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tomar fuerza. Los autores antes citados afirman: “las
instituciones financieras internacionales han mostra-
do importantes avances en lo que respecta a tener en
cuenta los efectos ambientales de la concesión de
préstamos y el desarrollo de proyectos. Prácticamente
todas estas instituciones, tanto internacionales como
regionales y subregionales, han ido estableciendo
progresivamente directrices ambientales que ayudan
a evaluar los riesgos relacionados con el medio am-
biente antes de aprobar un proyecto”. Alguno de los
fondos de estudio ambiental han debido ser utilizados
para arreglar impactos negativos provocados por pro-
yectos de las propias instituciones de financiamiento
internacional.

Párrafo aparte merece el financiamiento nacional.
“Las políticas de financiamiento interno para el desa-
rrollo sostenible han evolucionado con mucha lenti-
tud, reflejando la debilidad que sufren todavía las
instituciones correspondientes dentro de los aparatos
estatales”. El gasto ambiental total en la última déca-
da no ha superado el 1% del PIB y el gasto público
casi nunca supera el 3% del gasto público total. A
pesar de los avances metodológicos para medir este
gasto, aún queda mucho por delante, y es posible
afirmar que es muy difícil comparar estos gastos en-
tre diferentes países.

Como afirman Alicia Bárcena y Carlos de Miguel,
“los debates en torno al financiamiento para el desa-
rrollo que culminaron en la Cumbre Mundial sobre
Desarrollo Sostenible aún revela la ausencia de un
pensamiento creativo en los enfoques que se adoptan
para tender las necesidades de contar con recursos
adicionales para financiar la dimensión ambiental del
desarrollo sostenible”.

A ello habría que agregar que, tal como se presentan
las cosas en América Latina, los recursos destinados
para financiar la dimensión ambiental, siempre serán
postergados o reducidos en función de las demandas
de recursos para detener el hambre, o incrementar la
tasa de inversión para generar empleo e ingresos.

Tanto nacionalmente como internacionalmente el
medio ambiente seguirá siendo considerado como el
pariente pobre del desarrollo. Máxime si se considera

que muchas actividades a financiar con fondos para
el medio ambiente, podrían tener un efecto de retardo
a corto plazo del crecimiento económico.

El gran desafío pues, al margen de hacer los esfuer-
zos para conseguir mayor participación en el finan-
ciamiento ambiental tanto nacional como internacio-
nalmente, será la búsqueda de soluciones económi-
co–sociales que sean en sí mismas ambientalmente
sustentables. Ello porque es muy difícil tener avances
en el medio ambiente de los países de la región con-
siderando el medio ambiente como un agregado en
las políticas de desarrollo y buscando en financia-
miento para abordar este agregado. En este contexto,
siempre el financiamiento será insuficiente.

Quizás, la búsqueda de un “estilo de desarrollo” plan-
teado hace veinticinco años atrás perseguía solucio-
nes integrales, más que desagregaciones de las distin-
tas dimensiones, que hacían en esa época considerar
al medio ambiente en un rol secundario, considera-
ción que sigue vigente hoy día.
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paradigm shift where the lead can be taken by the
developing world. Governments and entrepreneurs in
China, India and Brazil in particular understand bet-
ter than anyone else that that they cannot hope to
achieve full industrialization by simply following the
same unsustainable fossil fuel pathway pursued by
the developed world. If they burn coal, oil and gas at
the same rate as the developed world has done, they
will kill us all. More to the point, they well under-
stand that they would be prevented by military threat
– and by outright war – from attempting to do so.
Renewable energy options for these countries there-
fore represent a compelling option.

Until recently, it was the conventional wisdom that
renewable energies would be a marginal and costly
alternative, that might make some headway over a
century or more as technologies improved. But the
case of Brazil and China and India shows that renew-
ables – led by biofuels and in particular ethanol – are
competitive here and now, and what’s more represent
an exceedingly attractive option for developing coun-
tries.

The advantages for developing countries of ethanol
and biodiesel over their fossil fuel counterparts as
transport fuels are many, and include the facts that:

 they are cheaper than oil;
 they provide energy security as opposed to

dependence on imports from unstable oil re-
gimes;

 they burn more cleanly;
 they generate fewer greenhouse gases;
 they promote rural development;
 they can generate new export industries for

developing countries;
 even countries with a low level of science and

technology can get a start with biofuels; and
 they promote South-South cooperation, led by

cooperation and investment between Brazil,
India and China.

Strategizing around renewable energy is fundamen-
tally different from securing strategic supplies of
fossil fuels, in particular oil. To engage in global
strategic games (with their deadly consequences in

the form of resource wars) in pursuit of security of
oil supplies is one thing – and China, India and Brazil
are all playing that game, with increasing sophistica-
tion and success, to the consternation of the US and
its western allies. The key issues here are military
strength, international political and military alliances,
and diplomatic maneuvering.

But to strategize around renewable energy sources
calls for calculations of a quite different kind. This
calls for interventionist industry policies to kick-start
new renewable energy industries, such as those based
on growing and distilling biofuels; or on capturing
solar energy; or building wind farms and kick-
starting domestic industries to produce PV solar cells
and wind turbines. But more than this it calls for so-
phisticated design of the institutional settings in
which a transition to utilization of renewable energy
may be effected – from mandating the use of ethanol-
petrol blends in motor vehicles, and extending such
mandates to diesel-powered machines, to mandating
rising proportions of electric power generation from
renewable sources; to sophisticated tax measures that
offer incentives to move towards energy conservation
and efficient fuel usage and disincentives to ineffi-
cient fuel use (such as indiscriminate use of SUVs in
cities). The point is that strategizing around renew-
ables goes to the heart of an industrial development
strategy – and one that is, moreover, tuned to the
fundamentals of energy supply and demand, rather
than being framed in purely monetary terms.

Brazil has taken an early lead in biofuels, driven by
its huge domestic ethanol program that has seen its
use as a blended fuel mandated by the federal gov-
ernment, backed by early subsidies to sugar produc-
ers to enable them to produce ethanol as well as
sugar. Now Brazil has a thriving export industry for
biofuels, with firms operating bioreactors at its core.
In these reactors a decision to produce sugar or etha-
nol can be taken on a daily basis, at the flick of a
switch, depending on current world prices. In 2005
Brazil started to replicate its success with bioethanol
through a biodiesel program. Already by late 2006
this program had generated 100,000 jobs in the north-
east of the country, producing biodiesel from oil
crops such as castor oil and palm oil. The Brazilian

“China and India will soon be the main source of
[greenhouse gas] emissions, and to avoid a hot and un-

comfortable world, there is no sensible alternative to nu-
clear energy.”

James Lovelock, author of the Gaia hypothesis

“All renewables suffer from low areal densities… photo-
synthesis has too low a power density (~0.6 W/m2) for bio-

fuels to contribute significantly to climate stabilization.”
M.I. Hoffert et al, Advanced technology paths to global

climate stability: Energy for a greenhouse planet, Science,
298 (Nov 2002), p 984

“The biodiesel industry has accidentally invented the
world’s most carbon-intensive fuel.”

George Monbiot, “Worse than fossil fuel”, The Guardian,
6 December 2005

The world is finally having the debate over green-
house gas emissions and what to do about them that
we should have been having a long time ago. But
many of the most prestigious and revered contribu-
tors to the debate are getting things round the wrong
way. Many, if not all commentators, see China and
India as becoming the worst offenders in terms of
greenhouse gas emissions, and thereby imply – or are
explicit – that they must be stopped to protect the rest
of us. Others simply assert, albeit in the refereed
pages of Science, that biofuels cannot substitute for

fossil fuels, although considering evidence that, on
closer inspection, leaves out potentially vast re-
sources in the developing world. But actually there is
a quite different perspective, one that sees the three
main developing countries today – Brazil, India and
China – as the vanguard countries in the search for
renewable energies. From this perspective, it is the
conjunction of concerns over the peaking of oil sup-
plies, combined with the pressing concerns to reduce
greenhouse gas emissions, that is leading Brazil, In-
dia and China to develop a totally novel approach to
the issue of renewable fuels, and biofuels in particu-
lar. By so doing they are driving their own industrial
development, in a way that offers exciting prospects
for the rest of the developing world today. Far from
being source of the world’s environmental problems,
the developing countries, led by Brazil, India and
China, could instead be leading the world to a practi-
cable solution.

The world is on the verge of a vast and dramatic
surge in investment in biofuels – starting with etha-
nol, and then moving rapidly to biodiesel and a range
of other biologically produced liquid fuels. While
some companies in the US, Europe and Japan are
already deeply involved in biofuels and renewable
energies generally, and while the oil and automotive
industries dither over their responses to these devel-
opments, the fact is that this is one technological
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national energy company, Petrobras, introduced a
new biodiesel product, dubbed H-Bio, produced at
the refinery, in 2006, the first in the world to do so.
In the words of Brazil's minister of agriculture,
Roberto Rodrigues, “Renewable fuel has been a fan-
tastic solution for us. And it offers a way out of the
fossil fuel trap for others as well."

China and India are Brazil’s largest export markets
for ethanol, and are themselves rising fast as produc-
ers, now as 3rd and 4th largest ethanol producers in
the world, and rising fast in the biodiesel stakes as
well. Many other tropical developing countries, in
Asia and in Central America, are also becoming ac-
tive in biofuels. In promoting renewable energy fu-
tures, in their own interests, developing countries can
thereby create a new agenda for solving the wider
problems of global warming. While many economists
and policy specialists have addressed themselves to
this issue, most see the developing world blindly
following in the footsteps of the polluting developed
countries; few if any see developing countries as part
of the solution. Herein lies the attractiveness of de-
veloping countries, and development agencies like
the World Bank, in getting behind biofuels and re-

newable energies. By doing so, they take the lead in
moving the world to its destined future independence
from fossil fuels – as envisaged by numerous schol-
ars, and captured most effectively by the IIASA/
WEC study, Global Energy Perspectives, published
in 1998, as shown in Chart 1.

The era when industrial development strategies could
be formulated without reference to energy sources, is
over. When we look just at the developing countries,
of the world’s 47 poorest, no fewer than 38 are net
oil importers, and 25 are completely dependent on oil
imports – victims of commitments made during the
times when the price of oil was seen as low forever.
Yet these are the countries that generally have favor-
able circumstances for producing biofuels.

If the argument of this paper is sound, then it means
that renewable energies – starting with biofuels –
represent a unique and irreplaceable opportunity that
must not be missed. It means that organizations such
as the World Bank should be getting behind the re-
newables option – and in particular biofuels – with
huge and massive assistance, making it their top pri-
ority. For developing countries generally, biofuels

are pressing to be considered as Number One priority
because of their multiple benefits and multiplier ef-
fect they induce.

The case of Brazil

Brazil has emerged as the world’s leading producer
of biofuels, encompassing ethanol and biodiesel. It
has built this leadership position through distinctive
crops that maximize its advantages as a tropical
country, deriving ethanol from sugarcane, and bio-
diesel from a variety of oilseeds. Some of these, like
castor oil, are being grown as a deliberate strategy on
degraded and arid lands in the impoverished north-
east, thereby giving a major fillip to social develop-
ment in the region.

Brazil has become the world’s largest producer and
exporter of ethanol. In 2005, production of sugar and
ethanol in Brazil totaled 28.7 million metric tons and
4.8 billion gallons (18.17 billion liters, or 18,170
ML), which are record levels. The industry is highly
decentralized, but it also includes national lead firms
like Petrobras, which is rapidly morphing from an oil

producer to an energy producer, with a focus on etha-
nol and biodiesel. The industry has really taken off in
the 2000s as the unsubsidized price of ethanol has
fallen below that of oil – as shown in Chart 2.

Brazil grows sugar cane crops on five million hec-
tares, a fifth of its land under cultivation. In Brazil
there are around 60,000 crop suppliers (farmers and
farmer coops) supplying over 340 industrial units
producing ethanol (bioreactors and distilleries), with
a further 50 such units under construction. The etha-
nol industry supports an estimated 500,000 jobs in
the countryside, and a further 500,000 jobs in indi-
rectly related employment.

In Brazil many of the ethanol plants are in fact dual
plants, running with technology that allows them to
produce either sugar or ethanol, at the flick of a
switch – depending on the world price of each. In
fact some plants are now built as triple integrated
plants, involving sugar, ethanol and biodiesel.7 The
share of sugarcane used in ethanol production is ex-
pected to rise substantially in coming years.

Brazilian ethanol is far more competitive than that
produced in the U.S. from corn or in Europe from

A Biofuels Manifesto [John Mathews]

Chart 1. Changes in primary energy shares, 1850 to 2100
Source: Nakicenovic et al (1995) Fig. 5.7 Scenario C1

Chart 2. Price paid to ethanol producers and gasoline cost
Source: UNICA (Brazil)
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sugar beet, because of shorter processing times (the
starch in corn or beet has to be rendered into sugars
first), lower labor costs, lower transport costs and
input costs. The energy derived from sugarcane is
roughly eight times that derived from northern hemi-
sphere crops such as corn. But there are also subtle
factors at work as well. In Brazil a massive R&D
effort has been devoted to unlocking the biological
secrets of sugar and ethanol. At the Centro de Tec-
nologia Canavieira (Cane Technology Centre), an
R&D facility funded largely by the sugarcane indus-
try the genome of sugar cane has been decoded, and
used to select varieties that are more resistant to
drought and pests and that yield higher sugar content.
The Centre has developed some 140 varieties of
sugar, which has helped to drive costs down by 1% a
year, and allowed the country to avoid the pests and
diseases that can ravage monoculture.

This is a latecomer advantage – the capacity to focus
R&D exclusively on a topic of national economic
significance, rather than across the board. Brazil has
done this to a refined degree with sugar and alcohol,
and results speak for themselves. No wonder succes-
sive delegations from India and China have been
visiting Brazil over the past year.

