol distribution for export involve two new players: the trading company and
the foreign buyer. In the Brazilian export market for ethanol, trading companies are
usually present to mediate the trade between local producers and foreign markets.
After acquiring purchase options (with fixed prices and established volumes), trading
companies search for Brazilian producers willing to meet the volume and price desired
by the foreign buyer.22
Once the deal is established, the producers themselves are in charge of delivering the
product to the trading companies, who are then responsible for exporting it. Normally, producers contract private trucking companies to deliver the ethanol (very few
producers have their own fleets). Depending on the contract, the ethanol could be
delivered at a storage facility near a port, railway, pipeline or even directly into tankers. Most of the time, the product is delivered to ports, where it is then stored for later
transfer to tankers.23
Diagram 4b: Distribution Hubs for Export

Ethanol Mills

Tanker or
Pipelines

100% Road

Foreign
Market

Storage Facilities

Despite the many efforts by both the Brazilian public and private sectors to improve
infrastructure, several obstacles remain. A 2006 poll conducted by Volkswagen found
that transport infrastructure is seen as a major impediment to exports:24
Table 4d: Infrastructure Opinion Poll
48%
94%
66%
44%
68%
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Cite infrastructure as creating the most difficulties in exports
Feel the current system either does not meet or barely meets
needs associated with exporting.
Feel the federal government is responsible for all the bottlenecks
Feel the situation may worsen
Feel the railway system does not meet their needs.

Approval ratings:

Railways: 11%
Waterways: 22%

Highways: 21%

Source: Volkswagen 2006

It is important to note that infrastructure improvements made to boost ethanol exports
will soon benefit biodiesel. As the biodiesel industry evolves, it will take advantage of
the infrastructure established for ethanol distribution, much as this has profited from
the infrastructure already established for oil distribution. The same storage facilities,
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port terminals and tanker compartments are used for both oil and for ethanol, and they
will gradually serve biodiesel as well.
B-2.2) Road and Highways
Roads now provide more than 70% of biofuels transportation needs and they will likely remain important, particularly for domestic distribution. However, the country will
need to gradually decrease its dependence on highway transportation in favor of other
modes of transportation.
In 2000, according to the Brazilian Statistical Bureau of Transport, highways experienced a transport volume of 451,270 million tons per kilometer, and had increased
every year to that point.25 Highways have reached maximum operating capacity, resulting in less than desirable conditions.
Roads in Brazil are administered by federal, state, and local authorities.26 The Ministry
of Transportation has classified 28.3% of roadways as being in “Good” condition, while
30.9% are in “Normal” condition, and 40.8% in “Bad” condition.27 Overall, Brazil’s
roadways are in a precarious state.28
Table 4e: Highway Pavement Conditions

Federal
State
Local
Total

Paved Highways
55,905.3 Km
91,348.4 Km
16,993.0 Km
164,247.7 Km

Non-paved
Highways
34.352,4 Km
116,538.1 Km
1,429,295.9 Km
1,580,186.4 Km

Total
90,257.7 Km
207,886.5 Km
1,446,289.2 Km
1,744.433.4 Km

Source: ANTT 2005

In an attempt to address bottlenecks, the states of Minas Gerais, Goiás, and Espírito
Santo, announced in June 2006 the creation of a logistics transportation corridor linking the three states at an estimated cost of $6.5 billion. The project will rehabilitate
existing roadways and lay down new railways to improve linkages between agricultural regions in landlocked Goiás and Mato Grosso states and ports in Espírito Santo.
For this particular project, the three states involved and the federal government will
partially fund the program, and the private sector will contribute additional funds via
Public-Private Partnerships (PPP). No timeline for the project has been identified, but
Companhia Vale do Rio Doce (CVRD) has been collaborating with various technical
teams within the government.31 The initiative should significantly improve the exporting capabilities of mid-west producers.
Multilateral organizations have also become involved in the maintenance and improvement of Brazilian roadway infrastructure. The IADB is supporting the São Paulo State
government in its roads infrastructure rehabilitation (IADB São Paulo State Highways
Phase II). The project will finance the rehabilitation of critical sections of the state road
network.32 In addition, the World Bank Federal Highway Decentralization Project has
worked to speed the privatization of highways throughout the country and place more
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Municipal and state roadways are the key links, particularly between ports and the
highly productive regions like São Paulo state or the more remote interior of the MidWest. Several federal programs are trying to improve the conditions of existing roads
and highways. The Integrated Revitalization Program (PIR IV) is dedicated to the recovery, maintenance and conservation of 7,700 kilometers of highways at a projected
cost of R$710 million ($330 million). Another program, the Exploration Highway Program/ Exploration Bridge Program (PER/PEP) oversees the investments and activities
of the private companies that manage certain roadways. These “concessions” must
manage construction and services for the highway segments they were assigned.29 In
all, 36 private concessions operate in 165 markets covering 9,547 kilometers. Six are
federal concessions, 29 are state, and one is local.30
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responsibility for maintenance in the hands of the private sector.33
B-2.2.1) Gaps and Limitations
The most pressing issue in roadway transport of biofuels is highway maintenance.
This fundamental requirement has often been overshadowed by the construction and
expansion of new highways, which tend to garner more attention and support than
basic maintenance. The majority of the highway network is not paved.34 Privatized
roads have received an 84% approval rating whereas most state and federal roads are
deemed “bad or “terrible”.35 Lack of funding is compounded by inadequate weight
control of trucks. The damage caused by excessive loads is exponential, not proportional. Sophisticated weigh stations do exist but trucks usually do not stop for inspections. In addition, transit authority inspection is necessary.
The dire state of roads has a direct effect on consumers, and on demand for ethanol.
Transpetro has developed a pipeline distribution network, which services the major
consumer centers: São Paulo, Rio de Janeiro, Belo Horizonte and Brasília.36 To access
those pipelines, however, it is necessary to use a series of roadways. In regions far
from São Paulo, the current state of roads and highways is poor, and the high cost of
transport is reflected at the pump. The average price of ethanol in the southeast is $0.69
per liter, whereas the price per liter in the north is $0.89.37
The transport situation will become even more serious as capacity expands in regions
with minimal transport infrastructure. This report will detail a number of projects for
employing railroads and waterways, but it should be clear that connecting to a railroad, waterway, or major highway will always require a system of access roads. The
availability of this minimal infrastructure will be a critical part of investment calculations in the sector.
At a more general level, however, Brazil must move away from a reliance on road
transport. Even conservative estimates project 6 billion liters of ethanol exports by
2012. According to estimates by Crystalsev, 600 million liters a year of ethanol, just
10% of this projection, will require 20,000 tanker trucks. Increased use of railways,
waterways, and pipelines will be essential.
B-2.3) Railways
Brazil’s growing biofuels industry relies significantly upon rail transport (17%) as a
means to link distribution hubs and storage and export centers. Total railway coverage is 28,000 kilometers, mostly along the coastal regions of the south, southeast, and
northeast. Railway networks represent only 20% of the Brazilian transport matrix and
are responsible for 21% of cargo transport in Brazil, principally for minerals, agricultural products, and iron ore, which are transported to the various ports in the country.
In 2003, nearly 325 million tons were transported and minerals, agricultural products,
and iron comprised 80% of that load.38
An extremely sparse network of rail runs through the interior regions of the north and
mid-west, both critical regions for biofuels expansion.39
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Map 4b: Brazilian Railway Network
Estrada de Ferro Jari
Estrada de Ferro Amapa

Estrada de Ferro Trombetas

Estrada de Ferro Carajes
Cia Ferrovaria Nordeste

Ferrovia Norte Sul

Ferrovia
Centro-Atlantica
Estrada de Ferro
Vitoria-Mines

Ferrovia Norte Brasil S. A.

MRS Logistics

Ferrovia Novoeste S. A.

Estrada de Ferro Corcovado

Estrada de Ferro Parana Oeste S. A.

Estrada de Ferro
Campos do Jordao
Ferrovia Bandeirantes S. A.
Estrada de Ferro Votorantim
Ferrovia Tereza Cristina
America Latina Logistica S. A.

Source: Ministério dos Transportes do Brasil; ANTAQ

To improve services, the federal government created the National Privatization Program (PND) to privatize most of national transportation systems, including the Federal
Railway Network (RFFSA). The institutional structure is comprised of the National
Council for Privatization (CND) and BNDES with the following objectives:
1)
2)
3)
4)
5)

unburden the federal government;
improve resource allocation;
increase operational efficiency;
promote the development of a transportation market; and
improve service quality.40

Today, three entities own the rails that run throughout Brazil: RFFSA, Companhia Paulista, and CVRD. Brazilian railroads are operated, through concessions, by various private firms. Several construction projects are underway to augment the system, many
of which could help link current and future productive regions and export sites.
Principally, the rail expansion projects include:
1)
2)
3)

North-South railroad
Ferro Norte railroad
TransNordestina railroad

The North-South railroad project will link Goiás state to Brasília and then proceed
north to pass through Tocantins state and enter the coastal Maranhão state. Overall,
the additional rail will run 1,638 kilometers and allow linkages between the ports of
Itaqui, in Maranhão, and the mid-west, thereby reducing the cost of transport from that
region north. In addition, the North-South railroad will connect to two other important railroads. In the north, it will link up with the Carajas railroad, which is owned
by CVRD and covers 892 kilometers in the state of Maranhão; in the south, it connects
with the Ferro Norte railroad, described below.42
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These projects, described below, are at various stages of planning, financing, and construction.41
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The North-South railroad project is being conducted via a Private Public Partnership
with financing from the Companhia de Desenvolvimento dos Andes and the InterAmerican Development Bank. At present, construction is underway on the rail south
of Estreito, in the Maranhão State.43
The entire region through which this railway passes has great potential for ethanol
expansion and is already attracting significant investments. Anticipating the infrastructure expansion, the State of Maranhão has offered incentives for 20 new ethanol
plants.44
The expansion of Ferro Norte has four segments connecting several cities, including
Santarém, in the state of Paraná; Cuiabá, in Mato Grosso; Porto Velho, the capital of
Rondônia; and the region of Alto Araguaia, in the state of São Paulo. Construction is
set to begin in 2007 and is awaiting environmental licensing. This expansion would
reduce the cost of transport from Mato Grosso, cut fuel consumption, and generate
jobs. The project would have a particularly positive impact on the biofuels industry
as it crosses a region that is a center for soy-based biodiesel production and the site of
new ethanol distilleries.45
Finally, the TransNordestina project represents a potential boon for the rural and impoverished northeast region, especially in relation to castor bean programs in place
there through the National Program for the Production and Use of Biodiesel (PNPB).
This railway would link points in Maranhão to those in Bahia, potentially easing the
logistics of both ethanol and biodiesel transport to northern export sites. The links are
to run from Petrolina (PE) to Salgueiro (PE) and from Salgueiro to Ingazeira (CE). The
TransNordestina Railroad linking the ports of Suapé (BA) and Pecém (CE) to regions
such as southeast Piauí, south Maranhão, and west Bahia will be 2000 kilometers long.
Construction began in June 2006 and is expected to last 3 years. The Transnordestina
project will be implemented by Companhia Ferroviária do Nordeste (CFN).46
B-2.3.1) Gaps and Limitations
A key obstacle to improving the Brazilian railway infrastructure is the lack of investment in the sector. Even though the railway system is operated by various private enterprises, including CVRD, the network extends only 30,000 kilometers and is in poor
condition. Investment has been limited to the purchase of equipment and wagons.
Brazil’s government recognizes the need to support the agricultural sector by expanding the railway system, a project it sees as the shared responsibility of the public and
private sectors.47
According to experts, the current system suffers severe limitations in terms of logistics
and flexibility that lead to underutilization. For instance, although the western region
of Minas Gerais (a major producer of ethanol) has reasonable access to railroads, the
rail network is not linked to major ports for export, which leaves highways as the only
means of reaching ports.
B-2.4) Waterways
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Waterways, including the terminals and ports that they service, allow for the transport
of biofuels. Approximately 22 million tons per year of cargo are transported via waterways. The Amazon Basin represents the bulk of waterway use, at approximately 18
million tons.48
In cases where production sites and plantation areas lack access to roads or the rail
system, waterways can often be a viable alternative.49 However, the waterway system
in Brazil has not been made a high priority for modernization.
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Map 4c: Brazil’s Main Waterways

Source: Ministério dos Transportes do Brasil; ANTAQ

In their current state, extant waterways cannot support a significant expansion of the
biofuels industry or any other major sector for that matter. The government has undertaken three initiatives to improve the waterway system, including the São Francisco
River, the Paraguay to Paraná waterway complex,50 and the Paraná to Tietê Basin.
The São Francisco waterway, which is navigable, runs for 1,370 kilometers from the
southeast to the northeast, from Pirapora (in the state of Minas Gerais) to Juazeiro
(in the State of Bahia). The Sao Francisco river project is one of the most ambitious
infrastructure projects yet undertaken by the Brazilian Government. The route offers
opportunities for many industries, and especially agribusiness. The biofuels industry
in the northeast, in particular, could benefit from the access that this route offers to
consumer markets in the south.51
Map 4d: The São Francisco Basin
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When completed, this proejct would not just expand waterway routes but also reroute
the river to better distribute water throughout the dry and poor northeast. As discussed
elsewhere in this report, addressing the needs of the north and northeast is a critical
step towards a sustainable expansion of the biofuels industry. The São Francisco River
project is a step in that direction. The build-up of sediment in the river basin, caused by
indiscrimiante logging, needs to be removed for it to be navigable by larger ships.
The Paraguay to Paraná waterway complex runs for over 3,400 kilometers from Nueva
Palmira in Uruguay to Cáceres in Brazil (state of Mato Grosso). This waterway is regulated by a 1969 treaty between Argentina, Bolivia, Brazil, Paraguay, and Uruguay.52
The benefit for the biofuels industry, especially for soy-based biodiesel production, is
the access it could provide for production through the mid-west of Brazil to neighboring export markets.
Map 4e: The Paraguay Basin
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Source: Ministério dos Transportes do Brasil; ANTAQ

The Paraná to Tietê Basin link is also under construction and will connect the Piracicaba River, in São Paulo, to the Tietê River.53 It is believed that the Tietê – Paraná waterway could provide ethanol transportation, given the presence along the waterway
of at least four ethanol mills. In addition, this particular project offers the possibility
of connecting waterway transportation with pipeline networks that already connect to
the southeast, especially between Rio de Janeiro and São Paulo.
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Map 4f: The Paraná to Tietê Basin
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B-2.4.1) Gaps and Limitations
All the waterway projects described above have the potential of linking autonomous
productive regions with major consumer markets, but waterways in Brazil are likely to
remain underutilized unless certain constraints are addressed.
A number of problems plague these river routes. The system of signals and buoys is
poorly structured, making for dangerous passages. Like the rail system, the national
fleet is aging. Issues of environmental regulation also remain a concern in the expansion of waterways since they limit the amount of inflammable products that may be
transported at one time. As with the São Francisco River, the depth of most rivers is a
constraint on capacity expansion, as they currently do not allow passage by larger vessels. Additionally, not much attention has been given to the fact that bridges and dams
often obstruct passage to and from the interior of the country.54
B-2.5) Pipelines

Today, Brazilian pipelines for petroleum, derivatives, ethanol and gas are almost entirely controlled by Petrobras via one of its subsidiaries, Transpetro S.A. Created in
June 1998, Transpetro is responsible for the transport and storage of petroleum (and
its byproducts), transport of natural gas through pipelines and ships, and operation of
terminals. Transpetro is Latin America’s largest shipbuilder and Brazil’s main logistics
and transportation company, with the capacity to export one billion liters of ethanol
per year.55 Petrobras has years of experience transporting ethanol in multiuse pipelines, a practice not common in other markets.56 According to Transpetro, the company
still has no role in the biodiesel industry, due to its low volume.57
Key pipelines operated by Transpetro include the Mid-West/SP/Southeast line; the
South Region line; and the North-to-Northeast Line. Together these lines account for a
total distance of about 9,875 kilometers, about 7,000 kilometers of which are oil lines,
while the remainder are gas lines.58 Transpetro has been transporting ethanol in multiuse pipelines for many years, but the pricing structure in place has discouraged use by
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Many experts consider pipelines to be the best mode of transport for both domestic and
international markets. The main advantage is cost. While railroad construction costs
around $1 million per kilometer in Brazil, pipelines cost $40,000 per inch, per kilometer
(with a speed of 2m/s), a significant difference.
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the private sector.
The Mid-West/SP/Southeast line conveys products to the major centers of consumption
including São Paulo, Rio de Janeiro, Belo Horizonte, Brasília, and Goiânia. This line
passes through the strategic epicenters of cane production, Ribeirão Preto and Piracicaba, and connects to the ports of Alemoa, São Sebastião, Ilhas D’Água, Ilha Redonda,
and Cabuiúnas (southeast region). The South Line is divided into two parts, the first
links the states of Paraná and Santa Catarina, and the second carries products to the
state Rio Grande do Sul. The North-to-Northeast uses a hub-and-spokes model connecting to ports, which are Madre de Deus, Aracajú, Maceió, Suape, Cabedelo, Dunas,
Guamaré, São Luis, Miramar, and Solimoões.59
Table 4f: Ethanol Dedicated Pipelines
Receiving Points