Brazil’s success with ethanol goes back to the 1970s,
when the country’s military leaders reacted to the
1973 oil crisis with a drastic push towards ethanol.
Brazil in the 1970s was 80% dependent on oil im-
ports, and 40% of its foreign exchange earnings were
used to import oil. The country slid into recession,

and by the mid- 1970s was facing bankruptcy. In
these circumstances the military government issued a
directive requiring that the country’s gasoline should
be blended with 10% (E10) ethanol – a level that
Brazil raised steadily over the next five years to 25%
(E25). To facilitate the shift, the government pro-
vided sugarcane companies low interest loans to
build ethanol plants, as well as funding indigenous
efforts to produce a car that would run on pure alco-
hol – which was achieved at a Brazilian Air Force
laboratory, leading to a 5,000 mile trip embarked on
by the cars, with banners announcing “Powered by
Alcohol.”

Then after the 1979 Iranian revolution, and a further
rise in oil prices, the Brazilian government imple-
mented the National Alcohol Program, or Proalcool
program, under which the ethanol blend targets were
raised; further subsidies and low-interest loans were
made to sugar companies to raise ethanol production;
tax breaks were offered to car companies to build
ethanol-powered vehicles; and the national oil com-
pany, Petrobras, was ordered to make ethanol avail-
able at filling stations. By the end of 1979, Fiat was
offering an ethanol-only vehicle for sale in Brazil.
All told, Brazil spent a total of $16 billion from 1979
until the mid-1990s on the Proalcool program – with
savings in oil imports amounting to at least US$120
billion.

The program dipped in the mid-1980s, as oil prices
fell to record lows. But it was never entirely discon-
tinued, and meantime Brazilian sugar producers were

raising their productivity. By the mid-1990s, Brazil
had discontinued its subsidies for the sugar industry,
forcing producers to be world competitive. As oil
prices rose again in the 2000s, so the program came
back into fashion, this time under a civilian admini-
stration, and this time building on the competence
base established by the Proalcool program. Brazil
now mandates a fuel blend of E25 nationally. But
ethanol has become so popular that it now accounts
for at least 40% of all vehicle fuel, and rising. Brazil
is estimated to save $50 billion per annum in terms of
petroleum imports – one of the most significant of
the side-effects of moving to biofuels.

The critical breakthrough in the recent period has
been the idea of flex-fuel vehicles (FFVs) – an insti-
tutional innovation riding on the back of a simple
technological innovation. Flex-fuel vehicles, intro-
duced in Brazil in 2003 and their sales have increased
dramatically since, by 585% in 2005, so that the
share of flex-fuel vehicles (FFVs) in the total vehicle
fleet reached 22% in 2004. It is expected to reach
60% in 2006.

The flex-fuel vehicle is an ordinary vehicle fitted
with a sensor, to detect the oilethanol blend at any
given moment in the petrol tank; an on-board com-
puter programmed to adjust the engine mechanism to
the current fuel mix; and a simple adjustment of the
engine firing systems to accommodate pure ethanol.
The total package can cost as little as US$80.

It was Brazilian innovation that came up with the
device. Although Ford had offered a flex-fuel system
in a few of its vehicles, dating back to 1991, the Bra-
zilians thought the device clumsy. A designer at the
Italian parts company, Magneti Morelli in Brazil,
Fernando Damasceno, created the current Brazilian
system by programming a standard car computer to
do the job. In 2002 the company licensed the device
to VW, who introduced its first flex-fuel vehicle, the
Gol, in 2003. It took off like the proverbial rocket,
and nothing has been the same in Brazil since. Brazil
is now turning to ethanol as aviation fuel as well, to
complement its success in aviation exports, e.g.
through Embraer. Small planes, like crop dusters, are
reported to be switching to ethanol because it is
cheaper and more widely available. They are think-
ing along the same lines as Richard Branson, who
has been reported to have invested heavily in ethanol
production systems for his Virgin Atlantic and Virgin
Blue airlines.

Biodiesel in Brazil

Brazil is also taking steps towards biodiesel, as the
second phase of its planned development of biofuels.
The pieces were put in place as early as 2003 when a
special strategy workshop was held by the newly
elected Lula administration. Then in 2005 the Na-
tional Biodiesel Production Program was launched,
as a total program, encompassing phased introduction
of biodiesel blends, and the encouragement of sup-
plies, their standardization and quality assurance, and
the active promotion of small family farms in the

Chart 4. Historical market share of ethanol-fueled cars in Brazil
Source: Fig. 2.4, ESMAP 2005 (ANFAVEA 2005)
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sugar beet, because of shorter processing times (the
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fell to record lows. But it was never entirely discon-
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is estimated to save $50 billion per annum in terms of
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technological innovation. Flex-fuel vehicles, intro-
duced in Brazil in 2003 and their sales have increased
dramatically since, by 585% in 2005, so that the
share of flex-fuel vehicles (FFVs) in the total vehicle
fleet reached 22% in 2004. It is expected to reach
60% in 2006.

The flex-fuel vehicle is an ordinary vehicle fitted
with a sensor, to detect the oilethanol blend at any
given moment in the petrol tank; an on-board com-
puter programmed to adjust the engine mechanism to
the current fuel mix; and a simple adjustment of the
engine firing systems to accommodate pure ethanol.
The total package can cost as little as US$80.

It was Brazilian innovation that came up with the
device. Although Ford had offered a flex-fuel system
in a few of its vehicles, dating back to 1991, the Bra-
zilians thought the device clumsy. A designer at the
Italian parts company, Magneti Morelli in Brazil,
Fernando Damasceno, created the current Brazilian
system by programming a standard car computer to
do the job. In 2002 the company licensed the device
to VW, who introduced its first flex-fuel vehicle, the
Gol, in 2003. It took off like the proverbial rocket,
and nothing has been the same in Brazil since. Brazil
is now turning to ethanol as aviation fuel as well, to
complement its success in aviation exports, e.g.
through Embraer. Small planes, like crop dusters, are
reported to be switching to ethanol because it is
cheaper and more widely available. They are think-
ing along the same lines as Richard Branson, who
has been reported to have invested heavily in ethanol
production systems for his Virgin Atlantic and Virgin
Blue airlines.

Biodiesel in Brazil

Brazil is also taking steps towards biodiesel, as the
second phase of its planned development of biofuels.
The pieces were put in place as early as 2003 when a
special strategy workshop was held by the newly
elected Lula administration. Then in 2005 the Na-
tional Biodiesel Production Program was launched,
as a total program, encompassing phased introduction
of biodiesel blends, and the encouragement of sup-
plies, their standardization and quality assurance, and
the active promotion of small family farms in the
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impoverished north-east as suppliers. The Biodiesel
program is focused on the cultivation of a variety of
oilseeds, including such well known staples as soy-
bean and palm oil, and including newer varieties that
are non edible, such as castor oil, which cannot there-
fore be viewed as competing with foodstuffs. The
phased blends involve a voluntary blending of up to
2% initially, moving to a mandated 2% blend by
2008, and rising to a mandated 5% blend (B5) by
2013 at the latest. As discussed below, the Brazilian
biodiesel program is a carefully thought through ini-
tiative, involving institutional innovations such as the
use of a special “Seal of Social Responsibility”
which can be awarded to biodiesel producers if they
source their oilseeds from small, family-owned farms
in the impoverished north-east. The variety of crops
utilized is shown in Table 1.

By September 2006, when the program was no more
than 18 months old, already 20,000 such farms had
been enrolled in the program, creating up to 100,000
new rural jobs in the cultivation of oilseeds for biofu-
els. Thus the Biodiesel program is being carefully
crafted in Brazil, in conscious imitation of the coun-
try’s successful Proalcool Program. Several plants
are now being constructed or are in operation, using
advanced technology supplied by leading oil compa-
nies such as the Belgian giant DeSmet Ballestra,
which has licensed its technology to the major Bra-
zilian supplier of biodiesel and ethanol plant equip-
ment, Dedini. Brazilian agroindustrial producers now
include such national firms as Granol (one of the
largest conglomerates in Brazil, with its own indus-
trial units, warehousing and purchasing operations,

and port terminals), Usina Barralcool, and Grupo
Bertin.

There is also homegrown technological innovation
helping to drive the Brazilian biodiesel program. In
mid-2006, the Brazilian national energy company,
Petrobras, announced that it had developed a hydro-
genated vegetable oil/mineral oil mix, dubbed H-Bio,
to be its lead biodiesel product in coming years. As
opposed to the current method of choice
(transesterification) to produce biodiesel, H-Bio is
produced by catalytic hydrogenation of a vegetable
oil/mineral oil mix. The hydrogenation is carried out
at a refinery, where hydrogen is produced as a by-
product from petroleum refining processes. H-Bio
represents a revolutionary new approach to produc-
tion of biodiesel, and puts Petrobras in the world lead
in this emerging market. It enables Petrobras to bene-
fit from the wide variety of oil-crops currently grown
in Brazil, as shown in Table 1.

Petrobras has announced that it plans to utilize 256
million liters of soy oil in the first year (10% of the
total of soy oil exported by Brazil) and that this will
represent a saving of 15% in diesel imports, amount-
ing to a saving of US$145 million in the first year,
and US$240 million in the medium-term. Brazil cur-
rently imports 10% of its diesel fuel needs. While soy
oil is being used for H-Bio at first, it is expected that
other oils, such as castor, sunflower, palm and cotton
oils will be used in oil blends in the future. Accord-
ing to Petrobras, investments needed to modify the
refineries are small, of the order of US$38 million.
As of 2008, the company has announced plans to
spread the process to two more refineries, with a fur-

ther US$23 million in investments. By then, the com-
pany will be processing 425 million liters of oil, rep-
resenting a 25% reduction in the need for imported
diesel.

China, India and others are following close
behind

China and India are also taking their own steps to
becoming significant producers of biofuels and of
renewable energy sources generally. India, like Bra-
zil, has large tracts of land under cane cultivation.
Both the Chinese and Indian governments are extend-
ing tax incentives to make biofuels economically
feasible. China is reported to be considering making
an E10 blend mandatory before the 2008 Chinese
Olympics in Beijing, to do something about the air
pollution.

China has become the world's third largest ethanol
producer after Brazil and the US, according to an
announcement from the National Development and
Reform Commission (NDRC), the state economic
planner, in March 2006. China has ambitious plans to
make biofuels account for 15% of the nation’s trans-
port fuels by the year 2020. The Chinese Ministry of
Finance is reportedly developing a risk sharing
mechanism to cover biomass producers, and give
them a buffer in case oil prices plunge again. E10
blends have been made mandatory in five Chinese
provinces that account for 16 percent of the nation's
passenger transport. China actually introduced a trial
ethanol program in five cities in 2002, and expanded
it to seven additional provinces in 2004.

Under the 10th five-year plan (2001-2005), China
mandated the construction of four bioethanol plants.
Annual production of ethanol has increased to 1.02
million tons per year, thanks to direct funding from
the Finance Ministry, preferential tax policies and
subsidies. Fuel ethanol is produced in Northeastern
China, central China's Henan province, northern
China's Hebei province and eastern China's Anhui,
Shandong and Jiangsu provinces.

So far in China, mainly corn (maize) and wheat have
been used as raw materials to make fuel ethanol, and
the ethanol has been purchased and mixed with gaso-
line by the country's state-owned oil producers, in-
cluding Sinopec. The Finance Ministry has allocated
2 billion yuan (US$250 million) for ethanol projects
over the past five years. They were launched mainly
to solve the problem of corn surpluses in the north-
east, China's major corn-producing area. The corn-
for-ethanol projects increased the market demand for
corn, and the market prices of corn have been in-
creasing gradually in the past several years. For ex-
ample, the China National Cereals, Oils and Food-
stuffs Corporation (COFCO), the country's main fuel
ethanol producer, announced plans to build a
300,000-ton-per-annum fuel ethanol plant in Heng-
shui, Hebei Province, in July 2006. The plant is ex-
pected to start supplying ethanol to Sinopec and
CNPC, the top two state oil companies, once it is
completed at the end of 2007. In addition to its own
land, China is also extending its ethanol cultivation
into neighboring Laos. China’s Henan Tianguan
Group has entered into a contract with the govern-
ment of Laos to lease 15 square kilometers of land
for the production of cassava-based ethanol. China
itself is home to the world’s largest ethanol plant, at
Jilin, operated by the Jilin Tianhe Ethanol Distillery.

India already has a Ministry of Non-Conventional
Energy Sources which is an institutional means of
consolidating all of the country’s renewable energy
policies. For example in 2006 the Government of
India announced that it would make ethanol blending
mandatory as from October 2006 – initially with a
5% blend (E5) and rising to a 10% blend (E10)
within a further year, and E20 subsequently. This
follows several state-level programs that have al-
ready made a big difference. India is moving on all
three fronts – biofuels, solar energy and wind power
– in a determined way. On biofuels it has companies
at the leading edge of bioreactor technology, such as
Praj, which has world-wide license rights to the ad-
vanced bioreactor technology of the US firm Delta-T,
and which is using this technological lead to become
one of the strongest technology firms in the biofuels
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castor oil sunflower soy palm cotton

crop yield (kg/ha) 1500 1500 3000 20000 30000

oil contents (%) 47% 42% 18% 20% 15%

oil yield (kg/ha) 705 630 540 4000 450

2005 production in Brazil
(thousands of cubic meters per year) 90 23 5600 151 315

Table 1. Brazilian biodiesel and vegetable oil sources
Source: Petrobras
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impoverished north-east as suppliers. The Biodiesel
program is focused on the cultivation of a variety of
oilseeds, including such well known staples as soy-
bean and palm oil, and including newer varieties that
are non edible, such as castor oil, which cannot there-
fore be viewed as competing with foodstuffs. The
phased blends involve a voluntary blending of up to
2% initially, moving to a mandated 2% blend by
2008, and rising to a mandated 5% blend (B5) by
2013 at the latest. As discussed below, the Brazilian
biodiesel program is a carefully thought through ini-
tiative, involving institutional innovations such as the
use of a special “Seal of Social Responsibility”
which can be awarded to biodiesel producers if they
source their oilseeds from small, family-owned farms
in the impoverished north-east. The variety of crops
utilized is shown in Table 1.

By September 2006, when the program was no more
than 18 months old, already 20,000 such farms had
been enrolled in the program, creating up to 100,000
new rural jobs in the cultivation of oilseeds for biofu-
els. Thus the Biodiesel program is being carefully
crafted in Brazil, in conscious imitation of the coun-
try’s successful Proalcool Program. Several plants
are now being constructed or are in operation, using
advanced technology supplied by leading oil compa-
nies such as the Belgian giant DeSmet Ballestra,
which has licensed its technology to the major Bra-
zilian supplier of biodiesel and ethanol plant equip-
ment, Dedini. Brazilian agroindustrial producers now
include such national firms as Granol (one of the
largest conglomerates in Brazil, with its own indus-
trial units, warehousing and purchasing operations,

and port terminals), Usina Barralcool, and Grupo
Bertin.

There is also homegrown technological innovation
helping to drive the Brazilian biodiesel program. In
mid-2006, the Brazilian national energy company,
Petrobras, announced that it had developed a hydro-
genated vegetable oil/mineral oil mix, dubbed H-Bio,
to be its lead biodiesel product in coming years. As
opposed to the current method of choice
(transesterification) to produce biodiesel, H-Bio is
produced by catalytic hydrogenation of a vegetable
oil/mineral oil mix. The hydrogenation is carried out
at a refinery, where hydrogen is produced as a by-
product from petroleum refining processes. H-Bio
represents a revolutionary new approach to produc-
tion of biodiesel, and puts Petrobras in the world lead
in this emerging market. It enables Petrobras to bene-
fit from the wide variety of oil-crops currently grown
in Brazil, as shown in Table 1.

Petrobras has announced that it plans to utilize 256
million liters of soy oil in the first year (10% of the
total of soy oil exported by Brazil) and that this will
represent a saving of 15% in diesel imports, amount-
ing to a saving of US$145 million in the first year,
and US$240 million in the medium-term. Brazil cur-
rently imports 10% of its diesel fuel needs. While soy
oil is being used for H-Bio at first, it is expected that
other oils, such as castor, sunflower, palm and cotton
oils will be used in oil blends in the future. Accord-
ing to Petrobras, investments needed to modify the
refineries are small, of the order of US$38 million.
As of 2008, the company has announced plans to
spread the process to two more refineries, with a fur-

ther US$23 million in investments. By then, the com-
pany will be processing 425 million liters of oil, rep-
resenting a 25% reduction in the need for imported
diesel.

China, India and others are following close
behind

China and India are also taking their own steps to
becoming significant producers of biofuels and of
renewable energy sources generally. India, like Bra-
zil, has large tracts of land under cane cultivation.
Both the Chinese and Indian governments are extend-
ing tax incentives to make biofuels economically
feasible. China is reported to be considering making
an E10 blend mandatory before the 2008 Chinese
Olympics in Beijing, to do something about the air
pollution.

China has become the world's third largest ethanol
producer after Brazil and the US, according to an
announcement from the National Development and
Reform Commission (NDRC), the state economic
planner, in March 2006. China has ambitious plans to
make biofuels account for 15% of the nation’s trans-
port fuels by the year 2020. The Chinese Ministry of
Finance is reportedly developing a risk sharing
mechanism to cover biomass producers, and give
them a buffer in case oil prices plunge again. E10
blends have been made mandatory in five Chinese
provinces that account for 16 percent of the nation's
passenger transport. China actually introduced a trial
ethanol program in five cities in 2002, and expanded
it to seven additional provinces in 2004.

Under the 10th five-year plan (2001-2005), China
mandated the construction of four bioethanol plants.
Annual production of ethanol has increased to 1.02
million tons per year, thanks to direct funding from
the Finance Ministry, preferential tax policies and
subsidies. Fuel ethanol is produced in Northeastern
China, central China's Henan province, northern
China's Hebei province and eastern China's Anhui,
Shandong and Jiangsu provinces.

So far in China, mainly corn (maize) and wheat have
been used as raw materials to make fuel ethanol, and
the ethanol has been purchased and mixed with gaso-
line by the country's state-owned oil producers, in-
cluding Sinopec. The Finance Ministry has allocated
2 billion yuan (US$250 million) for ethanol projects
over the past five years. They were launched mainly
to solve the problem of corn surpluses in the north-
east, China's major corn-producing area. The corn-
for-ethanol projects increased the market demand for
corn, and the market prices of corn have been in-
creasing gradually in the past several years. For ex-
ample, the China National Cereals, Oils and Food-
stuffs Corporation (COFCO), the country's main fuel
ethanol producer, announced plans to build a
300,000-ton-per-annum fuel ethanol plant in Heng-
shui, Hebei Province, in July 2006. The plant is ex-
pected to start supplying ethanol to Sinopec and
CNPC, the top two state oil companies, once it is
completed at the end of 2007. In addition to its own
land, China is also extending its ethanol cultivation
into neighboring Laos. China’s Henan Tianguan
Group has entered into a contract with the govern-
ment of Laos to lease 15 square kilometers of land
for the production of cassava-based ethanol. China
itself is home to the world’s largest ethanol plant, at
Jilin, operated by the Jilin Tianhe Ethanol Distillery.

India already has a Ministry of Non-Conventional
Energy Sources which is an institutional means of
consolidating all of the country’s renewable energy
policies. For example in 2006 the Government of
India announced that it would make ethanol blending
mandatory as from October 2006 – initially with a
5% blend (E5) and rising to a 10% blend (E10)
within a further year, and E20 subsequently. This
follows several state-level programs that have al-
ready made a big difference. India is moving on all
three fronts – biofuels, solar energy and wind power
– in a determined way. On biofuels it has companies
at the leading edge of bioreactor technology, such as
Praj, which has world-wide license rights to the ad-
vanced bioreactor technology of the US firm Delta-T,
and which is using this technological lead to become
one of the strongest technology firms in the biofuels
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industry. India is mandating alcohol blended fuels in
several states.

India has at least 120 ethanol plants in operation,
using either molasses or sugar cane as raw material.
Major companies involved include Bajaj Hindusthan
and Balrampur Chinni, as well as new entrants such
as Reliance Industries, which is developing Jatropha
plantations in Andhra Pradesh. The US venture capi-
talist Vinod Khosla has taken a 10% stake in the In-
dian ethanol technology company, Praj Industries, in
an indication of where smart investors are putting
their money. Likewise BP is investing in a 10-year
project to produce biodiesel from Jatropha, with the
aim of producing 9 million liters of biodiesel each
year.

Elsewhere in Asia, Thailand has promoted a cassava-
based ethanol program, and mandated E10 for pas-
senger transport starting in 2007. Malaysia also has
plans to become a major producer of biodiesel utiliz-
ing palm oil. According to the Deputy Prime Minis-
ter, Najib Razak. "All efforts will be carried out by
the government to promote the development of bio-
diesel in the country to reach the target of becoming
the world's biggest producer of biodiesel," he told
reporters. Najib said it would be a mistake if Malay-
sia, as a major palm oil producer, did not tap the huge
potential in the biodiesel market particularly in meet-
ing the demand in Europe and the United States.
“We, as a big palm oil producer, logically can be-
come the largest biodiesel producer and this effort
will be coordinated by the government with the col-
laboration of all parties," he said.

In Malaysia, there has been an investment stampede
into palm oil production for biodiesel. The Prime
Minister, Abdullah Ahmad Badawi announced in
July that licenses had been issued for 52 biodiesel
plants with a combined capacity of 5 million tons per
year; if all these came to fruition it would make Ma-
laysia by far the most significant biodiesel producer
in the world. Malaysia is starting its program with a
5% blend (B5) to be available at pumps in October
2006. The program is designed to enhance the eco-
nomic welfare of the country’s small-scale plantation

holders – but it also threatens to accelerate virgin
rainforest clearing for palm plantations.

Likewise in Indonesia, the government launched a
major bioenergy crash program in 2006, with invest-
ments of up to Euro 17.5 billion up to 2010. A Na-
tional Team for Bioenergy Development has been
formed, under the chairmanship of former Manpower
Planning Minister, Al Hillal Mamdi. The program
envisages construction of 11 biofuel plants, with ca-
pacity of 1.3 GL by 2010, or 3% of the country’s fuel
consumption of 41 GL this year. This would involve
setting aside 6.5 million hectares for cultivation of
biofuels. The Indonesian government is moving to
develop Jatropha plantations and biodiesel as a
means of displacing oil and petrol consumption (and
at the same time, reduce the subsidies that the gov-
ernment pays out to keep petrol prices below world
market prices). Jatropha plantations were created by
the Japanese during World War II to fuel aircraft and
tanks, but after the war they were allowed to fall into
disuse. Now they are being revived.

In promoting renewable sources of energy, all these
tropical developing countries are utilizing their late-
comer advantages, which enable them to leapfrog to
advanced technologies while utilizing their compara-
tive advantages in low costs and abundant sunshine.
At the same time they are developing institutional
innovations, particularly in their tax regimes, de-
signed to provide incentives for fuel efficiencies and
energy conservation.

The arguments in favor of a fossil fuel-
independent development strategy

The conventional wisdom has it that the developing
countries will have to replicate the energy steps of
the developed world. The conventional wisdom has
always been that the developing countries would
eventually catch-up with the developed world,
through emulating their pathways of development.
This implied that China and India, for example,
would be forced to follow in the footsteps of the de-
veloped world. But as they did so, they would create

planetary problems of pollution and resource deple-
tion that the sustainability of the system as a whole
was placed in question. This was the ‘Limits to
Growth’ nightmare, usually translated into implicit or
even explicit threats against the developing countries
that promised to upset things with their energy de-
mands and the exhausts of their activities.

But what the conventional wisdom failed to foresee
was that perhaps India and China would find an alter-
native pathway – one not based on fossil fuels and
extreme dependence on oil imports, but on a different
trajectory, namely one of energy independence and in
particular independence from fossil fuels. Unlike
Russia, which is playing strategic games with its vast
oil and gas reserves, Brazil, India and China (the
countries we can christen the ‘BICs’) are strategizing
around how they can build energy independence
through a variety of renewable fuels and energy
sources – starting with liquid biofuels, since this is
where their vulnerability to balance of payments dis-
asters caused by rising oil import bills would be most
pronounced.

The arguments in favor of developing countries mov-
ing vigorously towards promotion of biofuels indus-
tries may be rehearsed under ten headings, encom-
passing the following issues:

 Energy security and the peaking of oil sup-
plies globally;

 Biofuels as tested substitutes for fossil fuels;
 Abundance of land for producing energy

crops in tropical countries;
 Biofuels’ potential to reduce fuel import bills

and fossil fuel dependence;
 Biofuels production is a rural industry and can

promote social inclusion;
 Countries with even low levels of science and

technology can get a start in biofuels, and they
can create thereby a ‘development bloc’ that
can drive industrial development;

 Biofuels are greenhouse gas neutral and can
earn countries carbon credits;

 Developing countries can develop their own
distinctive latecomer institutional innovations

to capture benefits
 Biofuels promote South-South cooperation;

and
 Biofuels represent simply the first step on a

clean technology development trajectory.

1. Energy security and the peaking of oil supplies
globally

The relentlessly rising costs of oil, which exceeded
$70 per barrel in 2006, and which in inflation-
adjusted terms is approaching the all-time high of the
mid-1970s, now poses a major brake on industrializ-
ing efforts by developing countries. The price is one
effect; the other is the possibility of being held to
ransom by either Middle Eastern oil regimes or by oil
companies looking to allocate ever scarcer supplies.
In the developing world, only Brazil has achieved oil
independence; when its national oil company, Petro-
bras, opened a new off-shore rig, the P-50, in April
2006. Petrobras said the huge P-50 rig would boost
national oil production to an average of 1.9 million
barrels a day in 2006, more than average consump-
tion of 1.85 million barrels a day – thus making Bra-
zil completely independent of fossil fuel imports.
Contrast this with the situation in the 1970s, Brazil
had to import 85% of its oil needs, and it was badly
rocked by the 1973 OPEC oil price increase. Petro-
bras forecasts that by 2010, its production will ex-
ceed Brazil's needs by 300,000 barrels a day.

Looking at the global picture, we see a relentless
buildup of production; but the discovery of new
fields is in steep decline. Indeed new discoveries
peaked in the 1960s. Production must fall following
these declines; but of course everyone keeps showing
mindless predictions of ever-rising production to
keep up with ever-rising consumption. But a gap has
to open – as shown in Chart 5.

Here we see how the US peaked in 1970; then Russia
emerged as a source, now declining; and how Europe
– largely through the North Sea – also had its time in
the sun, now rapidly fading. Other sources such as in
Latin America, West Africa and now Central Asia
have also come to play a role – but they will see
steep decline even as early as 2010. The Middle East
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industry. India is mandating alcohol blended fuels in
several states.

India has at least 120 ethanol plants in operation,
using either molasses or sugar cane as raw material.
Major companies involved include Bajaj Hindusthan
and Balrampur Chinni, as well as new entrants such
as Reliance Industries, which is developing Jatropha
plantations in Andhra Pradesh. The US venture capi-
talist Vinod Khosla has taken a 10% stake in the In-
dian ethanol technology company, Praj Industries, in
an indication of where smart investors are putting
their money. Likewise BP is investing in a 10-year
project to produce biodiesel from Jatropha, with the
aim of producing 9 million liters of biodiesel each
year.