Delivery Points

Receiving Points
Delivery Points

Receiving Points
Delivery Points

Receiving Points
Delivery Points

Sao Paulo/Rio de Janeiro System
Petrobras Distributora in Paulinia, SP - highway
Railway Terminal in Paulinia, SP - rail
Guarhulos Terminal - highway
Barueri Terminal - pipeline
Guarulhos Terminal - highway
Duque de Caxias Refinery - pipeline
Parana/Santa Catarina System
Araucaria Refinery
Guajamirim Terminal - highway
Itajal Terminal - highway or pipeline
Biguacu Terminal - highway
Paranagua Terminal - maritime
Jequie and Itabuna Terminals (Bahia)
Jequie Terminal - highway
Itabuna Terminal - highway
Jequie Terminal - highway
Itabuna Terminal - highway
Uberaba and Uberlandia Terminals
Uberaba Terminal - highway
Uberlandia Terminal - highway
Uberlandia Terminal - highway
Uberaba Terminal - highway and rail

Source: Transpetro

Dedicated ethanol pipelines that service ports directly are limited in number. Petrobras has developed a plan to significantly upgrade these systems, including through an
expansion of distribution ducts connecting the Refinaria de Paulínia (REPLAN) in São
Paulo to Rio de Janeiro’s Ilha D’Água Terminal.60 At present, this line can only carry
about 480 million liters per year, but with Petrobras’ current investment plans, it can be
upgraded to transport 2.8 billion liters per year by the end of the decade.61
Map 4g: South Central Brazil Ethanol Pipeline Network
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The next phase of Petrobras construction will link REPLAN to the Guararema terminal,
also in São Paulo State, which currently has storage tanks devoted to ethanol. The third
stage of the Petrobrás project seeks to link the terminals of Uberaba (MG), Ribeirão Preto (SP), and Paulínia (SP) in advance of constructing new terminals and transport boats
for the Tietê-Paraná waterway, as well as a new system of pipelines connecting Tietê
to Paulínia. The final two phases seek to connect Brasília to São Paulo. One pipeline
will bring the production from Northern São Paulo, Triângulo Mineiro, and the south
of Goiás to Paulínia, while another will connect Guararema to São Sebastião, both of
which are in São Paulo. Petrobras had said that the construction of these pipelines depends on the signing of sizeable long-term contracts with export markets, particularly
Japan, which is considering making its 3% blend option mandatory.62 There are indications that Japan’s Mitsui and Petrobras have reached a joint venture agreement to move
forward with construction, but this has not been confirmed.
Table 4g: Petrobras Ethanol Pipeline Development to 201163
Phase I
Phase II
Phase III

Phase IV
Phase V

Upgrade link between Refinaria de Paulínia (REPLAN) (São Paulo) and
Ilha D’Agua Terminal (Rio de Janeiro).
Link REPLAN to Guararema, São Paulo terminal.
Link the terminals of Uberaba, Minas Gerais; Ribeirão Preto, São Paulo;
and Paulínia, São Paulo.
Construct new terminals and transport boats for the Tietê-Paraná
waterway.
Build new system of pipelines connecting Tietê to Paulínia.
Link Northern São Paulo, Triângulo Mineiro and the south of Goiás to
Paulínia.
Connect Guararema, São Paulo to São Sebastião, São Paulo.

In addition to the Petrobras plans, UNICA, the São Paulo Sugar Cane Agro-industry
Union, in conjunction with the government of São Paulo state, is considering building
pipelines in the government land-zones that run parallel to São Paulo State highways.
These pipelines would also connect the interior to major ports, in this case Santos and
São Sebastião. A Letter of Intention between the Ministry of Transportation of São
Paulo and UNICA was signed in July 2006 for this new study.64
B-2.5.1) Gaps and Limitations
While pipelines offer a relatively low-cost method of transport, there is concern that
the existing system is aging (it is older than 20 years) and that the residues left in ethanol from multiuse pipelines create barriers to trade as quality standards vary around
the world. As ethanol travels through pipelines, it acts as a solvent for residue and
absorbs condensation, which must then be removed from the product to meet quality
standards.
Specialists emphasize the need for an integrated system of pipelines, rail and ports.
Plans for the creation of a dedicated ethanol pipeline network are well developed, but
have not been implemented.

Considering the upcoming ethanol capacity expansion, and Brazil’s desire to position
itself as a major global exporter of ethanol, ports and terminals will play a critical role.
The Brazilian port system is comprised of 31 maritime ports and 14 interior waterway
ports, all of which are operated by the private sector.65 Generally, these ports are complemented by a system of terminals that function as weigh-stations and transfer nodes.
The maritime ports serve as import-export hubs as well as distribution points for all
manner of cargo. The main exporting ports in Brazil are Santos (São Paulo), Paranaguá
(Paraná), Ilha D’Água (Rio de Janeiro), São Sebastião (São Paulo), Maceió (Alagoas),
Cabedelo (Paraiba), and Vitória (Espírito Santo).
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Map 4h: Brazil’s Main Ethanol Ports
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A study commissioned by the Brazilian government identified Santos, Paranaguá, Ilha
D’Água, and Maceió as the primary export ports [Map 4h], with a total capacity of
270,000 tons of ethanol each month. Trading companies contacted for this study estimated total capacity to be between 400,000 and 500,000 tons a month and included
São Sebastião as a primary export hub, and Vitória as having some additional traffic,
limited by storage capacity and proximity to production.
Ethanol arrives at ports and is either delivered to storage tanks or directly onto tankers. Storage areas are owned and operated both by trading companies directly, or in
many cases, independent companies. The vessels that transport the ethanol to foreign
markets are large multiuse petrochemical tankers, which require only cleaning to be
fit for transporting ethanol. The benefit for the industry is that a shipment does not
have to achieve considerable scale to make shipping economical, as any given vessel
could be transporting a number of different petrochemical products. It is expected
that as capacity expands, dedicated shipments of ethanol will leave Brazil’s ports for
high-demand markets like Japan. Already, major private-sector players are exploring
investments in dedicated ethanol terminals at secondary ports.
B-2.6.1) Gaps and Limitations
To date, Brazil’s ports have had sufficient capacity to handle ethanol exports, though
they face access issues that are common across export industries. However, the pace
of exports has grown dramatically in recent years and expanding port capacity is a
top priority of producers. According to UNICA, existing infrastructure in ports is at
capacity, with a projected 3.1 – 3.2 billion liters of exports in 2006. Primary constraints
are crowding due to a lack of shipping berths and terminals, storage capacity in ports,
and depth.
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Traffic into ports by road has reportedly faced up to a 50 kilometer backlog of trucks
awaiting entry to Santos.66 Additionally, to arrive at the Santos port, trucks must pass
through the metropolitan center of São Paulo. The average delay for transportation
and port logistics is 39 days in Brazil compared to an average of five days in other
countries.67 The increased use of alternatives like railways and pipelines will be imperative as exports grow.
Once ethanol reaches ports, storage facilities present an additional constraint. Investment is needed to expand storage facilities at ports already exporting ethanol in significant quantities and ports closer to potential productive regions, such as Itaqui in
Maranhão. Vitória port (Espírito Santo), which is very well connected to railways and
could serve Minas Gerais’ ethanol producers, has minimal storage capacity. Producers
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are forced to choose road transportation to Santos, Ilha d’Água, or Paranaguá ports.
Transpetro estimates that the cost of investment in new storage capacity is $360 per
1000 liters.68
Another constraint is port crowding due to a lack of shipping berths, which limits the
number of ships able to dock at any one time. At the Vitória Port, for instance, only
two ships can dock simultaneously close to the ethanol storage facilities, greatly slowing transfers. Additionally, restrictions on ship access where depths are not sufficient
for major tankers is a problem in many locations, including the Santos port, the largest
in the southeast region. The São Sebastião port could serve producers from the interior states, but is already crowded by Petrobras oil exports. Logistics expert Fernando
Fleury, a professor at the Federal University of Rio de Janeiro, has predicted that Brazil’s ports will need $320 million in additional investments to export 10 billion liters of
ethanol per year, which is at the higher end of export projections for 2012.69
B-2.7) Storage and Distribution
Storage capacity for biofuels, especially for ethanol, is a critical link in both domestic
and international supply chains. Even with considerable improvement of its transportation systems (roads, railroads, pipelines, etc.), Brazil will not be able to meet growing
demand if the issue of storage capacity is not addressed.
Petrobras Distribuidora is the largest storage provider in Brazil. The company is currently responsible for:
•
•
•
•
•
•

51 private distribution hubs
9 pooled distribution hubs
11 storage bases
8 ethanol collection sites
1 rail terminal in Paulínia
More than 7,200 service stations

These distribution hubs are used by firms affiliated with the National Syndicate of Distributing Firms for Fuels and Lubricants, which represents about 75% of the market.70
At the end of 2005, Brazil had 428 fuel bases with an approximate storage capacity of
670 million liters of ethanol. More than 50% of this storage capacity is located in the
south, while another 20% is located in the northeast. At the beginning of 2006, 29,650
of the 32,000 total fuel stations had ethanol-dedicated pumps. (This is in addition to the
23% mandatory blend in all gasoline sold in Brazil.71)
It is noteworthy that Petrobras Distributidora has handled most of the transport and
distribution needed for the biodiesel industry with no involvement by Transpetro.72
With production volumes increasing to the 2013 target of 2.4 billion, it is likely that
both subsidiaries will become involved.
B-2.7.1) Gaps and Limitations

B-3) Communications
In a modern and efficient export-oriented industry, changes in demand schedules must
be immediately dispatched from state to state and region to region. If Brazil is to position itself as a global distributor of ethanol, it must be able to communicate minute-byminute changes and reroute supply to various transport hubs and ports accordingly.
Further, access to telecommunications networks can greatly enhance the efficiency of
production, as evidenced by practices employed already in the sugarcane industry,
which uses satellite imaging to determine the exact moment to harvest for maximum
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The primary gap in Brazil’s storage infrastructure is the inadequacy of storage tankers
in Brazil’s ports to meet projected export demand. For more information, please refer
to the ports section.
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sucrose.
When it comes to infrastructure for telecommunications, especially in rural areas, Brazil is moving rapidly. After the first phase of privatization in the late 1990s, most of the
country’s telecommunications systems were transferred to the private sector, which
promoted technology convergence such as broadband internet connections and the
expansion of mobile phone systems.
Additionally, the Brazilian internet business-to-business segment (B2B), just a $5.4 billion market in 2001, is today a $32.5 billion market that accounts for more than half of
Latin America’s total. This growth is not confined to major cities and has already had a
positive impact in rural areas, where telecommunications improvements are expected
to bring efficiency to the agribusiness sector.
Today, 14% of the Brazilian population has access to the internet. Even though Brazilians account for almost half of South America’s internet usage, penetration is low
compared to regional leaders like Chile (27%). Fast, quality internet connections are
available to all rural properties and agro-industrial facilities in Brazil through dial-up,
radio, or cable connections, in urban areas, and via satellite communications nationwide.73
TV and internet are expected to penetrate even further in rural areas, as cable and wireless network capacities spread throughout the country. A technology that combines
mobile phones and satellite internet has also been expanded.
Contributing to this effort, EMBRAPA has implemented the AgroLivre network.
Launched in 2004, this project is dedicated to promoting the use of “freeware” computer programs for agribusiness and assists in the acquisition of equipment and software.74 It is scheduled to be completed by late 2006.75
B-3.1) Gaps and Limitations for Communications
Telecommunications networks have already proven to be an extremely valuable tool
in the modernization and competitiveness of Brazilian agribusiness. The remaining
challenge is to increase access to telecommunications, through either new systems or
improved cost effectiveness of current systems. Internet communication is still expensive for most small farmers, on whom the National Program for Biodiesel depends. In
addition, for most of the regions in which the biofuels industry wishes to expand, such
as the north and mid-west, the need for basic communications infrastructure affects the
viability of new projects.
C) Financing
The availability of financing for infrastructure investments remains a troubling barrier
in Brazil. Government investments in infrastructure have suffered severe cutbacks in
recent years. Investments in infrastructure have dipped from nearly 2% of GDP in the
1970s, to 1.2% in the late 1980s, and to below 0.2% in 2004.76 This level of investment
will not be sufficient to meet growing needs.

Prepared by Garten Rothkopf

564

Public-sector funding sources include the Ministry of Transportation, through the
National Infrastructure Fund, BNDES, and the Ministry of Science and Technology
(MCT), whose sectoral infrastructure fund goes into research and development, rather
than directly into maintenance and construction. There is ample room for additional
players, including international investors from export markets.
According to the Brazilian Ministry of Planning, Budget & Management, $1.2 billion
was designated in 2004 for the Ministry of Transportation to upgrade its biofuels transport mechanisms with a subsequent revision to $1.6 billion. However, only $1 billion was authorized as part of the spending budget. In addition, according to TRANSPETRO, $1.8 billion is being devoted to the construction of 42 ships and a program of
transport for ethanol exports.77
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BNDES has several financing lines from which biofuels infrastructure investments may
be made. The bank’s projects are the following:
• The expansion and modernization of the power sector and the diversification of the
national energy matrix;
• The resolution of urban transport bottlenecks with contoured transportation systems; and
• The enlargement of telecommunications systems.78
The bank also lists the following priorities in supporting infrastructure:
• Railway modal projects in the north and northeast regions;
• Roadway, aviation modals, ports and terminals; and
• Roadway concession projects.79
These projects are financed via BNDES lines including FINAME, FINEM, and Automatic BNDES, all of which are described in the Capacity Expansion section.
On the private-sector side, or, in this case, quasi-private sector, Petrobras, in an August
2006 announcement, increased its investment in ethanol pipelines, committing $660
million to ethanol duct maintenance and construction through 2011. Originally, the
state-owned oil company had committed $330 million, primarily devoted to projects
in the southeast. With this new funding, the project will expand into the mid-west as
well.
Petrobras believes that this expansion will triple Brazil’s ethanol export capacity – especially to Japan, where the company has established a joint venture with Nippon
Alcohol for marketing and distribution.80 As mentioned earlier, this project has been
put on hold until long-term contracts are established with key export markets, a clear
demonstration of the role global markets play in all aspects of this expansion.
Specific to biodiesel infrastructure, there is the “Financial Support Program for Biodiesel
Investments”, which invests in all phases of biodiesel production (agricultural phase,
crude oil production, biodiesel production, warehousing, and logistics and equipment
for biodiesel production). Its financing lines run via FINAME, Agricultural FINAME
and Leasing FINAME under the auspices of the Ministry of Mines and Energy.81
There is also international financing already committed. The Japanese Bank for International Cooperation (JBIC) has made a large-scale investment in the biofuels industry.
It is believed that part of JBIC’s $565 million will be devoted to biodiesel and ethanol
transport and logistics infrastructure.82 Furthermore, Belgium, Germany, France, India,
and China have begun to express interest in this sector of the biofuels supply chain.83
From a multilateral standpoint, the IDB, World Bank, and USAID have broad-ranging
initiatives that may include some infrastructure investments for biofuels.

In the global context, while most countries invest 2% - 2.5% of GDP in infrastructure,
Brazil has invested only an average of 0.5% since 1990. Across industries, infrastructure
is considered a stumbling block for growth, which is steady at less than 4%. Specifically for biofuels, the $10 billion in capacity expansion investments already underway
creates an immediate need for investment to connect these projects to markets or risk
significant losses in revenue, energy and time. In addition, the government must give
serious attention to how important logistical and inter-modal infrastructure will be for
the biofuels sector. For an industry with a rapidly growing number of participants, distribution has become extremely fragmented. National projects involving logistics and
transportation must be considered in order to reduce costs and sustain the industry’s
competitiveness. Cumulative logistical costs throughout the entire supply chain are
considered much higher than in other countries.
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The private sector, while concentrating its strategic investments in production facilities
for capacity expansion, is also engaging in infrastructure investments, particularly export infrastructure. Ethanol manufacturers and related industries are also pressuring
the government to move forward with infrastructure investments and are exploring
joint projects, such as the proposed Unica/State of Sao Paulo pipeline.
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D) Risks for the Sector
The risks to not investing in infrastructure in support of biofuels capacity expansion include an over-reliance on one mode of transport, which is currently roads, and thus elevated costs, accidents, and backlogs in moving fuel. A further concern is the inability
to compete on the international market as a result of delays in ethanol from the interior
reaching Brazil’s ports. An often-cited example is that ethanol produced in Piracicaba
and Riberão Preto must be trucked through the city of São Paulo before reaching its
coastal port destinations.84 Brazil’s ability to provide quickly and on a deadline when
oil prices skyrocket and an international importer requires supply could be severely
complicated. The lack of transport diversity could also exacerbate the country’s storage shortfalls. If production continues and backlogs occur, adequate storage space will
be critical.
Actors in this sector are keenly aware of the risk associated with making major infrastructure investments for a market that can still only be called “potential”. This hesitance was most recently evidenced by the announcement that Petrobras will not begin
construction of the touted ethanol pipeline network without long-term contracts from
export markets. Brazil is wisely seeking foreign partners, ideally from the export markets with an interest in its biofuels production, to jointly invest in infrastructure ventures, sharing both the risk and reward. Industry leaders complain that infrastructure
is following production, not leading it.
The lack of attention to infrastructure for the much smaller biodiesel industry is not as
worrisome. That said, if Brazil is to scale up production to 3 billion liters and beyond,
Petrobras Distribuidora will not be able to handle that quantity via a single mode of
transport. This is particularly the case because much of biodiesel production is likely
to come from palm and castor, feedstock cultivated in less developed regions of the
north and northeast. Because biodiesel expansion is a government-sponsored social
development program, additional consideration will need to be given to providing sufficient logistics to enable access to production by small-scale, family farmers.
Inattention to infrastructure could also limit the number of pumps available for biodiesel in the country and thereby prevent access to the blended fuel, making it difficult
to reach the 2013 target of universal B5 usage. Still, focusing too heavily on biodiesel, which carries a social development component, might take attention away from
ethanol, which by virtue of its scale is clearly the priority commodity from a business
perspective and in terms of promoting Brazil’s global leadership.
E) Conclusion
Infrastructure, particularly transport infrastructure for export, is the leading concern of
virtually every expert and industry representative consulted for this report. Cogeneration represents an opportunity for diversifying Brazil’s electricity generation capacity
both geographically and by source. Communications networks, while not universal,
are expanding rapidly and offer a platform, rather than a constraint for capacity expansion. The real challenge lies in reorienting Brazil’s biofuels transport infrastructure
to face out to export markets, expanding its overall capacity, and pushing into new
regions of production.
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There are fundamental problems in the existing transport infrastructure, which depends largely on Brazil’s roadways, that are universally acknowledged and not sector
specific. The poor conditions of the highway system and the congestion in port access
affects export industries across the board. There is no short-term, easy solution. However, looking forward, the growth of the biofuels export industry should bring a graduation of sorts. If the conservative estimate referenced in this report of 6 billion liters of
ethanol exported in 2012 is accurate, a shift into rail, waterway, and most importantly,
pipeline transport will be critical. While roads will likely remain the primary means of
domestic distribution, their relevance to export will lie in providing access to collection
points for conveyance via these other forms of transport. Various studies of ethanol
expansion have concluded that a major investment in infrastructure is needed, ranging
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from $1 billion a year for the next 20 years for production of just over 100 billion liters
to $1 billion a year for production of 31 billion liters by 2020.
The other significant bottleneck to export growth is port capacity. The primary constraints are crowding due to a lack of shipping berths and terminals, storage capacity
in ports, and depth of shipping channels. Determining where and how an estimated
$320 million in short-term (to increase export capacity by 7 billion liters) investment is
distributed is under active discussion today in Brazil, requiring an assessment of ports
as an intermediate step in a supply chain from farm to foreign market. Given Brazil’s
ambitious capacity expansion goals and the average costs of port projects underway
(terminals cost $70 million each, shipping berths cost $30 million each, etc.) investment
needs in the medium term are likely to be closer to $1 billion.
The interdependence of capacity expansion and infrastructure demands that both be
integrated into a common strategy. What is now required is a dual focus – looking
into Brazil to facilitate the growth of the biofuels industry in underdeveloped regions
and looking outward to how production reaches ports for exports. Industry leaders
complain that to date, infrastructure has followed, rather than led production. With
the current pace of investment, and with some $10 billion in new projects underway,
the time to move forward is now.