Elsewhere in Asia, Thailand has promoted a cassava-
based ethanol program, and mandated E10 for pas-
senger transport starting in 2007. Malaysia also has
plans to become a major producer of biodiesel utiliz-
ing palm oil. According to the Deputy Prime Minis-
ter, Najib Razak. "All efforts will be carried out by
the government to promote the development of bio-
diesel in the country to reach the target of becoming
the world's biggest producer of biodiesel," he told
reporters. Najib said it would be a mistake if Malay-
sia, as a major palm oil producer, did not tap the huge
potential in the biodiesel market particularly in meet-
ing the demand in Europe and the United States.
“We, as a big palm oil producer, logically can be-
come the largest biodiesel producer and this effort
will be coordinated by the government with the col-
laboration of all parties," he said.

In Malaysia, there has been an investment stampede
into palm oil production for biodiesel. The Prime
Minister, Abdullah Ahmad Badawi announced in
July that licenses had been issued for 52 biodiesel
plants with a combined capacity of 5 million tons per
year; if all these came to fruition it would make Ma-
laysia by far the most significant biodiesel producer
in the world. Malaysia is starting its program with a
5% blend (B5) to be available at pumps in October
2006. The program is designed to enhance the eco-
nomic welfare of the country’s small-scale plantation

holders – but it also threatens to accelerate virgin
rainforest clearing for palm plantations.

Likewise in Indonesia, the government launched a
major bioenergy crash program in 2006, with invest-
ments of up to Euro 17.5 billion up to 2010. A Na-
tional Team for Bioenergy Development has been
formed, under the chairmanship of former Manpower
Planning Minister, Al Hillal Mamdi. The program
envisages construction of 11 biofuel plants, with ca-
pacity of 1.3 GL by 2010, or 3% of the country’s fuel
consumption of 41 GL this year. This would involve
setting aside 6.5 million hectares for cultivation of
biofuels. The Indonesian government is moving to
develop Jatropha plantations and biodiesel as a
means of displacing oil and petrol consumption (and
at the same time, reduce the subsidies that the gov-
ernment pays out to keep petrol prices below world
market prices). Jatropha plantations were created by
the Japanese during World War II to fuel aircraft and
tanks, but after the war they were allowed to fall into
disuse. Now they are being revived.

In promoting renewable sources of energy, all these
tropical developing countries are utilizing their late-
comer advantages, which enable them to leapfrog to
advanced technologies while utilizing their compara-
tive advantages in low costs and abundant sunshine.
At the same time they are developing institutional
innovations, particularly in their tax regimes, de-
signed to provide incentives for fuel efficiencies and
energy conservation.

The arguments in favor of a fossil fuel-
independent development strategy

The conventional wisdom has it that the developing
countries will have to replicate the energy steps of
the developed world. The conventional wisdom has
always been that the developing countries would
eventually catch-up with the developed world,
through emulating their pathways of development.
This implied that China and India, for example,
would be forced to follow in the footsteps of the de-
veloped world. But as they did so, they would create

planetary problems of pollution and resource deple-
tion that the sustainability of the system as a whole
was placed in question. This was the ‘Limits to
Growth’ nightmare, usually translated into implicit or
even explicit threats against the developing countries
that promised to upset things with their energy de-
mands and the exhausts of their activities.

But what the conventional wisdom failed to foresee
was that perhaps India and China would find an alter-
native pathway – one not based on fossil fuels and
extreme dependence on oil imports, but on a different
trajectory, namely one of energy independence and in
particular independence from fossil fuels. Unlike
Russia, which is playing strategic games with its vast
oil and gas reserves, Brazil, India and China (the
countries we can christen the ‘BICs’) are strategizing
around how they can build energy independence
through a variety of renewable fuels and energy
sources – starting with liquid biofuels, since this is
where their vulnerability to balance of payments dis-
asters caused by rising oil import bills would be most
pronounced.

The arguments in favor of developing countries mov-
ing vigorously towards promotion of biofuels indus-
tries may be rehearsed under ten headings, encom-
passing the following issues:

 Energy security and the peaking of oil sup-
plies globally;

 Biofuels as tested substitutes for fossil fuels;
 Abundance of land for producing energy

crops in tropical countries;
 Biofuels’ potential to reduce fuel import bills

and fossil fuel dependence;
 Biofuels production is a rural industry and can

promote social inclusion;
 Countries with even low levels of science and

technology can get a start in biofuels, and they
can create thereby a ‘development bloc’ that
can drive industrial development;

 Biofuels are greenhouse gas neutral and can
earn countries carbon credits;

 Developing countries can develop their own
distinctive latecomer institutional innovations

to capture benefits
 Biofuels promote South-South cooperation;

and
 Biofuels represent simply the first step on a

clean technology development trajectory.

1. Energy security and the peaking of oil supplies
globally

The relentlessly rising costs of oil, which exceeded
$70 per barrel in 2006, and which in inflation-
adjusted terms is approaching the all-time high of the
mid-1970s, now poses a major brake on industrializ-
ing efforts by developing countries. The price is one
effect; the other is the possibility of being held to
ransom by either Middle Eastern oil regimes or by oil
companies looking to allocate ever scarcer supplies.
In the developing world, only Brazil has achieved oil
independence; when its national oil company, Petro-
bras, opened a new off-shore rig, the P-50, in April
2006. Petrobras said the huge P-50 rig would boost
national oil production to an average of 1.9 million
barrels a day in 2006, more than average consump-
tion of 1.85 million barrels a day – thus making Bra-
zil completely independent of fossil fuel imports.
Contrast this with the situation in the 1970s, Brazil
had to import 85% of its oil needs, and it was badly
rocked by the 1973 OPEC oil price increase. Petro-
bras forecasts that by 2010, its production will ex-
ceed Brazil's needs by 300,000 barrels a day.

Looking at the global picture, we see a relentless
buildup of production; but the discovery of new
fields is in steep decline. Indeed new discoveries
peaked in the 1960s. Production must fall following
these declines; but of course everyone keeps showing
mindless predictions of ever-rising production to
keep up with ever-rising consumption. But a gap has
to open – as shown in Chart 5.

Here we see how the US peaked in 1970; then Russia
emerged as a source, now declining; and how Europe
– largely through the North Sea – also had its time in
the sun, now rapidly fading. Other sources such as in
Latin America, West Africa and now Central Asia
have also come to play a role – but they will see
steep decline even as early as 2010. The Middle East
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has reached the limit of its capacity, and is already
embarked on an inexorable decline. The immediate
impact will be that Saudi Arabia will no longer be
able to play the role of swing producer – producer of
last resort. Non-conventional sources of oil and gas –
such as tar sands -- will simply not be able to pick up
the slack, because of high costs, or technical difficul-
ties, or political resistance, as in the case of drilling
in Arctic areas. Thus there is no alternative to renew-
able energy options, especially for developing coun-
tries where rising oil import prices would wreck in-
dustrialization plans.

As an indication of the plausibility of the peaking of
oil supplies, the world’s largest user of fossil fuels,
the US Armed Forces, is in process of switching to
biofuels. In July 2006, the Defense Advanced Re-
search Projects Agency (DARPA) released a solicita-
tion calling for the exploration of energy alternatives
and fuel efficiency efforts in a bid to reduce the mili-
tary’s reliance on traditional fuel for aircraft.
DARPA announced that it is looking for processes
that will efficiently produce alternative nonpetroleum

based military jet fuel from agriculture or aquaculture
crops. Current commercial processes do not produce
alternative fuels that meet the higher energy density
and wide operating temperature range necessary for
military aviation uses. The program is currently out-
lined in a recently issued broad agency announce-
ment and is known as The BioFuels program.

2. Biofuels as tested substitutes for fossil fuels

There is a conventional wisdom based on developed
country perspectives that biofuels cannot possibly
pick up the full burden of transport fuel supplies. As
noted in the epigraph above, the opinion of Professor
Hoffert and his colleagues, writing in the premier
journal Science, is that “All renewables suffer from
low areal densities.” Hoffert et al go on to comment:
“… photosynthesis has too low a power density
(~0.6 W/m2) for biofuels to contribute significantly to
climate stabilization. PV and wind energy
(~15 W/m2) need less land, but other materials can be
limiting” (2002: 984). These illustrious authors, hav-
ing dismissed so cavalierly in a couple of lines the

terrestrial efforts to make up for fossil fuel deficien-
cies with biofuels, solar and wind energy, then go on
to devote paragraphs to an untried and speculative
description of a space-based solar array as part of a
star wars initiative.

The reality is rather different, especially for develop-
ing countries where sunshine and desolate landscapes
are not in short supply. In India for example there are
now several major investment programs underway in
ethanol and biodiesel production, utilizing vast areas
of degraded or under-utilized land. These projects
can also capture latecomer advantages through utiliz-
ing the latest in biorefinery technology – as recog-
nized in a more recent article in Science.

While the issue may be posed in terms of land for
food vs. land for fuel in the developed world, this is
most definitely not the case in developing countries.
There are vast tracts of degraded and semi-arid land
that can be utilized for fuel crops such as sugar cane,
cassava or castor beans (for biodiesel) – not to men-
tion the prospects for semi-arid cultivation of Jatro-
pha curcus. China has vast wastelands in the Yellow
River and Huaihe River basins that would be suitable
for biofuel cultivation.

There is a huge literature hostile to biofuels, accusing
them of being energy intensive in cultivation; taking
land from food crops; and enhancing monoculture.
But these are largely arguments stemming from de-
veloped countries and describing developed country
conditions – particularly in US and northern Europe.
But the situation in developing countries is quite dif-
ferent. Brazil produces ethanol with an energy gain
of up to 8:1, because of the favorable conditions in
which the fuel is produced.

All the technologies needed by developing countries
already exist. They only have to be harnessed and put
to use. Brazil is closely focused in its R&D efforts on
improving yields and efficiency of ethanol produc-
tion. The Cane Technology Centre has developed
some 140 varieties of sugar, which has helped to
drive costs down by 1% a year. Other improvements
include using remains of processed cane (bagasse) to
power the sugar/ethanol plants (making them energy

independent) and using industrial waste from ethanol
production (vinasse) as fertilizer for cane fields. The
Centre is using satellite imagery to map the location
of all cane fields in the country (largely concentrated
in the SE, in the state of Sao Paulo) to help research-
ers discover which varieties grow best in which lo-
calities. These improvements mean a dramatic in-
crease in the productivity of Brazilian sugar cane: 1
hectare which used to produce 2,000 liters of ethanol
now produces three times that amount, or 6,000 li-
ters.

There is a role for both very large and for very small
firms in developing countries in building biofuels
industries. In Brazil for example, Petrobras is already
leading the way to becoming a biofuel company over
and above its efforts to make Brazil independent of
oil imports. Petrobras is now emerging as an energy
company in its own right; in December 2005 the
company announced that it was forming a JV in Ja-
pan, to be called Brazil-Japan Ethanol, which will
have as its main object the creation of an ethanol
market in Japan through supplies from Brazil. In
neighboring Venezuela, the country’s State-owned
oil company has recently embarked on ethanol pro-
duction, through a tie-up with Brazilian equipment
supplier, Dedini – as mentioned below.

3. Abundance of land for producing energy crops in
tropical countries

Tropical developing countries are not as limited in
their choice of feedstocks as temperate, developed
countries. They have the options of using sugar cane
itself, as well as a variety of starchy inputs such as
cassava and, for biodiesel, any of a variety of oil-
seeds that have traditionally been viewed purely as
foodstuffs. Indeed many of the oilseeds now being
cultivated for biodiesel are in fact inedible – such as
castor oil and, in India, the wonder oilseed, Jatropha
(that is also being investigated in Brazil – and so
there is no question of their competing with food
supplies. Indeed one of the most intensive areas for
R&D in biofuels in developing countries needs to be
an investigation of the potential of existing and little
known plants for biofuel production. These options
are being explored by Chinese, Indian and Brazilian
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has reached the limit of its capacity, and is already
embarked on an inexorable decline. The immediate
impact will be that Saudi Arabia will no longer be
able to play the role of swing producer – producer of
last resort. Non-conventional sources of oil and gas –
such as tar sands -- will simply not be able to pick up
the slack, because of high costs, or technical difficul-
ties, or political resistance, as in the case of drilling
in Arctic areas. Thus there is no alternative to renew-
able energy options, especially for developing coun-
tries where rising oil import prices would wreck in-
dustrialization plans.

As an indication of the plausibility of the peaking of
oil supplies, the world’s largest user of fossil fuels,
the US Armed Forces, is in process of switching to
biofuels. In July 2006, the Defense Advanced Re-
search Projects Agency (DARPA) released a solicita-
tion calling for the exploration of energy alternatives
and fuel efficiency efforts in a bid to reduce the mili-
tary’s reliance on traditional fuel for aircraft.
DARPA announced that it is looking for processes
that will efficiently produce alternative nonpetroleum

based military jet fuel from agriculture or aquaculture
crops. Current commercial processes do not produce
alternative fuels that meet the higher energy density
and wide operating temperature range necessary for
military aviation uses. The program is currently out-
lined in a recently issued broad agency announce-
ment and is known as The BioFuels program.

2. Biofuels as tested substitutes for fossil fuels

There is a conventional wisdom based on developed
country perspectives that biofuels cannot possibly
pick up the full burden of transport fuel supplies. As
noted in the epigraph above, the opinion of Professor
Hoffert and his colleagues, writing in the premier
journal Science, is that “All renewables suffer from
low areal densities.” Hoffert et al go on to comment:
“… photosynthesis has too low a power density
(~0.6 W/m2) for biofuels to contribute significantly to
climate stabilization. PV and wind energy
(~15 W/m2) need less land, but other materials can be
limiting” (2002: 984). These illustrious authors, hav-
ing dismissed so cavalierly in a couple of lines the

terrestrial efforts to make up for fossil fuel deficien-
cies with biofuels, solar and wind energy, then go on
to devote paragraphs to an untried and speculative
description of a space-based solar array as part of a
star wars initiative.

The reality is rather different, especially for develop-
ing countries where sunshine and desolate landscapes
are not in short supply. In India for example there are
now several major investment programs underway in
ethanol and biodiesel production, utilizing vast areas
of degraded or under-utilized land. These projects
can also capture latecomer advantages through utiliz-
ing the latest in biorefinery technology – as recog-
nized in a more recent article in Science.

While the issue may be posed in terms of land for
food vs. land for fuel in the developed world, this is
most definitely not the case in developing countries.
There are vast tracts of degraded and semi-arid land
that can be utilized for fuel crops such as sugar cane,
cassava or castor beans (for biodiesel) – not to men-
tion the prospects for semi-arid cultivation of Jatro-
pha curcus. China has vast wastelands in the Yellow
River and Huaihe River basins that would be suitable
for biofuel cultivation.

There is a huge literature hostile to biofuels, accusing
them of being energy intensive in cultivation; taking
land from food crops; and enhancing monoculture.
But these are largely arguments stemming from de-
veloped countries and describing developed country
conditions – particularly in US and northern Europe.
But the situation in developing countries is quite dif-
ferent. Brazil produces ethanol with an energy gain
of up to 8:1, because of the favorable conditions in
which the fuel is produced.

All the technologies needed by developing countries
already exist. They only have to be harnessed and put
to use. Brazil is closely focused in its R&D efforts on
improving yields and efficiency of ethanol produc-
tion. The Cane Technology Centre has developed
some 140 varieties of sugar, which has helped to
drive costs down by 1% a year. Other improvements
include using remains of processed cane (bagasse) to
power the sugar/ethanol plants (making them energy

independent) and using industrial waste from ethanol
production (vinasse) as fertilizer for cane fields. The
Centre is using satellite imagery to map the location
of all cane fields in the country (largely concentrated
in the SE, in the state of Sao Paulo) to help research-
ers discover which varieties grow best in which lo-
calities. These improvements mean a dramatic in-
crease in the productivity of Brazilian sugar cane: 1
hectare which used to produce 2,000 liters of ethanol
now produces three times that amount, or 6,000 li-
ters.

There is a role for both very large and for very small
firms in developing countries in building biofuels
industries. In Brazil for example, Petrobras is already
leading the way to becoming a biofuel company over
and above its efforts to make Brazil independent of
oil imports. Petrobras is now emerging as an energy
company in its own right; in December 2005 the
company announced that it was forming a JV in Ja-
pan, to be called Brazil-Japan Ethanol, which will
have as its main object the creation of an ethanol
market in Japan through supplies from Brazil. In
neighboring Venezuela, the country’s State-owned
oil company has recently embarked on ethanol pro-
duction, through a tie-up with Brazilian equipment
supplier, Dedini – as mentioned below.

3. Abundance of land for producing energy crops in
tropical countries

Tropical developing countries are not as limited in
their choice of feedstocks as temperate, developed
countries. They have the options of using sugar cane
itself, as well as a variety of starchy inputs such as
cassava and, for biodiesel, any of a variety of oil-
seeds that have traditionally been viewed purely as
foodstuffs. Indeed many of the oilseeds now being
cultivated for biodiesel are in fact inedible – such as
castor oil and, in India, the wonder oilseed, Jatropha
(that is also being investigated in Brazil – and so
there is no question of their competing with food
supplies. Indeed one of the most intensive areas for
R&D in biofuels in developing countries needs to be
an investigation of the potential of existing and little
known plants for biofuel production. These options
are being explored by Chinese, Indian and Brazilian
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ethanol and energy producers in tropical countries.
For example, China National Offshore Oil Corp
(CNOOC) signed a memorandum of understanding
with Malaysia's Bio Sweet Sdn Bhd to develop palm
oil-based biodiesel plants in Hainan Island, Shanghai,
Guangzhou and Malaysia. The agreement was signed
in July 2006 between CNOOC's subsidiary, Oil Base
Group Ltd, and Bio Sweet Sdn Bhd of Malaysia
which specializes in biodiesel research and develop-
ment.

The pattern of development of renewable energy
sources in developing countries will follow its own
‘latecomer effect’ logic. While in the developed
world, dependence on biofuels is an expensive option
(because of intensive land use and need for fertilizers
for fuel crops) in the developing world, such as Bra-
zil, biofuels can be produced at much lower unit
costs. And the developing countries have much larger
land resources to devote to raising energy – from
biofuels, from sun (PV cells) and from wind. The
developing world can adopt an ‘agricultural model’
to cultivating renewable energy sources – or what
might be called an ergocultural model. The 21st cen-
tury is likely to see major scientific and technical
advances in both use of land for food (agriculture)
and for energy (ergoculture), with the developing
world taking the lead in both.

But of course land can be misused in the pursuit of
biofuel crops, and clearances of rain forest in the
Amazon and in SouthEast Asia (e.g. in Borneo and
Sarawak) represent the front line of such concerns.

Countries that allow unchecked clearances are de-
feating the very conditions that give them a develop-
mental advantage – and creating opportunities for the
promotion of global scandals such as the fear that the
habitat of apes such as the orangutan are being threat-
ened. And if developed countries can be given an
excuse to block imports of biodiesel from tropical
countries on the grounds that it is derived from mass
clearance of rainforest, then clearly the whole bio-
diesel enterprise is imperiled.

4. Biofuels’ potential to reduce fuel import bills and
fossil fuel dependence

For a developing country, it is all the more perverse
to neglect the biofuel option while imports of oil are
placing an ever-increasing burden on the country’s
balance of payments. Brazil has estimated the sav-
ings on its fuel import bills since the launch of the
Proalcool program to be of the order of $50 billion
per year – which is far larger than the country has
spent in promoting ethanol. Likewise the savings for
China and India in foregone oil imports will be of the
order of hundreds of billions of dollars – the differ-
ence between success and catastrophe in their devel-
opment efforts. Since indebtedness problems are a
major barrier to industrialization, the relief of debt
through displacement of fossil fuel imports repre-
sents a major strategic shift. China’s own domestic
supplies of oil peaked in the early 1990s, and so the
country became dependent on oil imports – just like
the USA 20 years before. The imports of oil needed
by China have been rising inexorably ever since – as

revealed in Chart 6. The situation is even worse in
India, as shown in Table 2, where imports are ex-
pected to reach 75% of the country’s requirements by
2005. This is why an alternative solution has to be
put in place by these countries.

5. Biofuels production is a rural industry and can
promote social inclusion

Brazil sees biofuels production as a way to promote
rural industry and to curb the flight to the cities from
the countryside. Biodiesel produced from castor
beans in Brazil’s arid northeast sertão, for example,
is promoted not just for the biodiesel but also for the
fact that it creates thousands of jobs in this otherwise
impoverished region. Promotion is through fiscal
incentives, such as tax breaks offered to families pro-
ducing the raw materials needed for biodiesel pro-
duction. The more the production of castor beans for
biodiesel and sugar cane for ethanol production
spreads, the greater are the rural employment gener-
ating possibilities, which help to curb migration to
the big cities. In India the production of biodiesel
from Jatropha is also explicitly promoted as a rural
industry capable of generating village-based enter-
prises and local employment. Indian national firms
like Reliance Industries, already a player in the oil
business, are now moving into production of bio-
diesel from plantations established in Andhra
Pradesh.

6. Countries with even low levels of science and
technology can get a start in biofuels – and go on to
build biofuel ‘development blocs’

Biofuels in tropical countries can be grown with
scarcely more input than seed, land, sunshine – and
labor. If the country has a comparative advantage in
low costs, then it can start at a low level of sophisti-
cation – and move up from there. Brazil is demon-
strating how this can be done, through its ethanol
program involving sugar cane, and now its biodiesel
program involving vegetable oil seeds such as castor
and soybean crops. In the words of the country’s
president, Luiz Inacio Lula da Silva (‘Lula’) this pro-
gram had by July 2006 already generated 100,000
new jobs in growing soybeans and other oil crops in
the NorthEast of Brazil. The president made the
claim that the biodiesel program has been designed
as much with social goals as with fuel supply goals.
The point is that a country in Africa can emulate this
example, and devote large tracts of land to fuel crop
production. Domestic consumption can provide an
initial market, since the fuel produced can displace
expensive oil imports. As sophistication is acquired,
and export markets are opened up, so the agricultural
practices can be improved, and advanced distillation
systems installed, and technological knowhow in the
country can be enhanced. This will then have spill-
over effects in other sectors.
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Chart 6. China’s oil production and consumption, 1980-2005
Source: personally elaborated

year
production

(Mt)
import

(Mt)
total
(Mt)

import as %
of total

import value
(USD billion)

1971 6.8 11.7 18.5 63% 0.024

1981 10.5 16.2 26.7 61% 0.744

1991 33.0 20.7 53.7 39% 1.360

2004-2005 (forecast) 33.4 100.0 133.4 75% 27.000

2000 32.0 57.9 89.9 64% 6.821

2003-2004 33.4 90.4 123.8 73% 18.000

Table 2. Production and import of crude oil in India
Source: Ministry of Petroleum and Natural Gas, India



Revista Virtual REDESMA - marzo 2008

Centro Boliviano de Estudios Multidisciplinarios 3939 esta es una publicación de CEBEM

ethanol and energy producers in tropical countries.
For example, China National Offshore Oil Corp
(CNOOC) signed a memorandum of understanding
with Malaysia's Bio Sweet Sdn Bhd to develop palm
oil-based biodiesel plants in Hainan Island, Shanghai,
Guangzhou and Malaysia. The agreement was signed
in July 2006 between CNOOC's subsidiary, Oil Base
Group Ltd, and Bio Sweet Sdn Bhd of Malaysia
which specializes in biodiesel research and develop-
ment.

The pattern of development of renewable energy
sources in developing countries will follow its own
‘latecomer effect’ logic. While in the developed
world, dependence on biofuels is an expensive option
(because of intensive land use and need for fertilizers
for fuel crops) in the developing world, such as Bra-
zil, biofuels can be produced at much lower unit
costs. And the developing countries have much larger
land resources to devote to raising energy – from
biofuels, from sun (PV cells) and from wind. The
developing world can adopt an ‘agricultural model’
to cultivating renewable energy sources – or what
might be called an ergocultural model. The 21st cen-
tury is likely to see major scientific and technical
advances in both use of land for food (agriculture)
and for energy (ergoculture), with the developing
world taking the lead in both.

But of course land can be misused in the pursuit of
biofuel crops, and clearances of rain forest in the
Amazon and in SouthEast Asia (e.g. in Borneo and
Sarawak) represent the front line of such concerns.

Countries that allow unchecked clearances are de-
feating the very conditions that give them a develop-
mental advantage – and creating opportunities for the
promotion of global scandals such as the fear that the
habitat of apes such as the orangutan are being threat-
ened. And if developed countries can be given an
excuse to block imports of biodiesel from tropical
countries on the grounds that it is derived from mass
clearance of rainforest, then clearly the whole bio-
diesel enterprise is imperiled.

4. Biofuels’ potential to reduce fuel import bills and
fossil fuel dependence

For a developing country, it is all the more perverse
to neglect the biofuel option while imports of oil are
placing an ever-increasing burden on the country’s
balance of payments. Brazil has estimated the sav-
ings on its fuel import bills since the launch of the
Proalcool program to be of the order of $50 billion
per year – which is far larger than the country has
spent in promoting ethanol. Likewise the savings for
China and India in foregone oil imports will be of the
order of hundreds of billions of dollars – the differ-
ence between success and catastrophe in their devel-
opment efforts. Since indebtedness problems are a
major barrier to industrialization, the relief of debt
through displacement of fossil fuel imports repre-
sents a major strategic shift. China’s own domestic
supplies of oil peaked in the early 1990s, and so the
country became dependent on oil imports – just like
the USA 20 years before. The imports of oil needed
by China have been rising inexorably ever since – as

revealed in Chart 6. The situation is even worse in
India, as shown in Table 2, where imports are ex-
pected to reach 75% of the country’s requirements by
2005. This is why an alternative solution has to be
put in place by these countries.

5. Biofuels production is a rural industry and can
promote social inclusion

Brazil sees biofuels production as a way to promote
rural industry and to curb the flight to the cities from
the countryside. Biodiesel produced from castor
beans in Brazil’s arid northeast sertão, for example,
is promoted not just for the biodiesel but also for the
fact that it creates thousands of jobs in this otherwise
impoverished region. Promotion is through fiscal
incentives, such as tax breaks offered to families pro-
ducing the raw materials needed for biodiesel pro-
duction. The more the production of castor beans for
biodiesel and sugar cane for ethanol production
spreads, the greater are the rural employment gener-
ating possibilities, which help to curb migration to
the big cities. In India the production of biodiesel
from Jatropha is also explicitly promoted as a rural
industry capable of generating village-based enter-
prises and local employment. Indian national firms
like Reliance Industries, already a player in the oil
business, are now moving into production of bio-
diesel from plantations established in Andhra
Pradesh.

6. Countries with even low levels of science and
technology can get a start in biofuels – and go on to
build biofuel ‘development blocs’

Biofuels in tropical countries can be grown with
scarcely more input than seed, land, sunshine – and
labor. If the country has a comparative advantage in
low costs, then it can start at a low level of sophisti-
cation – and move up from there. Brazil is demon-
strating how this can be done, through its ethanol
program involving sugar cane, and now its biodiesel
program involving vegetable oil seeds such as castor
and soybean crops. In the words of the country’s
president, Luiz Inacio Lula da Silva (‘Lula’) this pro-
gram had by July 2006 already generated 100,000
new jobs in growing soybeans and other oil crops in
the NorthEast of Brazil. The president made the
claim that the biodiesel program has been designed
as much with social goals as with fuel supply goals.
The point is that a country in Africa can emulate this
example, and devote large tracts of land to fuel crop
production. Domestic consumption can provide an
initial market, since the fuel produced can displace
expensive oil imports. As sophistication is acquired,
and export markets are opened up, so the agricultural
practices can be improved, and advanced distillation
systems installed, and technological knowhow in the
country can be enhanced. This will then have spill-
over effects in other sectors.