1. Develop an Agroenergy Infrastructure Fund that, with the Brazilian government
and private sector, would structure and finance integrated infrastructure projects
already identified or underway to service existing production as well as develop
new integrated infrastructure projects for areas of potential production. The Fund
would anticipate and create the market, rather than follow it:
a. Existing production projects: A number of projects are planned or underway
to facilitate export from areas of concentrated existing production. Notable examples are the construction of a pipeline to connect the Sao Paulo State REPLAN
refinery with the Ilha D’Agua port in Rio de Janeiro and the planned $600 million Petrobras pipeline expansion project through Sao Paulo Goiânia - Goiás and
eventually into Mato Grosso. In these cases, the Fund would provide financing
for complementary infrastructure projects, as needed, such as the construction
of storage facilities, the expansion of terminals and berths, and access roads to
the pipelines.
b. Identified/Proposed Projects: There are also a number of projects that have been
proposed and which reflect a clear need, but for reasons of financing, regulatory restrictions, or insufficient buy-in from key actors, have not moved forward.
Notable examples are a possible rail connection between Minas Gerais and the
Vitoria port in Espirito Santo and the development of an ethanol-dedicated terminal in Sao Paulo state, but not attached to the ports of Santos and Sao Sebastiao. In these cases, the Agroenergy Infrastructure Fund would collaborate with
relevant public and private sector actors to develop an integrated infrastructure project, analyzing the entire supply chain to identify the most cost-effective
means of transport at each stage. A set of financing packages would be made
available to the appropriate actor or actors for each component of the project.
c. New Projects/New Regions: In regions like Tocantins and Maranhao, integrated
infrastructure projects could serve as the impetus for the expansion of production
itself. In these places, pipelines or rail would help create a transport infrastructure system designed specifically for export. Today, the lack of infrastructure
in these regions is the primary disincentive to productive expansion. Studies
done for the Brazilian government predict that productive capacity could increase more than six-fold if investment is made in new projects and the research
necessary to adapt cane production to these areas is successful. Infrastructure
can lead this investment, if projects are undertaken as part of a cohesive strategy,
as advocated by this report.
2. Conduct an in-depth study of the economic impact of current regulations, that have
created a near monopoly in pipeline transport, and suggest policy alternatives.
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Actions that could be taken to improve the infrastructure to support biofuels capacity
expansion include:
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Cogeneration:
Cogeneration offers Brazil a substantial opportunity to increase generation capacity,
diversify its electricity system, improve the geographic distribution of generation, address the specific vulnerabilities of hydroelectric power, and meet the government’s
rural electrification goals. 85.4% of electricity comes from just one source, hydro, with
current supplies concentrated in the country’s south and with an average loss of 16%
in distribution. Further, while industrial growth and urban populations are concentrated in this same region, there is limited potential for new projects there. Additionally, hydroelectric power is seasonally variable, and a drought in 2001 contributed to
a shortage that year. There is also a great disparity in Brazil between rural and urban
electrification, with nearly 60% of rural households in the country’s north still without
electricity according to the most recent data. The government has recognized these
issues and is actively engaged in their resolution through new hydro, nuclear, and
renewable power projects, the ProInfa program, and an ambitious rural electrification
program, Luz para Todos. Cogeneration is not an alternative to these efforts; it is an
additional source of power that could make a much greater contribution than it does
today to addressing the specific vulnerabilities of the system. According to Brazilian
government estimates, if existing mills upgraded to high-pressure boilers, they could
provide more than 6% of the country’s power consumption in 2004, and that does not
consider further technological advances or the construction of new mills. To best exploit this opportunity, the following actions could be taken:
1. Identify appropriate policy reforms to encourage cogeneration by streamlining the
bureaucratic process or, possibly, providing a blanket authorization allowing producers to connect to the grid.
2. Conduct an in-depth study of the potential of biofuels as a source of “off-grid”
electrification, either through biodiesel-fueled systems or through mill-generated
electricity used locally.
3. Provide financing lines for investment in high-pressure boilers and infrastructure to
connect to the grid.
Communications:
Access to the internet in Brazil is still far from universal, but is growing rapidly and
offers a platform for increased efficiency in the biofuels industry and an increased connectedness with global markets. Unlike fossil fuels, biofuels can be produced on a
relatively small scale, which fits into the Brazilian government’s additional goal of using the industry as a tool for rural development. These smaller producers could gain
efficiency by using the internet to establish virtual economies of scale. This could be
through simple knowledge and information sharing, or though a more sophisticated
system of collective purchasing and marketing.
Further, as global markets develop, electronic trades in liquid global markets should
allow producers and consumers with access to the system to have direct links to one
another, or to a common global futures exchange on which to trade their products,
rather than rely on a trading company. In effect, the middle men will disappear. Possible actions to support these developments include:
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1. Developing an “Agroenergy Internet Project” which would:
a.
Serve as an initial platform for knowledge and information sharing between
producers;
b.
Develop into a means of establishing “virtual economies of scale” through
collective purchasing and marketing; and
c.
Connect producers to Brazil’s Innovation Center of Excellence network to fa
cilitate the dissemination of new technologies and improved agricultural or
processing methods.
2. Provide training to farmers and small-scale producers to ensure that they can reap
the benefits of such a system.
3. Create a “micro-financing” line that would enable small-scale producers to acquire
the necessary technology to access these systems.
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5. PILLAR IV: BUILDING GLOBAL MARKETS
A) INTRODUCTION
A key prerequisite to an overall economic growth strategy for Brazil and the Americas
must be an understanding of the global market for biofuels. Worldwide, governments
have responded to energy shortages by investing heavily in biofuels, channeling resources into research and development, designing producer and consumer incentives,
and, in some cases, imposing biofuels blending requirements. Currently, Brazil and
the United States lead the world in biofuels, producing 16.04 billion liters and 16.19
billion liters respectively in 2005,1 totals that are expected to grow to meet swelling
global demand.
For all its potential, the global biofuels trade is relatively undeveloped, and national
policies are still primarily directed toward domestic consumption. According to the
IEA, just 10% of world ethanol production in 2004 was traded internationally, and only
20% of that was used in fuel. However, the need for an international trade in biofuels
is becoming clear. Both ethanol and biodiesel production require robust agricultural
sectors, and only countries with advanced agroindustrial capacity have been able, thus
far, to create a solid foundation for the industry. Production capacity for ethanol is
concentrated largely in Brazil and the United States, while biodiesel is concentrated in
the EU. Even these relatively developed biofuels industries, however, rely heavily on
government subsidies and support, particularly in the US and Europe.
Given current levels of consumption and present growth rates, countries with high
energy demand such as the US, EU, China, Japan, and India will not be able to satisfy
their growing demand through domestic production alone. Given their natural resource endowments, optimal climate, and competitive labor and land costs, developing countries in Latin America, Asia and Africa may be among the most efficient suppliers in the future. Supporting the development of a market infrastructure in the short
run will help to ensure adequate resource allocation and access to global supply.

A functioning international biofuels market does not yet exist, but Brazil has taken a
leading role in developing the ethanol industry and designing a futures market to enable international trade of the commodity. Recognizing the global potential for trade
and development, Brazil has already signed multiple technical cooperation agreements
with countries around the world and has called for an international conference to establish consensus on global standards. Additionally, countries including the US, EU,
India, Singapore and Brazil are also beginning to develop commodity indices and risk
management tools to support biofuels exchange. International exchanges are launching new futures contracts for biofuels feedstocks and the global demand for biofuels is
slowing putting pressure on financial markets for more sophisticated biofuels derivatives. Still, the current lack of clarity over biofuels standards, coupled with the myriad
support mechanisms and protectionist measures continue to impede international
flows. Timely efforts to harmonize biofuels commodity standards, reduce institutional
and regulatory barriers, and standardize contract requirements would enable biofuels
trade and thereby enhance energy security, reduce overall GHG emissions, and contribute to international economic development.
B) DIVERSIFICATION OF PRODUCING AND CONSUMING COUNTRIES
At present, production capacity is concentrated within a handful of countries, namely
Brazil, the United States, China, South Africa and the EU, the majority of which are
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While the desire for energy security drives a significant amount of biofuels investment,
relying solely on augmented domestic capacity would, in fact, reduce countries’ overall energy security. Feedstock production depends on consistently good agricultural
conditions, and adverse weather or pestilence can easily disrupt domestic production
(as happened recently in India) and force countries to tap the international market. An
established global trade in biofuels can ensure supplementary supplies, allow for the
build up of stocks, ease price fluctuations, and reduce subsidies.
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highly industrialized, energy intensive countries that are not able to meet domestic
demand. Indeed, an analysis of supply and demand suggests that energy consuming
nations will need to import a substantial amount of their biofuels requirements from
the developing world.
There is reason to think that production in developing countries will increase markedly.
A recent study published by the International Energy Agency estimates considerable
improvements in cane-to-ethanol yields to 2020, assuming countries follow a Brazilian
industry model. The scenario illustrated below projects that 240 billion liters of ethanol
could be produced globally by 2020, with the largest production in Brazil and India.2
Table 5a: Cane Ethanol Blending Supply and Demand 2020 (billion liters)
Region
Africa
ASEAN
India
Other Asia
Brazil
Other South America
North/Central America
Oceania
Europe/Russia
World

Demand 10% gasoline +
3% Diesel
9
10
6
56
7
8
88
4
52
239

Supply
(E4 Scenario)
22
29
49
23
62
17
31
7
0
239

Balance
13
19
43
-33
55
9
-57
3
-52
0

Source: Stockholm Environment Institute3

These projections illustrate the significant asymmetries between supply and demand
centers, but they do not reflect the aggressive policies of some countries already implementing a 10% or greater minimum blending requirement. For example, Brazil already implements a 23% blending requirement with an attainable 5% biodiesel target
for 2013, statistics that significantly increase total global demand in 2020.

Prepared by Garten Rothkopf

574

A Blueprint for Green Energy in the Americas

PILLAR IV: BUILDING GLOBAL MARKETS
Table 5b: Ethanol Supply Statistics for Selected Producers
Country

Legislation

Ethanol Prod.
(2005)

Brazil

Blending
requirement
23%
Renewable Fuels
Standard
Program: current
blending default
of 2.78% for
2006

16.04 billion
liters

United States

EU

China

India

South Africa

16.19 billion
liters

Ethanol Proj.
Demand

Ethanol Proj.
Capacity

Shortfall/ Future
Outlook

28.5 billion liters
RFS requirement
by 2012.

28.39 billion
liters by 2012.

2020: 22.8
million tons

2020: 8 million
tons

In January 2006, 16.4
billion liters capacity with
additional 7.4 billion
capacity under
construction. Still, in 2005,
U.S. consumption reached
15.2 billion liter high with
4.5 billion liters imported
to the U.S. through the
CBI.
In 2005, imports hit record
high of almost 635 million
liters up from 395 in 2004;
exports fell to 70 million
liters from 87 in 2004.
10% blend, China will be
able to produce 50% of
demand.

2.7 billion liters

Renewable
Energy
Promotion Law,
E10 law in 5
states
Ethanol 5%
compulsory
nationwide in
2006

3.8 billion liters
(fuel ethanol 1.3
billion liters)

2006: 5% blend
1.7 billion liters
(fuel ethanol 200 or 506 million
liters; 2007: 10%
million liters)
or 1.12 billion
liters

n/a

In short term, India is
expected to need to
import ethanol to meet
the 5% target. (India
imported 410 ml of
Brazilian ethanol in 2005

389.78 million
liters

Although the current discussion relates specifically to the ethanol market, increased
biofuels production will most likely lead to additional trade in feedstock for fuel
biodiesel production. While statistics in ethanol trade are more readily available, international trade in vegetable and seed oils have also grown significantly in the last five
years. Rapid increases in soybean and palm oil trade in recent years may in part be the
result of increased biodiesel production.4
The ethanol trade is still relatively small due to the youth of the industry and to a lack
of appropriate market mechanisms. In 2004, international ethanol trade amounted to
approximately 3 billion liters6 (compared to 920 billion liters of traded crude oil).5 In
2005, world trade grew to 5 billion liters. Brazil exported 2.6 billion liters of ethanol7,
accounting for 53% of global ethanol trade, with the EU a distant second at 12%.8 As
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Brazil, the US, the EU, China, and India, among others, have drafted, and in many cases, passed legislation including biofuels blending requirements, increasing the global
demand for biofuels. Strong agricultural traditions and influential lobbies in many
of these countries have successfully garnered government support for biofuels development, which is revitalizing depressed agricultural sectors. Still, biofuels will not
resolve energy security issues. Unexpected and adverse weather conditions, disease
or other unexpected factors may reduce crop yields and domestic production capacity.
Some bioenergy proposals carry a nationalistic tone and rely excessively on projected
domestic capacity to meet future demand. While the primary producers have invested
heavily in domestic capacity and encouraged biofuels consumption, an exclusive reliance on domestic production enhances risk and limits the efficiency gains that an internationally competitive market would yield. As the global demand for ethanol grows, it
becomes increasingly important to diversify the geographic production of biofuels and
create a functioning market to provide equilibrium in supply and demand.
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global demand increases, it will be imperative to diversify production centers to decrease the risks associated with concentration and ensure price and supply stability.
Chart 5a: Exports of Undenatured ethanol of strength >=80% (HS220710) from the
five leading world exporters (in tons):
2,000

Brazil
USA
EU (15)
South Africa
China

x 1,000

1,600
1,200
800
400
0

2000

2001

2002

2003

2004

Source:
Source: UNCTAD
UNCTAD98

Beginning in 2001, Brazil captured the majority of the export market by significantly
expanding its capacity (beyond domestic demand) and establishing a number of bilateral ethanol agreements. The absence of a formalized biofuels markets has, to a certain
extent, impeded other producers from fully developing their industries and becoming
competitive in the export market.
Constraints on land, feedstock, and other resources virtually ensure that the highly
industrialized high-energy consumption countries will not be able to satisfy their demand with domestic production alone and will increasingly look to the international
market. To meet the demand generated by a 5% ethanol fuel blend requirement by
2010 and a 10% ethanol fuel blend requirement by 2020, the US and the EU would
need to dedicate nearly 60% of biofuels crops (including corn, sugar, and soybeans) to
biofuels production rather than for food or other uses.10
Chart 5b: Estimated Required Crops and Cropland Needed to Produce Biofuels under 2010/2020 Scenarios:
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US 5% US 10% EU 5% EU 10%
2010 2020
2010 2020

Percentage of biofuels crops
needed to produce biofuels
in scenario

US 5% US 10% EU 5% EU 10%
2010 2020
2010 2020

Percentage of total cropland
area needed to produce
biofuels crops in scenario

Source: International Energy Agency11
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Table 5c: Brazil’s International Biofuel Agreements
Country

Description of Bilateral Agreement

Jamaica

Signed letter of intent for technical Cooperation

Mexico

Mexico interested in Implementing Brazilian Production Methods

China

Brazil expects China to become its No. 1 trade partner in the near
future; Petrobras has office in Beijing; See Article below.

India

Relations between India and Brazil are the most intense that they
have been with India seeking to implement a program similar to
Brazil’s PROALCOOL to promote biofuels and flex fuel vehicles.