A Biofuels Manifesto [John Mathews]

Chart 6. China’s oil production and consumption, 1980-2005
Source: personally elaborated

year
production

(Mt)
import

(Mt)
total
(Mt)

import as %
of total

import value
(USD billion)

1971 6.8 11.7 18.5 63% 0.024

1981 10.5 16.2 26.7 61% 0.744

1991 33.0 20.7 53.7 39% 1.360

2004-2005 (forecast) 33.4 100.0 133.4 75% 27.000

2000 32.0 57.9 89.9 64% 6.821

2003-2004 33.4 90.4 123.8 73% 18.000

Table 2. Production and import of crude oil in India
Source: Ministry of Petroleum and Natural Gas, India
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As a biofuel industry becomes established, so it will
drive industrial development through linkages and
complementarities. Biofuels and renewable energies
sector promises to play the role of a critical
‘development bloc’ for Brazil, India and China in the
first instance, and for wider swathes of developing
countries through the tropics more generally. The
category of development bloc was introduced and
defined by the Swedish development economist, Erik
Dahmén in 1950, based on his studies of entrepre-
neurship in the Swedish economy. He defined it as
“sequences of complementarities which by way of a
series of structural tensions, i.e. disequilibria, may
result in a balanced situation” (1989: 111). Such a
suprafirm system provides a striking description of
how firms may collectively strategize in the context
of a disequilibrium economy, and build on each oth-
ers’ efforts to improve their own prospects. Carlsson
and Eliasson (2003) have taken up the concept and
renamed it competence bloc – to emphasize that such
a collective capability is needed to support and sus-
tain technological innovation. If the technological
system represents the supply side of industrial dy-
namics, then the development bloc or competence
bloc represents the demand side. The competence
bloc captures the notion that if new technologies are
to be taken up, or absorbed, then firms must have the
requisite capabilities, and the product ranges, to be
able to make use of the technologies. It is the block-
ages due to such inadequacies and bottlenecks that
accounts for poor uptake of new technologies, rather
than unwillingness or conservatism on the part of
managements. Thus a development bloc represents
the systemic counterpart to the consideration of mar-
ket demand as well as supplier competence in the
microdynamics of technological trajectories. It gener-
ates the forward and backward linkages that can
drive industrial development.

7. Biofuels are greenhouse gas neutral and can
earn countries carbon credits

Biofuels like ethanol are greenhouse gas neutral, in
the sense that every carbon atom burned is simply
replacing a carbon atom taken by the plant during
photosynthesis. This is by far their most appealing
feature from a long-term environmental perspective.

Of course this neutrality has to be qualified by the
fact that fossil fuels are consumed along the value
chain producing the ethanol – but again much of the
concern that is voiced on this issue emanates from a
developed country perspective and is much less rele-
vant in a developing country. For example the Wash-
ington Post ran a story in July 2006 captioned “The
false hope of biofuels” in which the main charge was
that the energy gain is little after deducting amounts
involved in fertilizer, harvesting, transport, process-
ing etc. These considerations change dramatically
when considered in the context of a low-cost devel-
oping country, where input resources including land
and sunshine are abundant. The greenhouse gas emis-
sion abatements can then serve to generate carbon
credits under the Kyoto protocol.

But again indiscriminate clearance of forest to plant
energy crops defeats the gains in greenhouse gas
emissions that are potentially there for the taking. It
is to curb such behavior and hold governments to a
standard of accountability that is one of the principal
arguments for global institutions like the World Bank
to become more directly involved in promotion (and
to some extent regulation) of the development of
biofuels.

8. Developing countries can create their own dis-
tinctive latecomer institutional innovations to cap-
ture benefits

Brazil had to do it the hard way – but having accom-
plished a successful biofuels industry, it shows other
countries how it can be done. In the 1970s it suffered
under a military dictatorship, but out of that experi-
ence came an understanding as to how the country
could benefit from its comparative advantages in
sugar cane growing and processing, turning these
into competitive advantages. In the most recent pe-
riod, Brazil has seen its use of biofuels leap ahead
under the twin impact of FFVs (flex-fuel vehicles)
and the mandated provision by fuel companies of
ethanol blends (from E25 to E85) all across the coun-
try.

Other developing countries can learn from this exam-
ple, without having to go through all the painful epi-

sodes of Brazil’s history of the past 40 years. They
can accelerate their uptake of biofuels, with all the
advantages that this can bring (in terms of energy
security, savings from oil imports avoided, rural de-
velopment and cleaner city air), to create new and
vibrant export industries, simply through the double
expedient of:

1) mandating supply of flex-fuel vehicles
(directed at the automotive industry); and

2) mandating provision of ethanol-petrol blends
(starting with E10 and moving to E25) within
a few years.

It is predictable, based on Brazil’s experience, that
these two measures will have the desired effect of
putting the developing country on a new energy tra-
jectory, leading away from dependence on fossil fu-
els. The billionaire venture capitalist, Vinod Khosla,
has proposed these two measures as being sufficient
to take the US similarly onto an ethanol-based new
energy trajectory. He adds, for good measure, a third,
namely a “contingent tax” which comes into play
only if the price of oil drops below $40 a barrel. Kho-
sla adds this third provision in the full knowledge
that in some parts of the world, the oil industry giants
might try to undermine an ethanol program by drasti-
cally lowering oil prices, even to below cost (think of
Enron and the manipulation of the California electric-
ity market). The contingent tax would be a way of
guaranteeing a floor price for fuels for investors in
ethanol production and distribution systems, and thus
a way of ensuring that finance will be made available
for such ventures.

The key: demand-side initiatives

So much of the discussion of the past decade on re-
newable fuels has been driven by supply-side consid-
erations – namely costs and technologies. But the key
to getting these new industries off the ground – as in
every successful case of deliberate industry creation
– is to influence demand – in this case, the demand
from the automotive industry for cars that run on
ethanol blends, and demand from the motoring public
for such ethanol blends.

As noted above, the key to the Brazilian success has
been an institutional innovation riding on the back of
a simple technological innovation. The key is flex-
fuel vehicles, introduced in Brazil in 2003 and whose
sales have increased dramatically since, by 585% in
2005, so that the share of flex-fuel vehicles (FFVs) in
the total vehicle fleet reached 22% in 2004, and is
expected to reach 60% in 2006.

So any developing country today can benefit from
this experience, and move to establish a biofuels in-
dustry with relative certainty as to the outcomes. The
key is to start with ethanol blends (‘gasohol’) rather
than seeking to jump straight into pure ethanol or
other biofuels, and to do so at a measured pace,
building demand for the ethanol blend by drawing
the automotive sector and oil sector along with the
program. The three steps advocated by Khosla are
probably sufficient to get any developing country
onto an alternative biofuel trajectory. But this
unleashes a chain reaction of processes that make the
trajectory sustainable and fuel the country’s further
industrial development.

The institutions established to drive the uptake of
biofuels will likely have a knock-on effect, facilitat-
ing the appearance of other industrial sectors, formed
initially as support sectors for the biofuel industry.
Good institutions develop during an economic activ-
ity. When a committed government engages in a part-
nership with a proactive private sector, they jointly
begin to design and implement appropriate institu-
tions. So while institutions are the key, the causation
may be from the start of an activity in response to a
government trigger (tax break for example), to the
unfolding of institutions that help to trouble shoot as
the process rolls along. Of course, the process will be
highly inefficient in the beginning, as countries learn
to make these institutions work more effectively.
This is best illustrated in Brazil’s own follow-up to
the ethanol program, namely its Biodiesel program.

Brazil’s biodiesel program – a successful late-
comer strategy

This latest biofuel initiative from Brazil shows just
what can be achieved by a developing country that

A Biofuels Manifesto [John Mathews]
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As a biofuel industry becomes established, so it will
drive industrial development through linkages and
complementarities. Biofuels and renewable energies
sector promises to play the role of a critical
‘development bloc’ for Brazil, India and China in the
first instance, and for wider swathes of developing
countries through the tropics more generally. The
category of development bloc was introduced and
defined by the Swedish development economist, Erik
Dahmén in 1950, based on his studies of entrepre-
neurship in the Swedish economy. He defined it as
“sequences of complementarities which by way of a
series of structural tensions, i.e. disequilibria, may
result in a balanced situation” (1989: 111). Such a
suprafirm system provides a striking description of
how firms may collectively strategize in the context
of a disequilibrium economy, and build on each oth-
ers’ efforts to improve their own prospects. Carlsson
and Eliasson (2003) have taken up the concept and
renamed it competence bloc – to emphasize that such
a collective capability is needed to support and sus-
tain technological innovation. If the technological
system represents the supply side of industrial dy-
namics, then the development bloc or competence
bloc represents the demand side. The competence
bloc captures the notion that if new technologies are
to be taken up, or absorbed, then firms must have the
requisite capabilities, and the product ranges, to be
able to make use of the technologies. It is the block-
ages due to such inadequacies and bottlenecks that
accounts for poor uptake of new technologies, rather
than unwillingness or conservatism on the part of
managements. Thus a development bloc represents
the systemic counterpart to the consideration of mar-
ket demand as well as supplier competence in the
microdynamics of technological trajectories. It gener-
ates the forward and backward linkages that can
drive industrial development.

7. Biofuels are greenhouse gas neutral and can
earn countries carbon credits

Biofuels like ethanol are greenhouse gas neutral, in
the sense that every carbon atom burned is simply
replacing a carbon atom taken by the plant during
photosynthesis. This is by far their most appealing
feature from a long-term environmental perspective.

Of course this neutrality has to be qualified by the
fact that fossil fuels are consumed along the value
chain producing the ethanol – but again much of the
concern that is voiced on this issue emanates from a
developed country perspective and is much less rele-
vant in a developing country. For example the Wash-
ington Post ran a story in July 2006 captioned “The
false hope of biofuels” in which the main charge was
that the energy gain is little after deducting amounts
involved in fertilizer, harvesting, transport, process-
ing etc. These considerations change dramatically
when considered in the context of a low-cost devel-
oping country, where input resources including land
and sunshine are abundant. The greenhouse gas emis-
sion abatements can then serve to generate carbon
credits under the Kyoto protocol.

But again indiscriminate clearance of forest to plant
energy crops defeats the gains in greenhouse gas
emissions that are potentially there for the taking. It
is to curb such behavior and hold governments to a
standard of accountability that is one of the principal
arguments for global institutions like the World Bank
to become more directly involved in promotion (and
to some extent regulation) of the development of
biofuels.

8. Developing countries can create their own dis-
tinctive latecomer institutional innovations to cap-
ture benefits

Brazil had to do it the hard way – but having accom-
plished a successful biofuels industry, it shows other
countries how it can be done. In the 1970s it suffered
under a military dictatorship, but out of that experi-
ence came an understanding as to how the country
could benefit from its comparative advantages in
sugar cane growing and processing, turning these
into competitive advantages. In the most recent pe-
riod, Brazil has seen its use of biofuels leap ahead
under the twin impact of FFVs (flex-fuel vehicles)
and the mandated provision by fuel companies of
ethanol blends (from E25 to E85) all across the coun-
try.

Other developing countries can learn from this exam-
ple, without having to go through all the painful epi-

sodes of Brazil’s history of the past 40 years. They
can accelerate their uptake of biofuels, with all the
advantages that this can bring (in terms of energy
security, savings from oil imports avoided, rural de-
velopment and cleaner city air), to create new and
vibrant export industries, simply through the double
expedient of:

1) mandating supply of flex-fuel vehicles
(directed at the automotive industry); and

2) mandating provision of ethanol-petrol blends
(starting with E10 and moving to E25) within
a few years.

It is predictable, based on Brazil’s experience, that
these two measures will have the desired effect of
putting the developing country on a new energy tra-
jectory, leading away from dependence on fossil fu-
els. The billionaire venture capitalist, Vinod Khosla,
has proposed these two measures as being sufficient
to take the US similarly onto an ethanol-based new
energy trajectory. He adds, for good measure, a third,
namely a “contingent tax” which comes into play
only if the price of oil drops below $40 a barrel. Kho-
sla adds this third provision in the full knowledge
that in some parts of the world, the oil industry giants
might try to undermine an ethanol program by drasti-
cally lowering oil prices, even to below cost (think of
Enron and the manipulation of the California electric-
ity market). The contingent tax would be a way of
guaranteeing a floor price for fuels for investors in
ethanol production and distribution systems, and thus
a way of ensuring that finance will be made available
for such ventures.

The key: demand-side initiatives

So much of the discussion of the past decade on re-
newable fuels has been driven by supply-side consid-
erations – namely costs and technologies. But the key
to getting these new industries off the ground – as in
every successful case of deliberate industry creation
– is to influence demand – in this case, the demand
from the automotive industry for cars that run on
ethanol blends, and demand from the motoring public
for such ethanol blends.

As noted above, the key to the Brazilian success has
been an institutional innovation riding on the back of
a simple technological innovation. The key is flex-
fuel vehicles, introduced in Brazil in 2003 and whose
sales have increased dramatically since, by 585% in
2005, so that the share of flex-fuel vehicles (FFVs) in
the total vehicle fleet reached 22% in 2004, and is
expected to reach 60% in 2006.

So any developing country today can benefit from
this experience, and move to establish a biofuels in-
dustry with relative certainty as to the outcomes. The
key is to start with ethanol blends (‘gasohol’) rather
than seeking to jump straight into pure ethanol or
other biofuels, and to do so at a measured pace,
building demand for the ethanol blend by drawing
the automotive sector and oil sector along with the
program. The three steps advocated by Khosla are
probably sufficient to get any developing country
onto an alternative biofuel trajectory. But this
unleashes a chain reaction of processes that make the
trajectory sustainable and fuel the country’s further
industrial development.

The institutions established to drive the uptake of
biofuels will likely have a knock-on effect, facilitat-
ing the appearance of other industrial sectors, formed
initially as support sectors for the biofuel industry.
Good institutions develop during an economic activ-
ity. When a committed government engages in a part-
nership with a proactive private sector, they jointly
begin to design and implement appropriate institu-
tions. So while institutions are the key, the causation
may be from the start of an activity in response to a
government trigger (tax break for example), to the
unfolding of institutions that help to trouble shoot as
the process rolls along. Of course, the process will be
highly inefficient in the beginning, as countries learn
to make these institutions work more effectively.
This is best illustrated in Brazil’s own follow-up to
the ethanol program, namely its Biodiesel program.

Brazil’s biodiesel program – a successful late-
comer strategy

This latest biofuel initiative from Brazil shows just
what can be achieved by a developing country that
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focuses its institutional innovations on capturing its
latecomer effects. The Brazilian biodiesel program,
which is now just 18 months old, is just phenome-
nally well crafted and executed. We can identify at
least four latecomer institutional features to the pro-
gram that have not been widely recognized.

First, it is a carefully incremental program, moving
through three phases that have been widely discussed
in Brazil - a first, voluntary phase, bringing the coun-
try up to a level of 2% biodiesel when blended
(following the example of the Proalcool Program).
By 2008 this 2% minimum becomes mandatory, and
rises to 5% minimum blend by 2013. (Although the
success of the program in its first 18 months means
that it is widely anticipated that the mandatory 5%
blend (B5) will take effect at an earlier date, possibly
as early as 2010.) Thus the country as a whole is be-
ing brought to a position where by 2013 at the latest
(and possibly as early as 2010) it will be producing
5% of all diesel requirements from vegetable oils,
making it the world #1 by far. The program is over-
seen by the Ministry of Mines and Energy.

Secondly, the capacity of the country is being ramped
up in the initial, voluntary stage, by the smart expedi-
ent of staging national auctions for biodiesel. Four
such auctions have been staged so far, by the ANP,
the motor fuel standards agency. These auctions have
encouraged bids from potential suppliers who are
thereby induced into the market. The auctions have
also served as a means of setting guideline prices for
biodiesel, with each auction setting a lower price at
which quantities of biodiesel are sold. The state-
owned oil company, Petrobras, acts as the buyer of
last resort, thereby ensuring that the auctions bear
some relationship to market reality.

Third, there is a distinct and explicit social goal to the
biodiesel program - again, learning from the experi-
ence of the pro-alcohol program. The Ministry of
Agrarian Development (which is pro-small farmers)
has shaped the biodiesel program with its 'seal of
social responsibility' meaning that small farmers have
to contribute over 50% to a large trader's or distribu-
tor's biodiesel. It is only with such a seal that large
companies receive tax credits and are allowed to bid

at the auctions. The impact has been dramatic, even
in just 18 months. The President, Lula, who backs
this program as the central initiative of his presi-
dency, claims that 100,000 jobs have been created in
Brazil's impoverished NorthEast through growing
oilseeds (mainly castor oil). This is backed by data
from the Ministry (MDA) showing that since the
launch of the program, just over 200,000 small fam-
ily-owned farms have been induced into growing
oilseeds. Moreover the favored oilseeds are castor
oilseed (Port: Manona) and palm oil (from a variety
of native Brazilian species), rather than soybeans that
are grown in the centre and southeast of the country.
(This is in addition to the 500,000 rural jobs main-
tained by the Proalcool Program, plus the 500,000
jobs indirectly linked to rural alcohol production.)

Fourth, Brazil is backing a wide variety of oilseeds in
these early stages of the program, to see which ones
turn out to be best in a tropical country (and bearing
in mind that European experience is confined exclu-
sively to rapeseed and US experience to soybean).
Certainly output is currently dominated by soybean
and palm-oil, but cottonseed and castor oil are also
picking up, under the influence of the MDA's social
inclusion or rural smallholder development strate-
gies. New candidates are coming on to the scene,
such as the wonder oilseed Jatropha curcus, widely
utilized for biodiesel in India (it grows under harsh
conditions; it is a perennial that can be harvested
regularly; and above all it is inedible, meaning that
its cultivation will never be seen as a threat to food
supplies). There are as well conventional but under-
utilized sources such as beef tallow, obtained from
slaughterhouses. The broader Brazil's scope of oil-
seed culture, the more it is able to take advantage of
changes in world prices for these vegetable oil com-
modities, switching between one and the other. Thus
it is a smart latecomer strategy to invest in variety at
this early stage of the biodiesel industry.

Note that these four central features of the program
are driven by four Ministries, all in the pursuit of
highly creative latecomer strategies - the Ministry of
Mines and Energy, backing renewable energies gen-
erally; the ANP, to safeguard standards and conduct
the auctions; the MDA, which is essentially launch-

ing a new land reform program with the biodiesel
projects, in its direct appeal to 'social inclusion' as a
national goal of the program; and the Ministry of
Agriculture, which is promoting a wide variety of
oilseed crops and not just soybean. The success of
the program to date indicates also successful collabo-
ration between these four ministries.

9. Biofuels promote South-South cooperation

Brazil, India and China are already leading the world
in the extent and depth of their cross-linkages driven
by biofuels. These are all important examples of
South-South cooperation. Amongst agreements re-
ported recently, consider:

 India’s largest sugar corporation Bajaj Hindu-
stan Ltd (BHL), announced in June 2006 that
it was looking to invest somewhere between
US$250 and 500 million in a Brazilian ethanol
production facility, raising the company’s
industrial alcohol capacity from 320 ML to
800 ML. This is just one of several India-
Brazilian cooperation initiatives.

 A Chinese investment delegation visited Bra-
zil in July 2006, specifically in the inland
Goias state, to discuss ethanol and soybean-
based biodiesel projects – the latest in a series
of such visits. China’s Kuok, a diversified
conglomerate, has a JV with Cosan, Brazil’s
largest ethanol producer (operating 16 distilla-
tion plants).

 In July 2006 the Brazilian equipment maker
Dedini SA Industrias de Base sold a complete
ethanol plant with a capacity to produce 8.5
ML of ethanol a year to Venezuela’s state-
owned oil firm Petroleos de Venezuela SA
(PDVSA). The plant, to be set up in Tocuyo,
will produce ethanol from molasses. Vene-
zuela reported that it is currently experiment-
ing with E-10 blends in the eastern part of the
country, importing 1,000 barrels a day from
Brazil.

 Strong ties are being established between Bra-
zilian and African countries through the
Biopact established between European and
African countries. Much of this cooperation

will take the form of technology assistance
from Brazil to African countries, particularly
those which share its Portuguese heritage such
as Angola and Mozambique.

 Likewise ties are being established across
Central America. For example, Jamaica an-
nounced in May 2006 that it would receive a
US$100 million loan facility from Brazil to be
used for purchase machinery and agricultural
equipment to overhaul the country's sugar
industry and to produce ethanol, official
sources said. The Jamaican government re-
vealed plans to introduce E-15 blends within
the next five years, in imitation of the Brazil-
ian success.

 Malaysia and Indonesia, world numbers #1
and 2 in the world in palm oil production,
announced an agreement in July 2006 in
which 40 percent of their crude palm oil out-
put would be dedicated to the biodiesel indus-
try. "Both countries agreed to commit a tar-
geted amount of six million tons of crude
palm oil each annually as feedstock for the
production of biofuels and biodiesel," the
Plantation Industries and Commodities minis-
try said in a statement.

These South-South investment tie-ups and joint ven-
tures have a number of strategic advantages. They are
taking place in advance of such JVs being put in
place by the advanced countries. They facilitate the
diffusion and uptake of ethanol and biodiesel tech-
nologies by developing countries in tropical parts of
the world, independent of its uptake by the developed
world. It encourages the formation of a global market
for bioethanol and eventually biodiesel, which will
make it harder for countries such as the US to defend
its current tariff imposed against Brazilian ethanol
imports. Development agencies such as UNCTAD
can promote South-South investment, one of its ma-
jor strategic goals, through support for biofuels.

Because Brazil, India and China have moved so far
ahead, they are now in a position to engage in South-
South transfers of technology from the BICs to other
countries for the development of the biofuels indus-
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focuses its institutional innovations on capturing its
latecomer effects. The Brazilian biodiesel program,
which is now just 18 months old, is just phenome-
nally well crafted and executed. We can identify at
least four latecomer institutional features to the pro-
gram that have not been widely recognized.

First, it is a carefully incremental program, moving
through three phases that have been widely discussed
in Brazil - a first, voluntary phase, bringing the coun-
try up to a level of 2% biodiesel when blended
(following the example of the Proalcool Program).
By 2008 this 2% minimum becomes mandatory, and
rises to 5% minimum blend by 2013. (Although the
success of the program in its first 18 months means
that it is widely anticipated that the mandatory 5%
blend (B5) will take effect at an earlier date, possibly
as early as 2010.) Thus the country as a whole is be-
ing brought to a position where by 2013 at the latest
(and possibly as early as 2010) it will be producing
5% of all diesel requirements from vegetable oils,
making it the world #1 by far. The program is over-
seen by the Ministry of Mines and Energy.

Secondly, the capacity of the country is being ramped
up in the initial, voluntary stage, by the smart expedi-
ent of staging national auctions for biodiesel. Four
such auctions have been staged so far, by the ANP,
the motor fuel standards agency. These auctions have
encouraged bids from potential suppliers who are
thereby induced into the market. The auctions have
also served as a means of setting guideline prices for
biodiesel, with each auction setting a lower price at
which quantities of biodiesel are sold. The state-
owned oil company, Petrobras, acts as the buyer of
last resort, thereby ensuring that the auctions bear
some relationship to market reality.

Third, there is a distinct and explicit social goal to the
biodiesel program - again, learning from the experi-
ence of the pro-alcohol program. The Ministry of
Agrarian Development (which is pro-small farmers)
has shaped the biodiesel program with its 'seal of
social responsibility' meaning that small farmers have
to contribute over 50% to a large trader's or distribu-
tor's biodiesel. It is only with such a seal that large
companies receive tax credits and are allowed to bid

at the auctions. The impact has been dramatic, even
in just 18 months. The President, Lula, who backs
this program as the central initiative of his presi-
dency, claims that 100,000 jobs have been created in
Brazil's impoverished NorthEast through growing
oilseeds (mainly castor oil). This is backed by data
from the Ministry (MDA) showing that since the
launch of the program, just over 200,000 small fam-
ily-owned farms have been induced into growing
oilseeds. Moreover the favored oilseeds are castor
oilseed (Port: Manona) and palm oil (from a variety
of native Brazilian species), rather than soybeans that
are grown in the centre and southeast of the country.
(This is in addition to the 500,000 rural jobs main-
tained by the Proalcool Program, plus the 500,000
jobs indirectly linked to rural alcohol production.)

Fourth, Brazil is backing a wide variety of oilseeds in
these early stages of the program, to see which ones
turn out to be best in a tropical country (and bearing
in mind that European experience is confined exclu-
sively to rapeseed and US experience to soybean).
Certainly output is currently dominated by soybean
and palm-oil, but cottonseed and castor oil are also
picking up, under the influence of the MDA's social
inclusion or rural smallholder development strate-
gies. New candidates are coming on to the scene,
such as the wonder oilseed Jatropha curcus, widely
utilized for biodiesel in India (it grows under harsh
conditions; it is a perennial that can be harvested
regularly; and above all it is inedible, meaning that
its cultivation will never be seen as a threat to food
supplies). There are as well conventional but under-
utilized sources such as beef tallow, obtained from
slaughterhouses. The broader Brazil's scope of oil-
seed culture, the more it is able to take advantage of
changes in world prices for these vegetable oil com-
modities, switching between one and the other. Thus
it is a smart latecomer strategy to invest in variety at
this early stage of the biodiesel industry.

Note that these four central features of the program
are driven by four Ministries, all in the pursuit of
highly creative latecomer strategies - the Ministry of
Mines and Energy, backing renewable energies gen-
erally; the ANP, to safeguard standards and conduct
the auctions; the MDA, which is essentially launch-

ing a new land reform program with the biodiesel
projects, in its direct appeal to 'social inclusion' as a
national goal of the program; and the Ministry of
Agriculture, which is promoting a wide variety of
oilseed crops and not just soybean. The success of
the program to date indicates also successful collabo-
ration between these four ministries.

9. Biofuels promote South-South cooperation

Brazil, India and China are already leading the world
in the extent and depth of their cross-linkages driven
by biofuels. These are all important examples of
South-South cooperation. Amongst agreements re-
ported recently, consider:

 India’s largest sugar corporation Bajaj Hindu-
stan Ltd (BHL), announced in June 2006 that
it was looking to invest somewhere between
US$250 and 500 million in a Brazilian ethanol
production facility, raising the company’s
industrial alcohol capacity from 320 ML to
800 ML. This is just one of several India-
Brazilian cooperation initiatives.

 A Chinese investment delegation visited Bra-
zil in July 2006, specifically in the inland
Goias state, to discuss ethanol and soybean-
based biodiesel projects – the latest in a series
of such visits. China’s Kuok, a diversified
conglomerate, has a JV with Cosan, Brazil’s
largest ethanol producer (operating 16 distilla-
tion plants).

 In July 2006 the Brazilian equipment maker
Dedini SA Industrias de Base sold a complete
ethanol plant with a capacity to produce 8.5
ML of ethanol a year to Venezuela’s state-
owned oil firm Petroleos de Venezuela SA
(PDVSA). The plant, to be set up in Tocuyo,
will produce ethanol from molasses. Vene-
zuela reported that it is currently experiment-
ing with E-10 blends in the eastern part of the
country, importing 1,000 barrels a day from
Brazil.

 Strong ties are being established between Bra-
zilian and African countries through the
Biopact established between European and
African countries. Much of this cooperation

will take the form of technology assistance
from Brazil to African countries, particularly
those which share its Portuguese heritage such
as Angola and Mozambique.