Japan

Challenges to investment include infrastructure, excess tax issues,
protectionist regulation, bureaucracy and market fluctuations; in
May 2005, Japan and Brazil signed a US$500 million loan
agreement to finance domestic infrastructure development
projects as well as capital investments made by Brazilian
exporters, which include local Japanese affiliates; considering an
E5 blending mandate based on imports from Brazil, In March this
year, Petrobras set up a joint venture with state-owned Japanese
firm Nippon Alcohol Hanbai to export ethanol. The new company,
Brazil-Japan Ethanol Co., serves as Petrobras' agency in Japan;
Japan JBIC To Invest $568 Mln in Brazil Biodiesel, Ethanol Projects.

South Korea

Possible trade of ethanol in the works.

Vietnam

Ethanol Technology Offered

Thailand

Partnership for Development Initiative. In 2004 Brazil signed a
contract to export 300,000 liters of ethanol to Thailand.

EU Bloc

The European Union will not forbid ethanol imports from Brazil,
said the EU Agriculture Commissioner Mariann Fischer Boel on
Monday. According to her, the bloc will continue to buy Brazil's
bioethanol.

France

France’s Dagris, co-investing in castor beans biodiesel plant in the
Brazilian state of Bahia.

Germany

Brazil, world’s largest ethanol producer and Germany, Europe’s
largest biodiesel producer, have agreed on technology exchange
opening up trade for sugarcane based ethanol and soybean
based biodiesel.

Italy

Fiat Automotives, the Brazilian branch of Italy’s Fiat reversed 2004
losses to a profit in 2005 attributed to success of bio-fuel models.

Pakistan

Interested in obtaining technology that Brazil has already
dominated in systems for compression of natural gas, production
of ethanol for use as vehicle fuel and in the chemical industry.
Sugarcane is one of the main agricultural products of Pakistan.

Nigeria

Technical and commercial support from Petrobras. The present
agreement envisages technical and commercial support for the
addition of ethanol to petrol, as well as support for the
development of the industrial process for fuel ethanol,
co-operation in production of primary materials, negotiation of
ethanol supply contracts and biodiesel production information
exchange.
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Central America:
“Technical Cooperation in the Area of Production Techniques and
Guatemala,
the Use of Ethanol” – cooperation in technology research and
Honduras, Nicaragua, development.
Costa Rica, El
Salvador
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Given agricultural, fiscal and political constraints, countries may not be able to dedicate the additional land necessary to provide domestic supply stock. Further, relying
on sustained agricultural yields would make nations vulnerable to adverse climate and
weather conditions that are capable of destroying domestic feedstock and paralyzing
production.
Existing agreements between Brazil and other developing countries [Table 5c]
Brazil has embarked on an international campaign for the development and exchange
of biofuels. Diplomatic missions have resulted in bilateral agreements for the transfer
of technology and expertise with other countries. The Brazilian government supports
the expansion of global ethanol production and is making concerted efforts to support other countries’ biofuels development initiatives. Through the global promotion
of biofuels, Brazil will provide its institutional and technological expertise to countries
seeking to develop their domestic industries, a process which will strengthen the country’s international commercial relationships and generate support for a global biofuels
market. Cognizant of growing global demand and Brazil’s productive efficiency, the
country stands to gain tremendously from enhanced commercial relationships, trade
agreements, and a global market through which it can competitively export to demand
centers.
Brazil has identified biofuels as a tool for international economic development and
seeks to enhance global capacity to develop and sustain a liquid commodity market for
biofuels. As one of the world’s leading biofuels producers, Brazil continues to establish
various commercial relationships with public and private sector entities interested in
acquiring Brazil’s technology and expertise. Fostering growth and healthy competition
within the biofuels market will breed efficiency and generate positive social, economic
and environmental returns.
C) GLOBAL STANDARDS AND TRADE ISSUES
The Need for International Standards
A more robust biofuels trade will require a more sophisticated market and standardized means through which the commodity can be efficiently and profitably traded.
International standards for biofuels have yet to be codified, and the harmonization
of different national regulations is imperative to facilitate trade, diversify global energy sources, and satisfy rapidly increasing global demand. An international minimum
standard would assure buyers and sellers that the fuel purchased in the international
marketplace would be of standard quality and would not pose risks to the end user.
Further, standardization would reduce barriers currently distorting international markets and enable suppliers to trade more readily, fomenting competition and breeding
efficiency.
Designing a globally recognized standard will be an exceptionally complex task, in
large part because national biofuels industries have agricultural, industrial, political
and other stakeholders. Interested parties must agree on specifications and criteria
to be applied consistently in the classification of and terminology for each fuel and in
their manufacturing processes, testing, and analysis.
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Industry leaders, notably Brazil and the US, could in theory provide a basic template
and set of best practices for smaller producers. Yet, there are significant variations even
between Brazilian and US ethanol standards and measurements. As a result, entrepreneurial countries seeking to define their national standards lack a consistent framework from which to work, leading to the proliferation of individualized standards.
Some countries such as Australia12 have mixed and matched elements from the US and
Brazilian standards and applied them to their domestic industries.
Current Position of the WTO
A further complication is the World Trade Organization’s failure to distinguish between
fuel and non-fuel ethanol under its Harmonized System. Current classifications fail to
differentiate products by their chemical composition.13 Further, ethanol fuels are rec-
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ognized as agricultural products whereas biodiesel products are labeled as industrial,
thereby incurring substantially different treatment under international trade rules for
subsidies and other domestic policies.
Amending the Harmonized System and creating explicit criteria for biofuels in terms
of chemical composition, processing characteristics, and end-use is a possible approach. However, the Harmonization System is reviewed only once every four years,
and WTO decisions must be unanimous. There is also the danger that supplementary
WTO agreements such as the agreements on Agriculture, Subsidies and Countervailing Measures, and Sanitary and Phytosanitary Measures will permit countries to erect
and maintain barriers to protect their domestic industries.
The Agreement on Technical Barriers to Trade (TBT) is the WTO’s principal agreement
on standards, regulations, and labeling and could serve as a channel for the codification of biofuels regulations. The Agreement allows countries to establish standards at
their discretion, as long as they do not discriminate or create illegal barriers to trade.
The TBT could support the development of international biofuels standards insofar as
it applies mandatory measures that specify the characteristics of products and their
related processes and production methods.14 On the other hand, exceptions under the
GATT General Exceptions provision may actually assist countries to access desirable
export markets. The General Exceptions clause allows parties to trade directly and
circumvent some of the barriers resulting from regulatory ambiguity or uncertainty regarding biofuels. The GATT General Exceptions clause would prevent countries from
being victims of arbitrary or unjustifiable trade discrimination from other countries
attempting to unfairly protect their domestic industry.
Establishing a Common Standard
While the WTO provides general classifications, individual stakeholders have spearheaded efforts to devise a minimum standard to be applied within their industries. In
2005, the Government of Australia sought to define a fuel standard by comparing other
existing national standards on ethanol. The group drew primarily on the experiences
of the US, EU, and Brazil and established a set of 13 key parameters for ethanol that
impact fuel emissions, fuel consumption, and engine durability and operability. The
Sao Paulo Sugarcane Agroindustry Union conducted a similar comparison to identify
specification trends and isolate common features.
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As discussed, ethanol can be divided into various categories according to its chemical composition and processing, including bio-based, synthetic, hydrous, anhydrous,
proprietary grades, denatured and undenatured. The Australian study indicates that
anhydrous ethanol is used most commonly in petrol, with the exception of Brazil. The
majority of countries therefore use high-purity anhydrous ethanol as a point of departure for fuel ethanol standards.15 Anhydrous fuel ethanol is ethyl alcohol with an
extremely low water content, generally derived from biomass such as sugarcane, sugar
beet, corn, grains, and cellulose stock.16 Due to the varying feedstock and processing
procedures associated with anhydrous ethanol, there exist a myriad of specifications
that differ across sectors.
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Table 5d: Comparison of Specifications for Anhydrous Ethanol
Specification
Aspect/Appearance
Color
Ethanol Content
Water Content
Total Acidity (as acetic acid)
Density
Hydrocarbon content or denaturant
Electrical conductivity
Methanol Content
Aldehydes (as acetaldehyde)
Copper
Chlorine
Sulfur
Non-volatile Matter
pHe
Solvent-washed Gum
Fusal Oils
Esters

Brazil
x
x
x
x
x
x
x

USA
x
x
x
x
x
x

x

x

Sweden
x
x
x
x
x
x
x
x*
x

Poland
x
x
x
x

x
x
x

Canada
x
x
x
x
x
x
x

x
x

x
x
x
x
x
x

Source: UNICA17

Both global surveys determined that it would be necessary to define the type of ethanol, harmonize its specifications, and determine whether the specification refers to
denatured fuel or not. The United States has taken the position that ethanol should
be sold as denatured fuel ethanol given that US ethanol will be sold on the market as
denatured. However, given that countries have differing denaturing requirements and
that the majority of global producers export undenatured ethanol, a general standard
for undenatured fuel ethanol will not only apply to a greater percentage of traded ethanol stocks, but it will allow individual countries to then maintain their own denaturing
requirements.18 Given the fact that Brazil currently supplies approximately 53% of
global ethanol, it is more likely that an international standard will be based on Brazilian practice. In any case, it is critical that such issues be addressed in an inclusive and
coordinated manner to facilitate international exchange and ensure global supply.
Seizing the opportunity
Discussions of international standards have been slow to materialize, and at the recent
G8 summit in Saint Petersburg, President Lula da Silva called for more urgent international participation in the creation of harmonized biofuel standards. In order to facilitate this dialogue, Brazil is currently proposing an “Ethanol Forum” to bring together
various industry stakeholders and establish international standards. Given that the
US will be Brazil’s largest ethanol export market in 2006, President Lula is seeking to
cooperate closely with the United States in this endeavor. In February 2007, US Secretary Undersecretary of State for Political Affairs visited Brazil and Argentina to discuss
hemisheric cooperation in ethanol and other biofuels. The Brazilian Trade Ministry has
indicated that the US and Brazilian industrial standards agencies have already begun
cooperation on defining standards such as levels of impurities and solid residues.19
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The European Union has yet to develop a common standard for ethanol or biodiesel.
The European Commission along with the Dutch Standardization body (NEN) that
currently holds the CEN Secretariat for Automotive Fuels Standards and the International Fuel Quality Center (IFQC) have coordinated a biofuels standards conference
for February 2007. The EC collaborated with the US Department of Commerce and
received contributions from Brazil to prepare the agenda for the international conference that will address both ethanol and biodiesel standards.20
Harmonizing inconsistent national standards and clarifying trade regulations are
therefore urgent priorities. Ethanol is the natural starting point, but any progress made
on standards for ethanol will benefit the rest of the biofuels sector as the expanding
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biodiesel industry will inevitably require similar attention.
D) GAPS AND IMPEDIMENTS
A lack of consistent standards is not the only obstacle to an international biofuels market. A variety of trade barriers including tariffs and other measures are also obstructing international trade. The United States has an ad valorem tariff of 2.5% plus an
additional tax of $0.54/gallon. Similarly, the ad valorem tariff on Canadian ethanol
was $0.19 per gallon; $0.65 per gallon in the European Union; and $1.35 per gallon in
Japan.21 Non-tariff barriers such as sanitary and phytosanitary measures and national
origin requirements, among others, also restrict international exchange. Numerous incentives exist for governments to protect their domestic industries. Governments view
biofuels development not only as a means of diversifying their energy supply, but also
as a means to revitalize depressed agricultural sectors. Protectionist trade policies will
likely remain in the short to medium term as governments argue that their “infant industries” would be unable to survive in an internationally competitive market.
Domestic regulations such as mandatory blending requirements, property or performance specifications, labeling, health and safety as well as environmental regulations
may also restrict trade flows. An international minimum standard would be needed to
assist exporters and importers to transcend these barriers.
E) A FUNCTIONING MARKET: Tools for Efficient Biofuels Trade
The Role of Futures Contracts
Futures contracts allow producers and buyers of agricultural commodities to insulate
themselves from future price fluctuations. By agreeing now on the price for a commodity to be delivered months in the future, buyers and sellers can protect themselves
against market fluctuations. In an industry where output can vary precipitously from
year to year, the role of futures contracts must not be underestimated: they allow sellers
and buyers to budget, allocate resources, and conduct their operations without paralyzing levels of uncertainty.

• Demand: The most important determinant of the price of ethanol is the quantity
demanded by consumers. Demand will fluctuate with the price of complimentary
goods like gasoline, which must be consumed alongside ethanol, and with the price
of substitutes, like MBTE.
• Input Prices: The price of ethanol is tied to the prices of the commodities that are
its inputs. Since these inputs are agricultural, their prices can fluctuate greatly. In
addition, since the inputs to ethanol production can be used for food as well as ethanol, producers also face price risk associated with demand and supply variations in
the food market.
• Public Policy: Uncertainty about the adjustments that governments will make to
ethanol-related regulations adds to the price risk faced by ethanol producers and
buyers.
• Technology: Technological advances in ethanol production and transport are significant and unpredictable, and can have important effects on price.
• Transportation: Fossil fuel prices affect the day-to-day price of ethanol transportation and, ultimately, the end price of ethanol. In addition, as international trade in
ethanol increases, parties to ethanol transactions will face low-probability but highseverity risks associated with transportation accidents—the classic example being
the sinking of a tanker. Futures markets do not provide a direct hedge against this
risk, but they allow all of the participants in the markets to hedge against the scarcity-related price effects of such catastrophic loss.
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The Importance of a Futures Market to the Fuel Ethanol Industry
The fundamental task of any futures exchange then is to allow producers and buyers
of a commodity to insulate themselves from risk associated with unexpected short and
medium-term price fluctuations. In the specific case of ethanol, this risk is significant,
and can be divided into six distinct (though not entirely exhaustive) categories:
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A risk-mitigation strategy that addresses only one of those variables can never be successful. Ethanol producers can neutralize their exposure to an increase in price of
sugar by “going long” in the sugar futures market, and can hedge against the risk of
higher fossil fuel prices by doing the same in the oil futures market, but they cannot
fully protect themselves from fluctuations in the end price of ethanol itself, because
that price depends on factors other than the price of sugar and oil. Empirical data (see
chart below) reveal the imperfect correlation between the prices of the three commodities. An ethanol producer that sought to use sugar and oil futures as a hedge against
price risk over the last 10 years would have been stymied.
Chart 5c: Prices of Oil, Sugar and Ethanol 1994-200422
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History of Ethanol Futures Exchanges to Date
As the international fuel ethanol market has emerged, futures exchanges have started
to offer fuel ethanol contracts. So far, three institutions have offered ethanol futures
contracts: the New York Board of Trade, the Chicago Board of Trade, and the Brazilian
Mercantile and Futures Exchange.
• The Brazilian Mercantile and Futures Exchange (BM&F): BM&F began offering futures
contracts in March 2000 and as of 2006 remains the only exchange offering a viable
sugar-based fuel ethanol instrument. However, insufficient liquidity means that
excess ethanol is often liquidated on the spot market. In addition, unclear tax regulations have tended to discourage participation in the exchange.
• The Chicago Board of Trade (CBOT): CBOT began offering futures contracts for US
corn-based ethanol in March 2005. The board went electronic in 2006 as participation accelerated. CBOT was acquired in October by the Chicago Mercantile Exchange, the world’s largest commodities exchange.
• The New York Board of Trade (NYBOT): NYBOT, a smaller exchange that focuses on
coffee, sugar, and cocoa, introduced a sugar-based ethanol futures contract in May
2004, but the product failed to attract sufficient interest and is now mostly defunct.
Recently, NYBOT has been exploring the possibility of re-introducing an internationally-targeted ethanol instrument, and there are unsubstantiated rumors of a
partnership with the BM&F.23 NYBOT was acquired by the energy-focused Intercontinental Exchange in September 2006.24
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Table 5e: Leading Futures Exchanges:
Rank
1st
2nd
3rd
4th
5th
6th
7th
8th
9th
10th

Exchange
Chicago Mercantile Exchange (CME)
Eurex Deutchland (EUREX)
Chicago Board of Trade (CBOT)
Euronext
Brazilian Mercantile & Futures Exchange (BM&F)
New York Mercantile Exchange (Nymex)
Mercado Mexicano de Derivativos (MexDer)
National Stock Exchange of India (NSE)
Dalian Commodity Exchange (DCE)
London Metal Exchange (LME)

Traded Contracts
January thru August 2005
548,314,309
512,190,217
383,639,398
322,359,754
118,799,059
109,917,845
80,280,532
65,538,054
62,624,317
44,214,137

25

Source: Brazilian Mercantile and Futures Exchange26

In addition to the above referenced exchanges, in January 2007, the Monetary Authority of Singapore (MAS) approved the launch of the Crude Palm Oil or CPO Futures
Contract on the Joint Asian Derivatives Exchange (JADE). JADE is an electronic commodity derivatives exchange created as a joint venture between CBOT and the Singapore Exchange. The project was established to provide the Asian market with a
developed, electronic and real-time trading infrastructure.
None of the other large commodity exchanges in the US, Europe, and Asia have expressed interest in offering an international sugar-based ethanol instrument, though it
is conceivable that they might do so in the future.

The second challenge is the promulgation of effective ethanol standards. As discussed
previously, standardization is the cornerstone of exchange-traded futures contracts,
because it allows an exchange to successfully match relatively smaller numbers of buyers to sellers (and thereby facilitate liquidity). Futures contracts must specify easily
verifiable and internationally applicable measurements of quantity (e.g., weight at a
specific temperature), quality grades (color, appearance, hydrocarbon content, etc.),
ports of delivery, and fees. No internationally-accepted standards currently exist. The
US defines ethanol based on 9 measurements, Brazil uses 16, and their requirements
vary on all shared measurements except appearance, which they agree should be clear
and free of suspended matter.28 Another particularly important factor for the international success of an ethanol futures instrument is that it stipulates the right ports of
delivery. The now-defunct NYBOT contract made significant progress by allowing
delivery in eight Latin American and Caribbean countries in addition to the US.
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Outlook for the Future
Exchanges that wish to enter the ethanol market must address four key challenges to
effectively serve the needs of the ethanol production community. The most important
challenge is liquidity: the volume of futures contracts traded to date have not been large
enough to guarantee that any party who wishes to buy or sell a contract can do so at
any time. Liquidity is a prerequisite of any market, and its absence can create a vicious
cycle: participants do not want to enter the market unless they are comfortable with
its liquidity, but the market will not be comfortably liquid until a sufficient number of
participants enter. Another challenge for ethanol is that its uniqueness as a hybrid agricultural-fuel product may allow it to slip under the radar of futures speculators that
specialize in either agriculture or fuel, but not both.26 Finally, liquidity is also inhibited
to some extent by consolidation in the ethanol market.27 When prices are high, buyers
have less incentive to enter into futures contracts, because the probability that price
will rise even further is low. In a decentralized free-market environment, they will be
forced to enter into contracts, because producers will not want to sell their product any
other way. But when a relatively small number of buyers have market power—as they
do in the ethanol market—they can use that leverage to force producers to sell them the
commodity on the spot market, without the protection of a futures contract. Consolidation thus tends to encourage buyers to go outside the futures market.
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The third challenge is the development of trustworthy financial infrastructure. The
CBOT and the NYBOT have robust electronic trade boards, use respected clearing
houses to handle their transactions, and are governed by relatively transparent and
respected US-based regulators. The BM&F, by contrast, labors under a regulatory and
taxation environment that has yet to win the confidence of the international trading
community. In addition, it does not yet have an electronic trade board, making transactions less efficient and dissuading some participants.
There is no evidence to suggest that any one of these challenges is serious enough
to prevent the emergence of a viable futures exchange. If the BM&F gains the trust
of international speculators, or if already-trusted US-based exchanges like CBOT or
NYBOT make a commitment to serving the international market, these infrastructure
concerns will become irrelevant. The standardization challenge will likely become less
formidable as an exchange gains experience serving the fuel ethanol market. And the
market concentration that apparently inhibits liquidity will naturally tend to erode as
the ethanol industry matures and begins to behave more like a “normal” commodity.
As the fuel ethanol market matures, and as producers become increasingly aware of
the extent of price volatility, a robust futures market is all but guaranteed to grow up
alongside it in order to serve this demand—just as a sugar futures market grew up
around the sugar market almost a century ago.29
The primary outstanding question, then, is which particular exchange will end up
hosting this market. CBOT and NYBOT benefit enormously from their physical and
regulatory location in the worldwide financial capital markets, where they naturally
attract the trust of international traders. But the BM&F, which is almost as big as CBOT
and bigger than NYBOT, is uniquely located in the center of global production and consumption of sugar-based ethanol. Further, while US imports of sugar-based ethanol
have spiked recently as the US fills the ethanol shortage created by its MBTE-replacement legislation, it has a clear long-term political commitment to meeting its domestic
needs through the use of domestically-produced corn ethanol. If this commitment
is maintained, it will likely distance the US from the rest of the world, where sugarbased ethanol continues to extend its dominance. If the BM&F is able to attract foreign
traders and if it offers internationally-acceptable standardized contracts, it could well
emerge as the center of the international fuel ethanol derivatives market.
According to the chief economist at CBOT, biodiesel production for 2006 was 1/40 of
the size of the US ethanol market. In 2006, US ethanol production was 15.14 billion liters valued at $8 billion dollars. The biodiesel industry would need to produce a value
of $1-2 billion annually in order to support a futures contract. Valued at approximately
$200 million for 2006, the biodiesel market would need to grow by 4-5 times in order to
meet the minimum threshold. CBOT contends that it will be 3-5 years before the market will require a risk management tool for biodiesel.30 However, CBOT’s figures are
based on US production and trade of biodiesel. Rapid increases in both capacity and
demand in on international markets, particularly in the EU, may push require futures
contracts to develop more quickly.
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Meanwhile, a number of banks and financial management institutions are responding
to increased trade of biofuels feedstock. The UBS Diapason Global Biofuels Index31 is
published in US dollars, euros, Swiss francs and Japanese yen. The index is made up
of futures contracts on 10 physical commodities, including corn, two types of sugar,
wheat, barley, rice and lumber in the ethanol group and rapeseed, canola and soybean
oil in the biodiesel group. The index provides market participants with precise price
fluctuation information for the various feedstock. The index is not a risk management
or hedging tool per se, but it has been useful for investors to track prices and speculate
direction within the market.
Also on the European market, the international derivatives arm of Euronext launched
the first derivatives contract for rapeseed oil, the primary ingredient used in the production of biodiesel. Euronext.liffe is the only exchange in the world that offers contracts for three of the principal components of biofuels, including wheat, sugar and
rapeseed.32 The new rapeseed contract comes in response to a high demand for biodie-
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sel from the EU, which has targeted a doubling of production to more than 13 million
tons by 2010.
F) CONCLUSION
The growing number of government sponsored renewable fuel programs and mandatory blending requirements contribute significantly to the burgeoning global demand
for biofuels. As renewable fuel programs expand, limited arable land and constrained
feedstock capacity will require a functioning biofuels market to transfer needed supply from efficient producers to growing consumer markets. The International Energy
Administration states that growing demand for biofuels could replace petroleum by
a share of 6%. While cost and technological barriers have historically impeded the
sector’s development, elevated international oil prices, superior agricultural and industrial processes, and sophisticated biotechnology are now making the economics
of biofuels increasingly efficient and competitive. However, protectionist measures,
heterogeneous classifications and undeveloped trading mechanisms impede the cross
-border flow of biofuels which ultimately undermines countries’ ability to diversify
their energy portfolios and reduce their exposure to oil price volatility.
The pronounced asymmetry between global supply and demand centers underscores
the need for a functioning biofuels market. Despite significant production capacity in
countries such as the United States, Brazil, China, South Africa and the EU, aggressive
biofuels mandates and intensive energy consumption will undoubtedly outstrip domestic supplies. Enhancing national energy security will not only require augmented
domestic capacity, but it will demand a market through which energy intensive countries can readily access supplies from global producers in Latin America, Africa, East
Asia and elsewhere in the developing world.

While biofuels are currently traded on a limited scale, a defined set of production and
exchange standards will need to be established in order to facilitate the free flow of
supply stocks. Establishing an international, cooperative trading framework is undoubtedly complex and will require the participation and agreement of nations currently employing (and promoting) unique standards. With the exception of recent,
preliminary discussions within the World Trade Organization, there has not been a
collective international effort to harmonize biofuels standards and to develop a trading mechanism to facilitate the exchange. The WTO has acknowledged the difficulty
of classifying biofuels due, in part, to the agricultural and industrial nature of ethanol
and biodiesel. The WTO does not currently define fuel and non-fuel ethanol and, further, has not determined the appropriate treatment for biofuels given the substantial
subsidies and state support that currently characterizes the industry. As pioneer and
leading global producer of ethanol, Brazil has, however, engaged in an international
diplomatic and commercial campaign to promote global biofuel exchange. Through a
variety of political and commercial agreements, Brazil contributes its technology and
biofuels expertise in an effort to augment global capacity to drive the development of
a liquid biofuels market.
Timely efforts to harmonize standards, reduce trade barriers, and standardize contract
requirements will help provide a basic framework for a functioning futures market allowing buyers and sellers to reduce their exposure to the various risks associated with
commodity trade.
At present, the Brazilian Mercantile Futures Exchange (BM&F),
the Chicago Board of Trade (CBOT) and the New York Board of Trade (NYBOT) offer
ethanol futures contracts, although on a limited scale. In order for one of the referenced Boards to gain the confidence of traders and become the primary mechanism for
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Due to the price and supply volatility of oil, many nations are embracing biofuels as
a means of reducing their oil dependence. However, in the drive to augment domestic production capacity, few countries have recognized biofuels trade as an integral
component of their energy security strategy. While domestic investment will assist
countries’ to diversify their energy supply portfolios, adverse weather conditions or
damage to domestic feedstocks could actually undermine energy security if there is not
a functioning, liquid market to rapidly supply shifted demand.
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international biofuel exchange, it must incorporate a harmonized set of international
standards, provide sound financial infrastructure and have sufficient liquidity. While
barriers remain, the global demand for biofuels continues to grow and the need for a
functioning global market is becoming increasingly acute.
• As part of the Global Centers of Excellence Initiative, the IDB could support the creation of a Global Standards Initiative to develop, promote and foster the adoption of
global standards in biofuels production, processing, transportation, etc. At the outset, the IDB and other International Financial Institutions could jointly sponsor an
international conference bringing together governmental, industrial, agricultural,
and commercial stakeholders to draft preliminary biofuels standards;
• Provide financial, political and organizational support for the development of an
international biofuels certification board that guarantees the quality and composition of exported biofuels;
• Support the creation of a strategic ethanol reserve in Brazil to prevent disruptions in
the domestic supply of ethanol and preserve Brazil’s global reputation as a reliable
producer.
• Support the BM&F as a preferred biofuels exchange board and assist in the modernization of exchange such that the BM&F will operate at a level on par with the
NYBOT and CBOT;
• Coordinate with other International Financial Institutions such as the African Development Bank, Asian Development Bank and others to support technology transfer to diversify and increase global capacity and assist producers in adapting current facilities for bio-fuel conversion;
• Cultivate dialogue with the automobile industry to develop more efficient engine
technology and promote flex-fuel vehicles around the world;
• Incorporate all stakeholders including the petroleum industry into periodic global
biofuels strategy sessions to enhance cooperative ‘buy-in’ and to broaden the scope
of biofuels promotion.
As this industry progresses, total global demand will be a combined function of political will, sustained investment, regulation, oil prices and other endogenous and exogenous factors. Given current positive trends in biofuels, the number of buyers and
sellers requiring a tradable market for biofuels will only grow. The IDB is uniquely
positioned to engage the various stakeholders and play a leading role in promotion of
biofuels as an effective and sustainable tool for development.
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LAC: BARRIERS TO BIOFUELS PRODUCTION AND USE
A) INTRODUCTION
The countries of Latin America and the Caribbean (LAC) have exhibited both interest
and great promise in the development of biofuels. The abundance of arable land
and the existence of optimal climatic conditions in the region, coupled with excess
production of feedstocks used for biofuels in many countries make the region well
suited to become a productive center in a global biofuels trade. Added to their natural
endowments is the concentration of activity and labor in their agricultural sectors,
providing the impetus for biofuels promotion for rural development’s sake and the
industrial structure on which to build and expand a vibrant agroenergy sector. The
intent of this report has been not to make a judgment on, nor to suggest that, certain
countries undertake the effort to develop a biofuels market—that decision should
result from rigorous, individual study and analysis—but to respond to the enthusiasm
of regional leaders voicing their desire to follow this path. The key goal of this report
is assisting the IDB to identify key areas in which it could act to support nations in their
efforts.
B) REGIONAL POTENTIAL
There are various opportunities for growth in biofuels within LAC, and there are
countries in varying stages of biofuels development across the region and across the
different segments of the biofuels market. For example, Guatemala holds great potential
for ethanol production as the largest sugar producer in Central America: the country
harvests 197,000 hectares of sugarcane and processes it with 15 sugar mills; its sugar
industry earned the country nearly $500 million in 2005; and Guatemala ranks fifth
in terms of global sugar exporters, exporting 72% of its production. Jamaica also has
great potential for expanded ethanol production and export with roughly 347 million
liters of ethanol production capacity and expansion plans for up to an additional 220
million liters. While Jamaica’s focus to date has been the dehydration and re-export of
Brazilian ethanol to the US market, the country produced 2.1 million tons of sugarcane
and sugar crop from 48,000 hectares in 2004 and has untapped potential to produce
biodiesel from castor, a crop that grows wild on the island.

Another example of biofuels development potential is Colombia, which exhibits great
potential for biodiesel production and which could potentially serve as an example for
other countries in the region, such as Honduras. Leading the Americas, Colombia is
the fifth largest producer and exporter of palm oil in the world, and is fourth in terms
of yield per hectare. Colombia has 190 million hectares planted and a national plan
that calls for the cultivation of an additional 640,000 hectares by 2020. Honduras has
a similar plan to plant an additional 200,000 hectares of African palm to supplement
the 84,000 hectares it currently has under cultivation. Colombia, however, boasts a
robust and comprehensive regulatory framework for biofuels production, something
that is currently lacking in Honduras and other countries either producing or hoping
to produce biofuels.
There are also countries like Chile, which at first glance appear to have minimal prospects
for biofuels production due to land restrictions and a lack of available feedstock, but
which has great potential for second-generation ethanol production due to its capacity
for woodchip production. Wood chips are the country’s third largest export, and they
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In addition to their production capacity and future production potential, these two
countries, like several others in the region, have access to the US market through the
Caribbean Basin Initiative and CAFTA. These market incentives, coupled with the need
to reduce dependence on oil imports and address the environmental consequences of
excess carbon emissions, have helped to drive regional biofuels development goals.
Similarly, Mexico, with its proximity to the United States and open access to the US
market under NAFTA, has strong external incentives to produce biofuels that reinforce
its domestic incentives: the need to reduce air pollution, promote rural development,
and potentially supplement declining oil reserves.
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are shipped to 86 countries including the US, Japan and Europe. These are of course
not the only promising projects in the region or the only countries with potential, but
they do illustrate a variety of projects and a range of strengths. These strengths are
often accompanied by an equally diverse set of obstacles.
C) REGIONAL NEEDS
In order to structure this discussion, this report has developed a basic four phase
framework for the development of biofuels industries. While it cannot perfectly reflect
the varied paths taken by countries to date, it offers a useful tool for understanding the
needs of each country moving forward.
•

Phase I: First Steps
o Limited domestic consumption and production, or production almost
exclusively for export, but government interest or commitment to
the development of a domestic biofuels industry
o The commission of feasibility studies to determine the viability
of a biofuels industry, the appropriate feedstock, and the needed
regulatory framework

•

Phase II: Basic Industry Development
o The development of production capacity
o Establishment of achievable domestic blend mandates
o The development of basic distribution infrastructure

•

Phase III: Innovation, Efficiency, and the Development of Related Industries
o The development of best-practices and production efficiencies,
including cogeneration
o Research into productive technology and feedstock optimization
o Manufacture of co-products such as bio-chemicals like glycerin for
pharmaceutical or cosmetic production

•

Phase IV: Next Generation
o The use of second-generation production technologies
o Establishment of higher blend targets and/or promotion of flex fuel
technology
o Infrastructure upgrades to allow for the distribution of higher blends
nationwide and large-scale export

The needs of countries in Latin America and the Caribbean can also be divided into
five main categories:
1)
2)

3)
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4)
5)

Feasibility Studies - to identify key areas of competitiveness, appropriate
feedstock, and environmental constraints, as well as to assess socio-economic
impact and opportunity costs of a national biofuels program.
Technical Support for Regulatory Regimes - to frame the targets and objectives
of a biofuels sector, develop standards for production and blending, and
establish appropriate production incentives such as zoning, favorable tax
policies, and demand guarantees.
Capacity Expansion Financing – to encourage private-sector investment
through dedicated financing lines structured to reflect the specific development
paths of different feedstock.
Infrastructure Financing – to support infrastructure development and
maintenance for domestic distribution and export.
Support for Innovation – to propel the sector through research and
development as well as education and labor training.

C-1) Feasibility Studies
There are a variety of countries interested in entering the biofuels market or significantly
expanding production, and they require, or will require, technical assistance and
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financial support in analyzing the feasibility of such a move, as well as for pilot
programs. There are several reports available on biofuels development at the regional
level; however, a number of countries have expressed an interest in studies which
focus on the specific issues facing their particular country, including the impact of
biofuels production on their economy or the competitiveness and viability of biodiesel
production within their borders. Guatemala and Honduras, for example, are two
countries with the potential for commercial-scale biodiesel and ethanol production,
and they have each voiced an interest in individual, detailed feasibility studies to
outline the potential impact of biofuels development. A number of other studies could
be executed in a variety of countries, such as:
•
•
•
•

Examination of soil quality to identify optimal areas for feedstock cultivation,
and test farms for the growth and harvest of different feedstocks;
Environmental impact assessment of biofuels production, including water
demand, deforestation, soil erosion and degradation, and carbon and other
pollutant emissions from production;
Examination of the rural development impact of biofuels production and the
potential for social inclusion programs tied to the industry; or
Assessment of government biofuels incentives and subsidies to promote and
support production and use, or simple demand guarantees, and evaluation of
the sustainability of of biofuels markets.

Countries already producing biofuels are also looking to generate economies of scale
and, in some cases, identify export markets, which also require study of the feasibility
of co-generation and co-product development as well as that of improving harvesting
and production processes, and an examination of global markets to identify demand
gaps which need to be filled.
C-2) Regulations
Countries in the region are at varying stages of regulatory development for biofuels
production, exportation, and domestic consumption [Table 1], and technical cooperation
on regulations, as well as regional collaboration to share regulatory experiences, would
serve the region well. The following have been identified as areas of need for LAC in
terms of regulatory structure:

•

•

•

Privatization - including the overhaul of aging and inefficient government
sugar industries, including plant infrastructure;
Market Parameters - including the development of fuel definitions and
specifications; the mandate of environmentally and socially sustainable
methods of feedstock cultivation and biofuels production; and the creation of
incentives for production, such as tax holidays;
Domestic Consumption - including mandatory blending; mandatory use
of biofuels by public vehicles and taxi fleets (to ensure a minimal level of
demand); public education campaigns; and tax structures which support the
competitiveness of biofuels; and
Clean Development Mechanism (CDM) Project Development - including the
provision of assistance to project sponsors hoping to develop CDM projects
in the host country, and the establishment of regulations to account for
uncertainties regarding the Kyoto framework extending beyond the Protocol’s
2008-2012 commitment period or between periods.