 Likewise ties are being established across
Central America. For example, Jamaica an-
nounced in May 2006 that it would receive a
US$100 million loan facility from Brazil to be
used for purchase machinery and agricultural
equipment to overhaul the country's sugar
industry and to produce ethanol, official
sources said. The Jamaican government re-
vealed plans to introduce E-15 blends within
the next five years, in imitation of the Brazil-
ian success.

 Malaysia and Indonesia, world numbers #1
and 2 in the world in palm oil production,
announced an agreement in July 2006 in
which 40 percent of their crude palm oil out-
put would be dedicated to the biodiesel indus-
try. "Both countries agreed to commit a tar-
geted amount of six million tons of crude
palm oil each annually as feedstock for the
production of biofuels and biodiesel," the
Plantation Industries and Commodities minis-
try said in a statement.

These South-South investment tie-ups and joint ven-
tures have a number of strategic advantages. They are
taking place in advance of such JVs being put in
place by the advanced countries. They facilitate the
diffusion and uptake of ethanol and biodiesel tech-
nologies by developing countries in tropical parts of
the world, independent of its uptake by the developed
world. It encourages the formation of a global market
for bioethanol and eventually biodiesel, which will
make it harder for countries such as the US to defend
its current tariff imposed against Brazilian ethanol
imports. Development agencies such as UNCTAD
can promote South-South investment, one of its ma-
jor strategic goals, through support for biofuels.

Because Brazil, India and China have moved so far
ahead, they are now in a position to engage in South-
South transfers of technology from the BICs to other
countries for the development of the biofuels indus-
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try, a phenomenon that has not taken off in technol-
ogy adaptation thus far. This should be particularly
appealing for countries that have strong agricultural
sectors but weak industrial sectors.

10. Biofuels represent simply the first step on a
clean technology development trajectory

Finally, the point needs to be made that biofuels are
not an end in themselves, and will necessarily lead a
country along a trajectory that will involve many
more biofuels innovations and clean technologies.
Brazil for example started with ethanol, and now
since 2005 it has launched a biodiesel program that
promises to rapidly take the country to world leader-
ship in biodiesel. All developing countries can expect
to pass through the same two phases, probably in
more concentrated form. Within the next decade, a
third phase can be expected to become significant,
namely the use of biomass generally (such as through
forest plantations, or municipal waste) as feedstock
for general bioreactors. This phase will depend on the
development of enzyme packages that are currently
in the test stage in R&D companies such as Iogen.
But it is highly likely that this stage will be acceler-
ated through innovations developed in Brazil, India
and China, given their track record.

The time for the developing countries to make their
mark as leaders in biofuels may well be limited by

looming technological developments. There are inno-
vations pending such as the design of synthetic bacte-
ria optimized for the production of ethanol, to be
grown in bioreactors located next to power stations
and fed carbon dioxide as raw material. If such de-
velopments come to pass, they will impose crushing
technological competition on the cultivation of en-
ergy crops by developing countries. Hence the ur-
gency of these deliberations.

Will the developed world allow a global bio-
fuels market to emerge?

This is the biggest issue of all. Already there is sub-
stantial momentum behind the enactment of subsidies
to encourage production of ethanol in northern tem-
perate climates – from corn in the US and from sugar
beet in Northern Europe – where the costs of produc-
ing the final product are far higher (two to three
times) than in India or Brazil. It would make so much
more sense for the developed world to produce etha-
nol on a small scale for their own energy security,
and import the bulk of their supplies from tropical
countries in Asia, Africa and Central and South
America. The US, for example, operates a tariff of
$0.54c per gallon against ethanol imports, at the be-
hest of corn-belt ethanol producers, in addition to the
substantial subsidies paid by state and federal gov-

ernment programs and tax breaks offered to these
producers. Despite this, US imports of ethanol have
increased dramatically in the last two years, as re-
vealed in Chart 7.

The more that South-South cooperation occurs in the
biofuel sector, the more it will help to create a global
market for biofuels, initially ethanol, which will
come to be seen (sooner rather than later) as a com-
plement to and alternative for the global market for
oil. The South-South cooperation would be unob-
structed by protective tariffs raised by the developed
world against the countries of the South. Here the
WTO has an enormously important role to play, in
ensuring that the coming biofuels century is not
wrecked at the outset by greedy and short-sighted
protectionist measures enacted by the developed
world to obstruct global trade in biofuels.

Why priority #1?

Building a development pathway around biofuels has
the potential to unlock a chain reaction of favorable
activities -- creating in the first place a successful
national and export industry; promoting a space for
local entrepreneurship and particularly rural entrepre-
neurship; creating an advanced science and technol-
ogy-based industry that will create an incentive to
stay abreast of technological developments in biofu-
els and bioreactors generally; demonstrating the sig-
nificance of government policy in creating the right
conditions for the industry to develop; and breaking
down resistance to other renewable energy industries,
like solar and wind -- thus getting a country onto a
development trajectory independent of fossil fuels.

What enables the BICs to move on the biofuels fron-
tier is the presence of superior skills - not just any -
but scientific and engineering. Without investments
in these, firms cannot even apply superior farm tech-
nologies, let alone cultivate crops for biofuels. Thus
biofuels provide an excellent starting point for a pro-
gram of industrialization for most countries looking
to make a start in technological adaptation and learn-
ing-based development – which applies to almost all

the tropical countries today. They can seize their ad-
vantage in being able to cultivate fast-growing biofu-
els crops – but only if they are able to apply ad-
vanced scientific agriculture and utilize the most effi-
cient power conversion processes in ethanol and bio-
fuel production – technologies available to them as
latecomers, e.g. through South-South investment and
cooperation.

The key that unlocks the potential of renewable en-
ergy sources for development is – as discovered by
Brazil – flex-fuel vehicles. It works like this. Flexfuel
vehicles give motorists a choice – fill up with ethanol
or with petrol, depending on the price and personal
preference. This choice engenders confidence, and
overcomes any lingering doubts about ethanol. This
builds consumer demand for ethanol, so bringing
competition to the petrol forecourt. The oil compa-
nies can swim with the tide, and supply ethanol
themselves, or they can go against it, and allow inde-
pendents to supply the ethanol that motorists de-
mand. Either way, an ethanol market is created. This
then leads to realistic policies for supplying ethanol –
either through imports (probably from Brazil) or
through local production that gets a kickstart man-
dated by popular demand. In the tropical parts of the
world, such as India or Thailand, there will be sugar-
cane and starch-rich plants such as cassava providing
the feedstocks. In more temperate climates, it will be
grains such as wheat, sorghum, corn and new varie-
ties not yet seriously tested, such as sweet sorghum.
The bioreactors built will be at the leading edge of
technology, to capture latecomer advantages. They
will be flexible, taking a variety of feedstocks and
producing a variety of outputs, not just ethanol but
also distillers’ grains for animal feed, as well as plant
wastes that can be fired to produce electric power for
the bioreactors that will be collocated next to the
grain or corn or cane fields. Entrepreneurial initia-
tives to produce ethanol and methanol from cellulose
(woody and fibrous biomass) would be forthcoming,
so that alcohol supplies could be produced on a scale
that could provide a genuine alternative to oil and to
fossil fuels more generally.

Governments can mandate these changes, by simply
requiring that all new vehicles meet flex-fuel stan-
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for general bioreactors. This phase will depend on the
development of enzyme packages that are currently
in the test stage in R&D companies such as Iogen.
But it is highly likely that this stage will be acceler-
ated through innovations developed in Brazil, India
and China, given their track record.

The time for the developing countries to make their
mark as leaders in biofuels may well be limited by
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vations pending such as the design of synthetic bacte-
ria optimized for the production of ethanol, to be
grown in bioreactors located next to power stations
and fed carbon dioxide as raw material. If such de-
velopments come to pass, they will impose crushing
technological competition on the cultivation of en-
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gency of these deliberations.
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to encourage production of ethanol in northern tem-
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beet in Northern Europe – where the costs of produc-
ing the final product are far higher (two to three
times) than in India or Brazil. It would make so much
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nol on a small scale for their own energy security,
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$0.54c per gallon against ethanol imports, at the be-
hest of corn-belt ethanol producers, in addition to the
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world to obstruct global trade in biofuels.

Why priority #1?
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local entrepreneurship and particularly rural entrepre-
neurship; creating an advanced science and technol-
ogy-based industry that will create an incentive to
stay abreast of technological developments in biofu-
els and bioreactors generally; demonstrating the sig-
nificance of government policy in creating the right
conditions for the industry to develop; and breaking
down resistance to other renewable energy industries,
like solar and wind -- thus getting a country onto a
development trajectory independent of fossil fuels.

What enables the BICs to move on the biofuels fron-
tier is the presence of superior skills - not just any -
but scientific and engineering. Without investments
in these, firms cannot even apply superior farm tech-
nologies, let alone cultivate crops for biofuels. Thus
biofuels provide an excellent starting point for a pro-
gram of industrialization for most countries looking
to make a start in technological adaptation and learn-
ing-based development – which applies to almost all
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els crops – but only if they are able to apply ad-
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cient power conversion processes in ethanol and bio-
fuel production – technologies available to them as
latecomers, e.g. through South-South investment and
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The key that unlocks the potential of renewable en-
ergy sources for development is – as discovered by
Brazil – flex-fuel vehicles. It works like this. Flexfuel
vehicles give motorists a choice – fill up with ethanol
or with petrol, depending on the price and personal
preference. This choice engenders confidence, and
overcomes any lingering doubts about ethanol. This
builds consumer demand for ethanol, so bringing
competition to the petrol forecourt. The oil compa-
nies can swim with the tide, and supply ethanol
themselves, or they can go against it, and allow inde-
pendents to supply the ethanol that motorists de-
mand. Either way, an ethanol market is created. This
then leads to realistic policies for supplying ethanol –
either through imports (probably from Brazil) or
through local production that gets a kickstart man-
dated by popular demand. In the tropical parts of the
world, such as India or Thailand, there will be sugar-
cane and starch-rich plants such as cassava providing
the feedstocks. In more temperate climates, it will be
grains such as wheat, sorghum, corn and new varie-
ties not yet seriously tested, such as sweet sorghum.
The bioreactors built will be at the leading edge of
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dards. And the governments of India and China
would be pushing on an open door to make such re-
quirements mandatory. The automotive industry is
already producing huge numbers of flex-fuel vehi-
cles, and would be enchanted to be given a chance to
offer them against local competition in India and
China.

The rest would follow. As India and China wean
themselves off imported oil, and the results of pro-
ducing ethanol and methanol and creating a national
biofuels market become apparent, so the pressure to
produce other ‘green’ sources of energy would
mount. Confidence breeds confidence. There would
be demands to clean the cities of smog and air pollu-
tion caused by vehicle emissions. Green electricity,
produced from digestion of urban waste, from solar
photovoltaics and from wind power, would be
viewed as no longer a marginal supply issue, but cen-
tral. The institutional reforms needed to mandate
such a switch would be forthcoming, because the
confidence to do so would be established by success
with biofuels. Thus more and more electric power
would be produced from renewable sources, as retail
suppliers of power are mandated to do so, and con-
sumers demand it. Reforms covering interconnection
would be enacted, allowing small, independent
power producers to use their own generated power
locally and to sell off excess to the grid, at fair and
reasonable terms. Thus the whole electric energy
system would be decentralized, and made more ro-
bust as a result. Power blackouts and brownouts
would become a thing of the past in developing coun-
tries.

As the savings from importing oil mount, so the
countries that pursue this development pathway will
be able to build export industries, first around biofu-
els, and then around the technology for producing
biofuels and eventually the technologies for produc-
ing energy from renewable sources more generally.
This would be an interesting 21st century variant of
Akamatsu’s ‘flying geese model’ which envisaged
developing countries moving in lockstep with ad-
vanced countries as they import first their equipment,
then develop industries, then exports, and finally end
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up exporting the latest versions of the equipment
themselves. In this 21st century variant, it is the late-
comers who take the lead in energy, and after import-
ing advanced technology move quickly to build their
own export industries in advance of the developed
world. Led by Brazil, India and China, and with the
full participation of Japan – and eventually of the US
and Europe as they break free of oil-dependence –
the renewable energy industry is set to become the
largest industry of the 21st century – taking over that
position from oil, which is currently the world’s larg-
est and has been for the past half-century and more.
But the renewable energy industry promises much
more than independence from fossil fuels. It prom-
ises to be a ‘normal’ industry, in the sense of one that
promotes competition and innovation – two features
conspicuously lacking in the international oil and
automotive industries.

So the developing countries have everything to gain
from promoting biofuels as the first of a series of
renewable energy industries, and nothing to lose.
They will not be sacrificing other options to do so,
because they do not have other options in place –
other than underdeveloped fossil fuel utilizing sys-
tems that are becoming prohibitively expensive and
economically crippling as oil supplies peak. They
will not be sacrificing resources such as land because
they have land in excess supply, particularly the kind
of degraded land that is best utilized for fuel crops
such as sugar cane or Jatropha. They will be saving
themselves from the trap of being dependent on oil
imports at a time when the price of oil is rising inexo-
rably, and security of supplies is anything but certain.
They will be contributing to promoting cleaner air in
their cities and reducing greenhouse gas emissions
overall – for which carbon credits should become
available soon under a Kyoto-like process. The issues
that developing countries need to consider have been
well documented and publicised, by the World Bank
and other agencies.

Finally developing countries, in addition to all these
advantages, can kick-start their own process of indus-
trial development by focusing seriously and urgently
on the building of a biofuels industry and on all its

concomitants, such as the promotion of entrepreneur-
ship, exports and cluster development. But the oppor-
tunity, while the developed countries are still dither-
ing over whether to get behind biofuels in a big way,
could close soon. Now is the time for the World
Bank to get behind the promotion of biofuels indus-
tries for developing countries as a major priority, and
for the countries themselves to build the industries
that will liberate them from the bondage of a fossil-
fuelled future.
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