Of the 22 countries examined in this report, a number which excludes Brazil, only
five (all in South America) have a cohesive national biofuels plan. Of these same
22 countries, 50% have regulations to either mandate blend targets, to define the
parameters of the sector, or outline fiscal incentives for production; four countries
have pending legislation. These countries are at varying stages of development, from
Colombia, which has comprehensive regulation as well as production, to Trinidad
& Tobago, which dehydrates and exports ethanol but has no national framework in
place. In countries where there is not a comprehensive framework in place, regulatory
assistance and collaboration would be beneficial.
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Additionally, there are countries which face problems such as powerful sugar or oil
lobbies or inefficient state-owned production sector. These countries require assistance
in framing efforts to drive biofuels development and in developing integrative
solutions to engage the related industries. In a number of Caribbean countries, such as
the Dominican Republic, Jamaica and Trinidad, aging and inefficient sugar industries
will require an infusion of capital and revamped infrastructure and systems to meet the
growing demand for domestic biofuels production. In Central America, El Salvador
faces a strong-willed sugarcane-growers lobby which is requesting price guarantees
for ethanol production, and in Guatemala, oil importers are fiercely resisting the
development of a biofuels sector. Technical assistance in these areas would be useful
in advancing the development of biofuels production and use.
The CDM through the Kyoto Protocol offers vast opportunities for project development
in the region, but the uncertain prospects of the carbon market post-2012 hinder longterm financial planning for project sponsors hoping to capitalize on the potential
of generating and selling carbon credits. Developing regulations to address these
uncertainties could boost CDM project development in the region.
C-3) Capacity Expansion
As countries increase their biofuels production and consumption, they will
to augment their processing capacity. This could require financing lines for
and equipment acquisition. Seven of the 22 countries examined in this report
mandatory blending regulations in place. To move beyond a certain blend
(roughly 10%), consumers will need access to flex-fuel technology.

need
land
have
level

C-4) Infrastructure Financing
Infrastructure development is a formidable obstacle to biofuels development in parts of
the region. As industries grow, infrastructure needs will include investment in storage
tanks, tanker fleets, and transport needed for distribution. As production increases
and blend levels rise, particularly with the use of second-generation technology, major
investment will be needed for dedicated pumps at fuel stations and increased capacity
in domestic and export infrastructure. Recent reports by the World Bank and IDB
have highlighted Latin America’s infrastructure lag vis-à-vis Asia and OECD countries.
A concentrated effort in strategic transport infrastructure must include pipelines,
which are the most cost-efficient means of transporting fuel in large quantities. Port
infrastructure, including dedicated terminals and storages facilities, will be critical as
well to the region’s biofuels export competitiveness. Depending on the arrangements
of a given export agreement, there may also be a need to invest in tanker fleets.
C-5) Innovation Support
For countries across the board, there is a need to promote technological advancement
and to match labor training to support the development of competitive, efficient
biofuels production region-wide. In addition to cultivating and supporting indigenous
innovative capacity, countries in the region would benefit from collaborative efforts on
R&D and technology transfer within the biofuels community locally as well as globally.
Projects aimed at addressing the obstacle of innovation and technological advancement
could include:
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•
•
•
•

The promotion of technical training and higher education, including
programmatic and structural improvement in the education system;
The fostering of linkages between the business and academic communities to
increase private-sector funding of R&D activities, and to support the design
of educational programs to fit the needs of industry;
The development of international exchange programs for students, professors,
and scholars specializing in the various science and engineering fields related
to biofuels; and
The provision of scholarships, fellowships, etc. for students wishing to
concentrate on science and engineering fields related to biofuels as well as
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to fund R&D endeavors in the various nodes of biofuels development by
professors and academic researchers.
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Initiatives in these action areas will help support the long-term viability of biofuels
production and use in the region. In particular, regional collaboration will be key in
speeding innovative developments through knowledge sharing and, in some cases,
R&D cost reductions.

595

LATIN
AMERICA
LATIN
AMERICAAND
ANDCARIBBEAN
CARIBBEAN RECOMMENDATIONS
RECOMMENDATIONS
Table 1: Country Regulatory Needs
Table 1: Country Regulatory Needs

T
F

A
R

Prepared by Garten Rothkopf

596

Prepared by Garten Rothkopf

602

D

A Blueprint for Green Energy in the Americas

A Blueprint for Green Energy in the Americas

LATIN AMERICA AND CARIBBEAN RECOMMENDATIONS
D) PROGRAM IDEAS
The IDB could facilitate the development and support the success of biofuels production
and consumption in the Latin America region through the promotion of some key
programs:
Global Biofuels Market Development Fund
The development of a Global Biofuels Market Development Fund and a variety of other
funds aimed at supporting programs across the four pillars of innovation, capacity
expansion, infrastructure, and building global markets to address the key barriers to
biofuels production and consumption. The bank could assist in financing a variety
of the phases of industry development and growth, including feasibility studies,
technological advancement, financing capacity expansion, infrastructure development,
and regulatory improvement, through lending to public and private entities using
equity, debt, and risk insurance instruments. Additionally, research-based initiatives
could focus on identifying and mitigating the adverse effects of biofuels production,
such as environmental degradation, threats to biodiversity or price volatility in both
commodity-feedstock and crude-oil markets. This would be an over-arching initiative,
and would likely touch on the issues addressed in some of the following program
recommendations.
Hemispheric Renewable Resource Regulatory Initiative
To address policy-based barriers, the IDB could put into action a Hemispheric
Renewable Resource Regulatory Initiative aimed at providing technical assistance and
cooperation on developing regulatory frameworks. The Bank could:
•
•
•

•

Help fund feasibility and impact studies to identify the areas of strategic
interest for a given country.
Provide technical assistance in framework building and benchmarking to
measure regulatory progress.
Offer funding and technical assistance for public information and education
campaigns to highlight the importance of, and generate support for, identified
biofuels initiatives such as developing a domestic market for biofuels
consumption.
Coordinate forums in which countries could exchange regulatory experiences,
highlight successes and failures, and discuss long-term regional integration
prospects for the biofuels industry.

There are lessons to be learned from different national experiences, and an opportunity
exists for the Bank to invest in the long-term sustainability of a vibrant biofuels sector
in the region through regulatory planning and the promotion of regional cooperation.
Renewable Resource Innovation Initiative

Renewable Resource Engineering Advanced Studies
The development of a Renewable Resource Engineering Advanced Studies program
would allow the IDB to support advanced studies in the science and engineering fields
relevant to biofuels production through the provision of financing, region-wide, for:
•

Student scholarships, fellowships and related funding for university tuition
and expenses;
• The improvement of science and engineering curricula as well as educational
infrastructure, such as classrooms and laboratories; and
• Research activities undertaken within academic institutions.
Ethanol Research & Development Project of the Caribbean Basin
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This initiative would serve as an umbrella program for a number of projects aimed at
technological development and cooperation. In addition to the projects outlined below,
the Bank could promote and facilitate regional conferences and academic exchanges of
engineering professionals, professors and students focused on the biofuels industry.
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The development of an Ethanol Research & Development Project of the Caribbean
Basin would help to address the technological barriers to ethanol development through
R&D while reducing the financial burden which smaller countries bear. For the
countries of the Caribbean Basin, regional collaboration will be particularly important
in developing economical innovation programs. Because these countries are small and
have smaller budgets, but share common characteristics with neighboring countries,
collaboration on research and development offers a viable option for developing
innovating technology while sharing the cost burden of investing in R&D activities. To
support this effort, the IDB could:
•
•
•
•

Help identify institutions and government bodies which are participating or
could participate in R&D efforts, including collaborative and multinational
projects;
Provide financial and technical assistance to build R&D regional programs
and incorporate the private sector into funding and research activities;
Fund feasibility studies to identify the key areas requiring financial and
scientific attention; and
Support the strengthening of regional trade agreements and patentenforcement laws to facilitate the transfer of ideas and technology across
borders, and the strengthening of commitments to regional cooperation as a
whole.

Next-Generation Biodiesel Research and Development Project
The IDB could sponsor the creation of a hub for the development of next-generation
biodiesel technologies and markets, linked to Colombia’s strong potential in palm oilbased biodiesel. This would be a cooperative endeavor among a range of countries
with interests in biodiesel (most countries in the region) and would enable the creation
of the kind of collaborative environment required to maximize productive output of
research efforts. The Bank could undertake a variety of efforts, similar to those of the
Renewable Resource Engineering Advanced Studies program:
•
•
•
•

Give technical assistance and financial support to help establish a central
investigative unit in Colombia as well as identify locations for satellite units
around the region;
Provide technical assistance to develop a framework for cooperation, including
the incorporation the private sector into funding and research activities;
Fund feasibility studies to identify key areas in which to focus R&D, such as
land best suited for feedstock cultivation, and best practices and innovative
processes for production; and
Support the strengthening of regional trade agreements and patentenforcement laws to facilitate the transfer of ideas and technology across
borders.

Through each of these projects, the IDB could play an integral role in the promotion of
strategic public-private partnerships as well as bi- and multinational partnerships for
strategic development of innovative technology for regional and sub-regional biofuels
markets.
Next-Generation Ethanol Research and Development Project
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The IDB could sponsor the creation of a hub for the development of next generation
ethanol technologies and markets based on Chile’s competitive position in the export of
woodchips. Already, countries such as Sweden are investing heavily in technology to
lower the cost of cellulosic ethanol production from wood products. Based in Chile, this
center would bring together research talent from countries throughout the region with
forestry/cellulose industries interested in ethanol production from this feedstock to
maximize the effectiveness and spread the benefits of this effort. As with the Colombia
biodiesel center, the IDB could:
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•
•
•
•

Give technical assistance and financial support to help establish a central
investigative unit in Chile as well as identify locations for satellite units
around the region;
Provide technical assistance to develop a framework for cooperation, including
the incorporation the private sector into funding and research activities;
Fund laboratory research and pilot plants, with the goal of achieving a major
breakthrough in cellulosic processing technology;
Support the strengthening of regional trade agreements and patentenforcement laws to facilitate the transfer of ideas and technology across
borders.

Through each of these projects, the IDB could play an integral role in the promotion of
strategic public-private partnerships as well as bilateral and multinational partnerships
for strategic development of innovative technology for regional and sub-regional
biofuels markets.
Mesoamerican Capacity Expansion Initiative
In 2006, with support from the IDB, the Mesoamerican Biofuels Working Group was
formed. The countries represented by the group are currently investigating ways to
expand their biofuels consumption and production capacity. The IDB, in addition to
continuing to support the Group, can promote biofuels production expansion in the
region by coordinating activities in connection with the various organizations, plans
and agreements in place that touch on biofuels development. Some of the frameworks
with which this program could work would be Plan Puebla Panamá, CAFTA, NAFTA,
and the Energy and Environment Partnership with Central America.
The IDB could help to ensure that these countries are able to capitalize fully on the
provisions of these various agreements and instruments by continuing to:
•
•
•

Support collaboration between countries participating in the Working
Group;
Provide technical assistance for regulatory reform, market development,
international coordination and cooperation; and
Supply financing for feasibility studies of feedstock cultivation and biofuels
production, including test farms and pilot plants, as well as for production
expansion projects and infrastructure development.

This type of program could take advantage of trade openness amongst these countries,
as well as between these countries and the US, and could include an infrastructure and
capacity building financing facility.
Pacific Infrastructure and Market Development Project

•
•
•
•

Support a network of roads to and from supply centers in these countries and
the region.
Conduct a feasibility study for the construction of a biofuels pipeline across
the Andes to circumvent geological barriers and reduce the cost of transferring
biofuels to Pacific ports.
Support the institutions coordinating, managing and maintaining infrastructure
upgrades to oversee and direct the projects, such as the Ministries of Public
Works.
Provide financial and technical assistance and incorporate the private sector to
modernize the ports, to construct holding facilities and to streamline customs
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Pacific trade is booming, and Asian markets such as China and Japan are projected to
have massive shortfalls in biofuels production in the coming years. But Latin America’s
export infrastructure faces east. Through a Trans-Pacific Infrastructure and Market
Development Project, the IDB could support the development of regional biofuels
“hubs” or transport centers, helping to facilitate trade between supply and demand
centers. To execute this type of program, the IDB would:
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•

procedures to facilitate the transfer of biofuels between markets.
Support the strengthening of regional trade agreements to facilitate the
transfer of biofuels across borders.

The IDB could take a leading role in promoting these countries as biofuels hubs, further
supporting regional infrastructure development and trade integration. Caribbean and
Central American countries already have fairly direct access to a very large market, the
US, but could still benefit from improved export infrastructure.
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Blueprint for Green Energy in the Americas
The report concludes with a blueprint for green energy in the Americas. This
strategic blueprint is organized around the four pillars that will drive and shape
competition and demand: innovation, capacity expansion, infrastructure, and
building global markets. Rather than simply a response to exogenous market trends,
it is a vision for how the Western Hemisphere, which today produces more than
80% of biofuels, can build on those trends and lead the global development of this
industry – through technology, production, and trade. The region’s competitive
position in these four pillars is assessed in a dynamic global context. The future of
biofuels is uncertain and the choices made by countries, companies, and consumers
moving forward will define not just the extent to which biofuels are integrated into
global transport energy consumption, but also the patterns and volume of global
biofuels trade, and the countries and regions that become centers of production
and innovation, and destinations of investment. With an estimated $200+ billion in
new investment necessary for biofuels to provide 5% of transport energy in 2020,
the stakes are high. For the region, there is also an opportunity to buck historical
precedent and position itself as a hub of technological innovation and value-added
exports.
The fundamental assumption of this approach is that while each pillar can be
pursued on its own, and to date, largely has been, it is in integrating them into
a cohesive strategy that sustainable global competitiveness will be achieved.
Innovation creates value-added technology exports, but it also drives production
efficiencies and decreases the land requirements of agroenergy, major factors in
national competitiveness. Likewise infrastructure allows for both the expansion
of production and its connection, both physically and virtually, to local and global
markets. It is in these markets that the true promise of biofuels lies – in creating a
globally traded commodity with diverse producers and consumers that offers a clean
and secure alternative to fossil fuels. Innovation, the expansion of production, and
the construction of infrastructure cannot wait for markets, but nor should markets be
expected to form naturally. What is necessary is an aggressive marketing campaign
to change the perception of biofuels as solely “home-grown” energy, promote
the liberalization of trade, the proliferation of producers and consumers, and the
development of the mechanisms of that trade: international standards and liquid
futures markets.

Brazil – its government, its industry, and its citizens, have made an unprecedented
commitment to the production and use of biofuels. This commitment has produced
not only the highest share of biofuels in transport fuels consumption, but in ethanol,
the most efficient production, the most cutting-edge innovation, and made it the
world’s only net exporter. President Luiz Inácio Lula da Silva has made the promotion
of biofuels a central element of his foreign policy, promoting the creation of biofuels
industries in developing countries, signing technical cooperation agreements, and
calling for the creation of global markets. At home, Brazil is engaged in a large scale
capacity expansion of ethanol for export and has launched a domestic biofuels program.
For Brazil to expand capacity and position itself as the unchallenged center of biofuels
excellence moving forward, it must think and act strategically. There are already a
number of initiatives underway in each of the areas highlighted by this report, but the
very number and diversity of actors and initiatives in the Brazilian biofuels sector
make policy coordination a central challenge. Establishing a formal body within the
government to coordinate government agencies and reach out to the private sector and
academic and research institutions would greatly enhance the effectiveness and agility
of policy making.
Pillar 1: Innovation
Brazil’s leadership in biofuels innovation has made it the center of this developing
global industry, with countries around the world seeking to learn from the “Brazilian
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experience”and acquire Brazilian technology and Brazilian-born flex fuel cars. As
interest in the sector expands both within Brazil and globally, the country is facing a
new competitive environment for biofuels innovation. Likewise, innovation also plays a
critical role in Brazil’s competitiveness. It is fundamental to the continued optimization
of agricultural and industrial processes for efficiency gains, and as the ethanol and
biodiesel industries expand, the adaptation to new conditions and new feedstock.
Of even greater import is the disruptive potential in the development of cellulosic
technology, which is expected to dramatically decrease the costs of production.
Governments, universities and companies around the world are making major
investments in biofuels innovation, often together. In the past year, the US has
announced plans to provide $125 million each to two bioenergy research programs, BP
has pledged $500 million to fund a US or UK university biofuels research program, the
British government has launched what it hopes to be a close to $2 billion public and
privately funded renewable energy research institute, and Australia hopes to leverage
a $382 million clean energy fund into more than $1 billion with funds from the private
sector. These examples are representative of the major commitments being made
around the world to biofuels innovation. While exact data is not available, total R&D
funding for biofuels in Brazil appears to be below $500 million.
The private sector has traditionally contributed 70-80% of the funding that has gone
into biofuels R&D, but this is changing through active government engagement in
biodiesel research. The disconnect between Brazil’s business and research sectors and
the lack of a coordinated and cohesive national strategy are significant obstacles in the
country’s quest to remain the foremost authority in biofuels technology and expertise.
The current orientation of the biofuels sector is towards the food and agricultural
industries; however, there is a school of thought that believes that the sector will
need to be refocused on the energy sector to truly develop into a high-volume, highprofit industry. This re-orientation has begun to take place in small steps, through the
restructuring of the Ministry of Agriculture and the creation of an agroenergy unit for
example; however, some advocate that this be taken a step further, involving the major
oil companies in fundamental discussions about which direction the industry should
head. In this scenario, the problems of the biofuels sector would be re-defined in terms
of how biofuels could provide a base for transport fuel consumption on a global scale.
In thinking about the breakthroughs needed to push the bioenergy sector forward, this
school of thought believes that if the sector remains rooted in the food industry, the
breakthroughs would likely be feedstock specific; however, if they are realigned with
the energy industry, breakthroughs could be more universal.
A great number of biofuels projects and programs are underway in Brazil. Various
funds and agencies are in place to support the development of the sector and of
new industrial technology; all of these moving parts need greater coordination and
synthesis to increase their impact. There is always a need for additional financing
for projects, but the funds available should also reach the agribusiness and research
communities in the quickest, most efficient and effective way possible. Coordination of
funding activities, away from the heavy bureaucracy of government, could help to ease
any bottlenecks in funding supply. For better coordination within the government, it
might be helpful to create an inter-ministerial committee to organize all of the federal
activities of the various ministries, along with their funds and promotion agencies,
acting in the biofuels space.
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The IDB could support Brazil’s biofuels strategy through:
A Brazilian Biofuels Research Center would create a major focus point and symbol for
the development and growth of a more unified, coordinated and innovation-driven
biofuels sector. Funding for this emblematic center could include the development of
projects, such as:
1. A Global Renewable Resources Institute as a platform from which Brazilian knowhow would be exported to other developing countries through various means,
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including academia, policy expertise and private sector investment;
2. A Biofuels Human Capital Fund to support scholarships at international universities
and attract global academic luminaries to work in Brazil;
3. A competitive fund to distribute grants for research and development in the private
and public sectors, promoting firm-university collaboration in biofuels;
4. A facility to finance new ventures by technology-based firms in biofuels, possibly
including an incubator;
5. A fund to support the development of new feedstock varietals and production
processes, including second-generation technology, to facilitate capacity
expansion;
6. An initiative to improve regulations already in place to promote greater private
participation in R&D, including tax incentives for equipment purchased for use
in biofuel R&D by firms and universities, economic subsidies, and government
procurement of technology generated through R&D activities.
Investment also needs to be made in the other side of innovation: education. The most
pressing issues facing the Brazilian biofuels sector with respect to education are:
1. Deficiencies in basic education in Brazil’s north and northeast, due in large part
to regional disparities in income and educational spending, the repercussions of
which impact biodiesel producers in these areas;
2. The availability of a labor force with technical training to operate in various
capacities within the expanding biofuels value-chain; and
3. The output of scientists and engineers in the disciplines relevant to biofuels feedstock
development and production processes.
These issues all levels of the Brazilian education system, and policies aimed at bridging
these gaps will be a key element of an overall development strategy for the sector. In
particular, the education and biofuels sectors need to work together to address the
following challenges:
Cultivation and production - The provision of basic education and literacy as well as
agricultural training to farmers and machine operators, particularly in the northeast,
where literacy rates are the lowest in the country.
Industrial processing - The provision of basic education and advanced technical training
for plant operators in ethanol and biodiesel processing plants, including pre-service
and in-service training to ensure that workers are current with the latest technologies
and innovations in the field. Plant supervisors and lab scientists require at minimum a
degree in chemical engineering and/or agribusiness management.
Research and development - Training to produce highly qualified support staff
and management-level workers with minimum degrees in engineering, computer
technology or agribusiness management; and researchers with advanced doctoral
degrees in fields including microbiology, biochemistry, biochemical engineering,
bioinformatics, and organic chemistry.

In presenting these ideas, it must be emphasized that educational development is not
linear in nature. Some kinds of education, and particularly scientific training, require
a long lead time. One cannot hope to change one set of educational institutions and
practices without making inputs into related institutions and practices. With these
caveats in mind, the following recommendations are presented to assist with systematic
planning and cost discussions, keeping in mind both short-term and long-term goals
listed below.
One of the most effective educational models identified by a roundtable discussion at
the World Economic Forum3 was the engagement of domestic corporations, industry
associations, and foreign investors in basic education through coalitions working in
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partnership with government to enhance regulatory reform, policies, and incentives.
Collaborations of this type can be effective in basic education as well as technical
training and higher educational programs.
In coordination with the Brazilian Biofuels Research Center, a number of funds could
be created to support education and training:
1. A new strategy to support reforms such as the education and training framework to
create a sufficient supply of skilled labor for the sector;
2. Competitive grants for teaching institutions in biofuels-producing regions to set up
new programs in biofuels, responding to clearly identified local human resource
demands in the sector;
The current administration has prioritized reforms in both higher education and
vocational and technical education; the success of these reforms will help determine
whether Brazilian workers are able to rapidly learn new technologies and become
innovators in their own right. Achieving this will require flexible systems that
enable trainees to move beyond the conventional curriculum, the lecture room and
the workshop, and into the laboratories and workplaces of the businesses that are
practicing those technologies. Education, human resource development programs,
and adequate provision of infrastructural support are all vital components of a healthy
scientific and technological culture.
Pillar 2: Capacity Expansion
Brazil’s potential for capacity expansion makes it unique among biofuels producers.
Technology and land availability are the primary constraints to significant integration
of biofuels into global transport fuels consumption. Both factors restrict the supply
of biofuels and negatively impact their price competitiveness with fossil fuels.
Technological innovation, particularly the advent of next generation biofuels like
cellulosic ethanol could dramatically reduce the cost of production, increase yield per
hectare, and allow for the use of marginal land. However, the scientific breakthroughs
necessary to make cellulosic technology commercially viable may be 10 to 20 years
away. Land availability, the demand for which could be reduced through technological
innovation, is and will remain the critical factor for agriculturally derived fuels.
There is a mismatch between those nations suited to produce biofuels and those
expected to drive consumption. Countries around the world are implementing domestic
agroenergy programs, but many, particularly those that are highly industrialized or
have limited arable land, will not be able to meet local demand with local production.
For example, both the US and the EU would have to dedicate approximately 20% of
their arable land to biofuels to meet a 5% blend target in biodiesel and ethanol. In
Asia, Japan is considering increasing its ethanol blend to 10%, which would create a
6-billion-liter-a-year market. In China, an effort to reduce car pollution is expected to
produce an 11 billion liter shortfall in biofuels by 2020, despite significant increases
in domestic production. Brazil stands at the forefront of potential biofuels exporters,
with vast expanses of available, arable low-cost land and cutting edge technology and
production practices. The challenge is to build on these competitive advantages and
maximize the contribution biofuels production can make to the national economy.
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Brazil, already the world’s leading exporter of ethanol, is expanding capacity to meet
global demand. In contrast, the relatively young biodiesel industry is focused on
expanding to meet ambitious domestic blend targets of B3 in 2008 and B5 in 2013.
The two industries share three key variables affecting their growth: the impact of
efficiency gains, the availability of suitable land (including environmental constraints),
and access to financing, particularly private capital. In addition, the biodiesel industry
has social development aspects that will shape its growth. While the challenges are
conceptually similar, the current position of the two industries argues for addressing
them separately.
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Ethanol
There is consensus in Brazil that the country will need to triple current capacity of 16
billion liters a year by 2020 to accommodate internal demand and position itself as
the global market leader. This would mean a total capacity of 48 billion liters, to be
achieved through a combination of efficiency gains and greenfield projects. Estimates
for the investment required range from $2 billion to $4 billion a year. With the caveat
that global demand could possibly absorb a larger capacity expansion than Brazil is
planning, based on current projects, this report estimates that the required investment
in capacity expansion to meet the targeted 48 billion liters is approximately $3-4
billion annually. To date, expansion in sugarcane production has been almost entirely
driven by efficiency gains through intensive research into the sugarcane genome, the
development of varietals resistant to disease and pests and with a high sugar content,
and the optimization of agricultural and processing techniques. If this trend continues
as expected, yield per hectare could increase approximately 50% by 2020, even without
cellulosic technology, which could become commercially viable in this timeframe. It
is important to note that the introduction of cellulosic technology would represent a
major investment hurdle for Brazil to stay globally competitive.
Chart 1a: Historic and Planned Brazilian Ethanol Production
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By the end of 2005, 6 million hectares were under cane cultivation. This is just 0.6% of
arable land in Brazil and only about half of this is dedicated to ethanol production, with
the remainder going to sugar. According to a study commissioned by the Brazilian
government, there are an estimated 7.9 million hectares of land available that would
produce well above the national average. An additional 113 million hectares would
produce at the national average. The primary constraints on expanding production
are environmental issues, infrastructure, and supporting industries. Today, sugarcane
production is concentrated in Sao Paulo state and a cluster in the north of the country.
High land prices in Sao Paulo have pushed greenfield projects further afield. Much of
the land identified as ideal for sugarcane plantation is located in Brazil’s vast grassland,
the Cerrado. A bill under consideration in the legislature would restrict agriculture
in this region and will be an important variable. Further, as expansion occurs in new
regions, the supporting infrastructure and related industries will need to accompany it,
suggesting that expansion should be strategic, supported by the government through
financing and infrastructure projects to facilitate export.
Investment in capacity expansion is also an issue. $10.5 billion has reportedly been
committed to greenfield projects through 2010 and industry leaders report that there
is no lack of investment funds for the industry. Yet the pace of investment in Brazil
is slower than in the US and under the $3-4 billion a year needed to achieve targeted
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three-fold growth by 2020. International investors consulted for this report cited a lack
of good investment opportunities and partners in an industry that has historically been
dominated by traditional family businesses. Market leader Cosan’s IPO this year is
an excellent example of how the industry could modernize and tap into international
capital markets, rather than depend on loans in Brazil’s high interest rate environment.
Of the four pillars, capacity expansion is the one most able to rely on private-sector
leadership, but competitively-priced financing lines and technical support in entering
equity markets are areas that could improve the sector and allow SMEs to share in
the industry’s growth. There is also a strong argument in favor of a new approach
to ethanol production that is divorced from the sugar industry – a true agroenergy
business that would integrate biodiesel and ethanol to create entirely self-sufficient
productive environments geared exclusively to biofuels export. There is already a
trend in Brazil among new mills to focus solely on ethanol, rather than employ turnkey
technology that allows the refinery to switch between sugar and ethanol production
depending on the market price, a practice that has put supplies in jeopardy in the
past.
The optimal strategy for capacity expansion in ethanol is one that is seamlessly
integrated with investment in infrastructure and innovation and the development
of global markets. For ethanol, it is the global market that is driving the expansion,
and as such, global demand and global capital should be engaged whenever possible.
The biggest incentive to increased capacity utilization would be solid assurances of
markets abroad. Ideally, existing research could be employed by the government,
in coordination with the private sector, to zone the country, identify the ideal areas
for capacity expansion, and encourage the development of production clusters, with
supporting infrastructure, education and research centers. The whole industry is a
potentially high-payoff development initiative, with important second-generation
effects on human capital development, new business, and broader use of new
infrastructure. A modern agroenergy cluster, with integrated biodiesel/ethanol
facilities and supporting small businesses, infrastructure, and training would be an
anchor and driver of development, with tremendous knock on effects down the road.
Program ideas include:
1. Providing technical support and financing for a zoning effort, including involvement
of the MMA so that environmental constraints can be considered from the start.
2. Creating dedicated low interest financing lines and guarantees for the acquisition of
land and equipment.
3. Developing specialized financing lines and investment strategies for SMEs to
establish support enterprises.
4. A program to develop private sector transparency to encourage foreign participation,
taking the Cosan IPO as a model.
Biodiesel
Biodiesel is still finding its feet in Brazil. In addition to being a relatively new priority
(the National Program for the Production and Use of Biodiesel was only created in
2003), the industry has characteristics and objectives quite distinct from ethanol.
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First, it is oriented to the domestic market and is not conceived of as a significant
export industry in the medium term. Domestic fuel blending targets, mandated by
the National Program, constitute the essential demand base for the product. Major
expansion of feedstock crop production and refining capacity will be necessary simply
to meet the National Program’s 2013 target of a B5 blend, which translates to an annual
production of 2.4 billion liters of biodiesel.
Second, biodiesel does not have an obvious feedstock source in Brazil, such as sugarcane
provides for ethanol. Several crops are suitable for biodiesel production and are being
evaluated by the government based on their yields, cost of production, availability of
suitable land, and contribution to the government’s rural development goals. Each has
its pluses and minuses. Soy is a highly developed industry in Brazil and is suitable for
large scale production. It is the cheapest source of oil for biodiesel, but only because soy
meal, which represents nearly 80% of production, is also a marketable commodity. The
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expansion of soy is thus tied to the international protein market. This parallel demand
structure imposes a constraint that must be considered in expanding soy production.
Palm is considered an ideal feedstock for biodiesel, given its strongly positive energy
balance, high oil content, hardiness, and suitability for large-scale production. Its major
drawback is the length of the production cycle (three years to the first harvest), which
means high start-up costs and the need for specially targeted financing, especially
for family farmers. Finally, castor is being seriously considered for production in the
northeast, where it is an indigenous crop. The Ministry of Mines and Energy estimates
that half of future biodiesel production will come from castor. Like palm, it is a hardy
plant with potential to employ family farmers. Unlike with palm, however, there is no
parallel demand for human consumption, so price instability due to competitive uses
is not a factor. However, castor also has numerous drawbacks. Current yields are low
and highly variable, production and cultivation technology is poor, and castor does not
mix well with other vegetable oils in the production of biofuels.
Given these variables, Brazil has wisely chosen to avoid dependence on any one
feedstock. However, it has yet to fully zone the country for biodiesel production or
implement a coherent strategy for the industry’s expansion. A decisive determination
of the feedstock it intends to foster, and where, will be essential to meeting the blending
targets.
Third, biodiesel is a critical element in achieving the country’s rural development
goals. The government in 2004 instituted the Social Fuel Seal to encourage biodiesel
producers to support agrarian development by buying a minimum amount of their raw
materials from family-based farmers and promoting their social and local inclusion.
The Social Fuel Seal has been a requirement for participating in biodiesel auctions (the
main marketing vehicle) overseen by the National Petroleum Association. The high
subsidized prices offered at the auctions have enabled the government to reach its B2
blending target for 2008. However, there is no long-term guarantee that these abovemarket prices will be maintained, a clear disincentive to any major expansion of private
sector investment.
Finally, there are environmental considerations. These include the possibility of
overfarming in the south, invasion of Amazon lands for production of palm oil, and the
possibility that the Cerrado Amendment could drastically restrict feedstock production
in a large area of the country.
Despite these uncertainties, the number of firms participating in the biodiesel sector
is growing. Private fuel distributors Ipiranga and AleSat have joined the biodiesel
distribution chain and large-scale operators such as Bunge, Cargill and ADM are
entering the market. Smaller scale firms have also begun participating in the auctions.
More robust growth will stimulate efficiency gains as practical experience develops,
best practices form, and innovations emerge.

1. Identify appropriate zones for the production of each feedstock, with an eye to
closely coordinating environmental and development objectives, particularly in
regions like the Cerrado where expansion may be constrained by restrictions on
GMO use, and identify resource requirements.
2. In coordination with a well financed research program to improve yields and
farming practices, develop a program for the identification and creation of vertically
integrated production centers, particularly in the northeast, that would address the
interrelated needs for small farmer financing, extension services in best agricultural
practices, small-scale infrastructure development and investment financing for

A Blueprint for Green Energy in the Americas

Prepared by Garten Rothkopf

A number of steps could be taken that would speed the process of innovation and
capital investment needed to put the industry on a sound footing. As with ethanol, a
strategy for capacity expansion will be most successful if integrated into an overarching
strategy that includes infrastructure and innovation projects to facilitate production
and distribution and develop improved varietals and production methods. What is
needed is a macro-level blueprint which would:
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refineries.
3. Develop a marketing system that will give biodiesel producers more stable longterm price assurances to limit downside risks.
4. Provide incentives to joint ventures, such as concessionary loan financing, that will
leverage equity investment and stimulate technology transfer from countries with
more experience in biodiesel production.
5. Facilitate greater coordination among lending agencies at the various levels of
government to maximize the impact of available resources and establishment of
specific credit lines to finance biodiesel production, including resources targeted to
SMEs.
Pillar 3: Infrastructure
Infrastructure, particularly transport infrastructure for export, is the leading concern
of virtually every expert and industry representative consulted for this report.
Cogeneration represents an opportunity for diversifying Brazil’s electricity generation
capacity both geographically and by source. Communications networks, while not
universal, are expanding rapidly and offer a platform, rather than a constraint for
capacity expansion. The real challenge lies in reorienting Brazil’s biofuels transport
infrastructure to face out to export markets, expanding its overall capacity, and pushing
into new regions of production.
There are fundamental problems in the existing transport infrastructure, which depends
largely on Brazil’s roadways, that are universally acknowledged and not sector specific.
The poor conditions of the highway system and the congestion in port access affects
export industries across the board. There is no short-term, easy solution. However,
looking forward, the growth of the biofuels export industry should bring a graduation
of sorts. If the conservative estimate referenced in this report of 6 billion liters of
ethanol exported in 2012 is accurate, a shift into rail, waterway, and most importantly,
pipeline transport will be critical. While roads will likely remain the primary means of
domestic distribution, their relevance to export will lie in providing access to collection
points for conveyance via these other forms of transport. Various studies of ethanol
expansion have concluded that a major investment in infrastructure is needed, ranging
from $1 billion a year for the next 20 years for production of just over 100 billion liters
to $1 billion a year for production of 31 billion liters by 2020.
The other significant bottleneck to export growth is port capacity. The primary
constraints are crowding due to a lack of shipping berths and terminals, storage capacity
in ports, and depth of shipping channels. Determining where and how an estimated
$320 million in short-term (to increase export capacity by 7 billion liters) investment is
distributed is under active discussion today in Brazil, requiring an assessment of ports
as an intermediate step in a supply chain from farm to foreign market. Given Brazil’s
ambitious capacity expansion goals and the costs of port projects underway – terminals
($70 million each), shipping berths ($30 million each), etc. – investment needs in the
medium term are likely to be closer to $1 billion.
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The interdependence of capacity expansion and infrastructure demands that both be
integrated into a common strategy. What is now required is a dual focus – looking
into Brazil to facilitate the growth of the biofuels industry in underdeveloped regions
and looking outward to how production reaches ports for exports. Industry leaders
complain that to date, infrastructure has followed, rather than led production. With
the current pace of investment, and with some $10 billion in new projects underway,
the time to move forward is now.
Actions that could be taken to improve the infrastructure to support biofuels capacity
expansion are:
1. Develop an Agroenergy Infrastructure Fund that, with the Brazilian government
and private sector, would structure and finance integrated infrastructure projects
already identified or underway to service existing production as well as develop
new integrated infrastructure projects for areas of potential production. The Fund
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Cogeneration:
Cogeneration offers Brazil a substantial opportunity to increase generation capacity,
diversify its electricity system, improve the geographic distribution of generation,
address the specific vulnerabilities of hydroelectric power, and meet the government’s
rural electrification goals. 85.4% of electricity comes from just one source, hydro, with
current supplies concentrated in the country’s south and with an average loss of 16% in
distribution. Further, while industrial growth and urban populations are concentrated
in this same region, there is limited potential for new projects there. Additionally,
hydroelectric power is seasonally variable, and a drought in 2001 contributed to a
shortage that year. There is also a great disparity in Brazil between rural and urban
electrification, with nearly 60% of rural households in the country’s north still without
electricity according to the most recent data. The government has recognized these
issues and is actively engaged in their resolution through new hydro, nuclear, and
renewable power projects, the ProInfa program, and an ambitious rural electrification
program, Luz para Todos. Cogeneration is not an alternative to these efforts; it is an
additional source of power that could make a much greater contribution than it does
today to addressing the specific vulnerabilities of the system. According to Brazilian
government estimates, if existing mills upgraded to high-pressure boilers, they could
provide more than 6% of the country’s power consumption in 2004, and that does
not consider further technological advances or the construction of new mills. To best
exploit this opportunity, the following actions could be taken:
1. Identify appropriate policy reforms to encourage cogeneration by streamlining
the bureaucratic process or, possibly, providing a blanket authorization allowing
producers to connect to the grid.
2. Conduct an in-depth study of the potential of biofuels as a source of “off-grid”
electrification, either through biodiesel-fueled systems or through mill-generated
electricity used locally.
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would anticipate and create the market, rather than follow it:
a. Existing production projects: A number of projects are planned or underway
to facilitate export from areas of concentrated existing production. Notable
examples are the construction of a pipeline to connect the Sao Paulo State
REPLAN refinery with the Ilha D’Agua port in Rio de Janeiro and the planned
$600 million Petrobras pipeline expansion project. In these cases, the Fund
would provide financing for complementary infrastructure projects, as needed,
such as the construction of storage facilities, the expansion of terminals and
berths, and access roads to the pipelines.
b. Identified/Proposed Projects: There are also a number of projects that have been
proposed and which reflect a clear need, but for reasons of financing, regulatory
restrictions, or insufficient buy-in from key actors, have not moved forward.
Notable examples are a possible rail connection between Minas Gerais and the
Vitoria port in Espirito Santo and the development of an ethanol-dedicated
terminal in Sao Paulo state. In these cases, the Agroenergy Infrastructure Fund
would collaborate with relevant public-and private-sector actors to develop an
integrated infrastructure project, analyzing the entire supply chain to identify
the most cost-effective means of transport at each stage. A set of financing
packages would be made available to the appropriate actor or actors for each
component of the project.
c. New Projects/New Regions: In regions like Tocantins and Maranhao,
integrated infrastructure projects could serve as the impetus for the expansion
of production itself. In these places, pipelines or rail would help create a
transport infrastructure system designed specifically for export. Today, the
lack of infrastructure in these regions is the primary disincentive to productive
expansion. Studies done for the Brazilian government predict that productive
capacity could increase more than six-fold if investment is made in new projects
and the research necessary to adapt cane production to these areas is successful.
Infrastructure can lead this investment, if projects are undertaken as part of a
cohesive strategy, as advocated by this report.
2. Conduct an in-depth study of the economic impact of current regulations which have
created a near monopoly in pipeline transport and suggest policy alternatives.
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3. Provide financing lines for investment in high-pressure boilers and infrastructure to
connect to the grid.
Communications:
Access to the internet in Brazil is still far from universal, but is growing rapidly and
offers a platform for increased efficiency in the biofuels industry and an increased
connectedness with global markets. Unlike fossil fuels, biofuels can be produced on
a relatively small scale, which fits into the Brazilian government’s additional goal of
using the industry as a tool for rural development. These smaller producers could gain
efficiency by using the internet to establish virtual economies of scale. This could be
through simple knowledge and information sharing, or though a more sophisticated
system of collective purchasing and marketing.
Further, as global markets develop, electronic trades in liquid global markets should
allow producers and consumers with access to the system to have direct links to one
another, or to a common global futures exchange on which to trade their products,
rather than rely on a trading company. In effect, the middle men will disappear.
Possible actions to support these developments include:
1. Developing an “Agroenergy Internet Project” which would:
a. Serve as an initial platform for knowledge and information sharing between
producers;
b. Develop into a means of establishing “virtual economies of scale” through
collective purchasing and marketing; and
c. Connect producers to Brazil’s Innovation Center of Excellence network to
facilitate the dissemination of new technologies and improved agricultural or
processing methods.
2. Provide training to farmers and small-scale producers to ensure that they can reap
the benefits of such a system.
3. Create a “micro-financing” line that would enable small-scale producers to acquire
the necessary technology to access these systems.
Pillar 4: Building Global Markets
Brazil’s ethanol expansion strategy rests on the promise of global markets, but
the continued growth of international trade cannot be taken as a given. Due to the
price and supply volatility of oil, many nations are embracing biofuels as a means of
reducing their oil dependence. However, in the drive to augment domestic production
capacity, few countries have recognized biofuels trade as an integral component of
their energy security strategy. Protectionist measures, heterogeneous classifications
and undeveloped trading mechanisms impede the cross-border flow of biofuels.
While domestic investment will assist countries’ to diversify their energy supply
portfolios, adverse weather conditions or damage to domestic feedstocks could actually
undermine energy security if there is not a functioning, liquid market to rapidly supply
shifted demand.
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While biofuels are currently traded on a limited scale, a defined set of production
and exchange standards will need to be established in order to facilitate the free flow
of supply stocks. Establishing an international, cooperative trading framework is
undoubtedly complex and will require the participation and agreement of nations
currently employing (and promoting) unique standards. With the exception of recent,
preliminary discussions within the World Trade Organization, there has not been a
collective international effort to harmonize biofuels standards and to develop a trading
mechanism to facilitate the exchange. The WTO does not currently define fuel and
non-fuel ethanol and, further, has not determined the appropriate treatment for
biofuels given the substantial subsidies and state support currently characterizes the
industry. As a pioneer and leading global producer of ethanol, Brazil has, however,
engaged in an international diplomatic and commercial campaign to promote global
biofuels exchange.
Timely efforts to harmonize standards, reduce trade barriers, and standardize contract
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requirements will help provide a basic framework for a functioning futures market
allowing buyers and sellers to reduce their exposure to the various risks associated with
commodity trade. At present, the Brazilian Mercantile Futures Exchange (BM&F), the
Chicago Board of Trade (CBOT), and the New York Board of Trade (NYBOT) offer
ethanol futures contracts, although a limited scale. In order for one of the referenced
Boards to gain the confidence of traders and become the primary mechanism for
international ethanol exchange, it must incorporate a harmonized set of international
standards, provide sound financial infrastructure and have sufficient liquidity. While
barriers remain, the global demand for biofuels continues to grow and the need for a
functioning global market becomes increasingly acute.
• As part of the Global Centers of Excellence Initiative, the IDB could support the
creation of a Global Standards Initiative to develop, promote, and foster the
adoption of global standards in biofuels production, processing, transportation, etc.
At the outset, the IDB and other International Financial Institutions could jointly
sponsor an international conference bringing together governmental, industrial,
agricultural, and commercial stakeholders to draft preliminary biofuels standards;
• Provide financial, political and organizational support for the development of an
international biofuels certification board that guarantees the quality and composition
of exported biofuels;
• Support the creation of a strategic ethanol reserve in Brazil to prevent disruptions in
the domestic supply of ethanol and preserve Brazil’s global reputation as a reliable
producer;
• Support the BM&F as a preferred biofuels exchange board and assist in the
modernization of exchange such that the BM&F will operate at a level on par with
the NYBOT and CBOT;
• Coordinate with other International Financial Institutions such as the African
Development Bank, Asian Development Bank and others to support technology
transfer to diversify and increase global capacity and assist producers in adapting
current facilities for bio-fuel conversion;
• Cultivate dialogue with the automobile industry to develop more efficient engine
technology and promote flex-fuel vehicles around the world;
• Incorporate all stakeholders including the petroleum industry into periodic global
biofuels strategy sessions to enhance cooperative ‘buy-in’ and to broaden the scope
of biofuels promotion.

1. Feasibility Studies: There are a variety of countries interested in entering the
biofuels market or significantly expanding production, and they require, or will
require, technical assistance and financial support in analyzing the feasibility of
such a move, as well as for pilot programs. There are several reports available
on biofuels development at the regional level; however, a number of countries
have expressed an interest in studies which focus on the specific issues facing their
particular country, including the impact of biofuels production on their economy
or the competitiveness and viability of biodiesel production within their borders.
Guatemala and Honduras, for example, are two countries with the potential for
commercial-scale biodiesel and ethanol production, and they have each voiced an
interest in individual, detailed feasibility studies to outline the potential impact of
biofuels development. A number of other studies could be executed in a variety of
countries, such as:
• Examination of soil quality to identify optimal areas for feedstock cultivation and
test farms for the growth and harvest different feedstock;
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In the Region:
The story does not end with Brazil. Countries throughout Latin America have biofuels
industries in varying stages of development. This study examined the potential
in countries and the needs that might be addressed by the IDB with the same four
pillar framework. Rather than prescribe a formula for the development of a biofuels
industry, which would be unable to reflect the diversity of conditions, advantages, and
challenges throughout the region, this report has instead identified a number of areas
of common need:
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• Environmental impact assessment of biofuels production, including water demand,
deforestation, soil erosion and degradation, and carbon and other pollutant
emissions from production;
• Examination of the rural development impact of biofuels production and the
potential for social inclusion programs tied to the industry; or
• Assessment of government biofuels incentives and subsidies to promote and
support production and use, or simple demand guarantees, and evaluation of the
sustainability of biofuels markets.
Countries already producing biofuels are also looking to generate economies of scale
and, in some cases, identify export markets, which also require study of the feasibility
of co-generation and co-product development as well as that of improving harvesting
and production processes, and an examination of global markets to identify demand
gaps which need to be filled.
2. Regulations: Of the 22 countries examined in this report, a number which excludes
Brazil, only five (all in South America) have a cohesive national biofuels plan. Of
these same 22 countries, 50% have regulations to either mandate blend targets,
to define the parameters of the sector, or outline fiscal incentives for production;
four countries have pending legislation. These countries are at varying stages
of development, from Colombia, which has comprehensive regulation as well as
production, to Trinidad & Tobago, which dehydrates and exports ethanol but has
no national framework in place. In countries where there is not a comprehensive
framework in place, regulatory assistance and collaboration would be beneficial.
The following have been identified as areas of need for LAC in terms of regulatory
structure:
• Privatization - including the overhaul of aging and inefficient government sugar
industries, including plant infrastructure;
• Market Parameters - including the development of fuel definitions and specifications;
the mandate of environmentally and socially sustainable methods of feedstock
cultivation and biofuels production; and the creation of incentives for production,
such as tax holidays;
• Domestic Consumption - including mandatory blending; mandatory use of biofuels
by public vehicles and taxi fleets (to ensure a minimal level of demand); public
education campaigns; and tax structures which support the competitiveness of
biofuels; and
• Clean Development Mechanism (CDM) Project Development - including the
provision of assistance to project sponsors hoping to develop CDM projects in
the host country, and the establishment of regulations to account for uncertainties
regarding the Kyoto framework extending beyond the Protocol’s 2008-2012
commitment period or between periods.
3. Capacity Expansion: As countries increase their biofuels production and consumption,
they will need to augment their processing capacity. This could require financing
lines for land and equipment acquisition. Seven of the 22 countries examined in this
report have mandatory blending regulations in place. To move beyond a certain
blend level (roughly 10%), consumers will need access to flex-fuel technology.
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4. Infrastructure Financing: Infrastructure development is a formidable obstacle to
biofuels development in parts of the region. As industries grow, infrastructure
needs will include investment in storage tanks and transport needed for distribution.
As production increases and blend levels rise, particularly with the use of secondgeneration technology, major investment will be needed for dedicated pumps at
fuel stations and increased capacity in domestic and export infrastructure. Recent
reports by the World Bank and IDB have highlighted Latin America’s infrastructure
lag vis-à-vis Asia and OECD countries. A concentrated effort in strategic transport
infrastructure must include pipelines, which are the most cost-efficient means
of transporting fuel in large quantities. Port infrastructure, including dedicated
terminals and storages facilities, will be critical as well to the region’s biofuels
export competitiveness.
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5. Innovation Support: For countries across the board, there is a need to promote
technological advancement and to match labor training to support the development
of competitive, efficient biofuels production region-wide. In addition to cultivating
and supporting indigenous innovative capacity, countries in the region would
benefit from collaborative efforts on R&D and technology transfer within the
biofuels community locally as well as globally.
The IDB has the resources and qualities to play a useful role in addressing these needs.
As a regional institution, it can work with individual countries and facilitate regional
initiatives, be they infrastructure projects or technology transfers. A number of ideas
for possible IDB programs are listed below.
• Launch a Global Biofuels Market Development Fund that could help address
financial barriers to biofuels production and consumption. The bank could assist
in financing a variety of the phases of industry development and growth, including
feasibility studies, technological advancement, financing capacity expansion,
infrastructure development, and regulatory improvement, through lending to
public and private entities using equity, debt and risk insurance instruments.
• Creating a legal and regulatory framework for biofuels production is an essential
first step. The Bank could play an important role as a center of expertise through a
Hemispheric Renewable Resource Regulatory Initiative. Such an initiative would
provide technical assistance in framework-building and benchmarking to measure
regulatory progress. It might also coordinate forums in which countries could
exchange regulatory experiences, highlight successes and failures, and discuss
long-term regional integration prospects for the biofuels industry.
• For the countries of the Caribbean Basin, regional collaboration will be particularly
important in developing feasible innovation programs. Because these countries
have smaller budgets but share common characteristics with neighboring countries,
collaboration on research and development offers a viable option for developing
innovating technology while sharing the cost burden of investing in R&D activities.
To support this effort, the IDB could support an Ethanol Research & Development
Project of the Caribbean Basin. The project could, among other activities, provide
financial and technical assistance to build R&D regional programs, incorporate the
private sector into funding and research activities, and support the strengthening
of regional trade agreements and patent-enforcement laws to facilitate the transfer
of ideas and technology across borders.

• Similar to the initiative described above, the IDB could sponsor a Next-Generation
Ethanol Research and Development Project as a hub for the development of nextgeneration ethanol technologies and markets based on Chile’s competitive position
in the export of woodchips. Already, countries such as Sweden are investing
heavily in technology to lower the cost of cellulosic ethanol production from wood
products. Based in Chile, this center would bring together research talent from
countries throughout the region with forestry/cellulose industries interested in
ethanol production from this feedstock to maximize the effectiveness and spread
the benefits of this effort.
• In 2006, with support from the IDB, the Mesoamerican Biofuels Working Group was
formed. The countries represented by the group are currently investigating ways to
expand their biofuels consumption and production capacity. The IDB can further
promote biofuels production expansion in the region by launching a Mesoamerican
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• The IDB could sponsor the creation of a hub for the development of next-generation
biodiesel technologies and markets, linked to Colombia’s strong potential in palm
oil-based biodiesel. This Next-Generation Biodiesel Research and Development
Project would be a cooperative endeavor among a range of countries with interests
in biodiesel (most countries in the region) and would enable the creation of the kind
of collaborative environment required to maximize productive output of research
efforts.
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Capacity Expansion Initiative to help coordinate activities in connection with
the various organizations, plans and agreements in place that touch on biofuels
development.
• Pacific trade is booming, and Asian markets such as China and Japan are projected
to have massive shortfalls in biofuels production in the coming years, but Latin
America’s export infrastructure faces east. The existence of such hub ports not
only increases the level of trade through those facilities, but also lowers the costs
of transportation for the region as a whole. Through a Trans-Pacific Infrastructure
and Market Development Project, the IDB could support regional biofuels “hubs” or
transport centers, helping to facilitate trade between supply and demand centers.
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