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significant improvements to the air
quality of São Paulo over the last 15
years.3 In addition, on a life cycle basis, if
proper feedstock and agricultural practices are used, they also reduce greenhouse gas (GHG) emissions.4
The volume of ethanol, as a fuel
replacing gasoline is presently around
500 000 barrels of oil equivalent per day
or 0.7% of the world’s oil consumption of
86 million barrels per day. Ethanol is
produced mainly in the United States
(from corn) and in Brazil (from sugarcane). In 2006, the US produced 18.5
billion liters,5 Brazil 17.8 billion liters6
and the European Union 1.55 billion
liters7 (mainly from sugar beet) making
a grand total of 37 billion liters per year.
The land in use for ethanol production in
2006 in the US (from maize) was 5.1
million hectares and in Brazil (from
sugarcane) was 2.9 million hectares.8
The amount of biodiesel in use is much
smaller circa 2 billion tonnes per year
mainly in Europe.7
The use of ethanol is bound to increase
very substantially in the next 10–15 years
due to mandates adopted by governments. The recent US Energy Bill sets
a target for the production of 15 billion
gallons by 2015 of ethanol from corn
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using current technologies and an additional 21 billion gallons by 2022 from
cellulosic materials which require new
‘‘second generation technologies’’ that are
still in development. The European
Union has adopted a directive requiring
3.9 billion gallons of ethanol by 2020 to
replace 10% of the gasoline. Many other
countries have already adopted blends
of 2% ethanol (E2) or 10% ethanol (E10)
in gasoline, among which are Canada,
China, India, and Australia, in a number
of provinces, others such as Colombia,
Argentina, Philippines and South Africa
will adopt E2 or E10 by 2010–2012.9
It is difficult to know how much
ethanol will be needed in these countries
but it is estimated at least 1 billion gallons.
Brazil already replaces 20–25% of its
gasoline with ethanol, and the introduction of flex-fuel cars means circa 50% of
gasoline is now replaced by ethanol.
If the mandates adopted by different
countries are met ethanol will replace
at least 10% of the gasoline used worldwide by 2022 and the amount of
ethanol needed will triple to 30 billion
gallons per year, excluding the 21 billion
gallons expected to come from cellulosic
materials.
Such large demand and the corresponding use of agricultural land needed
for its production has as generated
a number of objections to the use of
biofuels, the main ones being:
I. Competition for land for fuel
‘‘versus’’ land for food is causing famine
in the world and deforestation of the
Amazonia and other tropical forests.
II. On a life cycle basis biofuels do not
reduce GHG emissions.
III. Biofuels are only viable in ‘‘niches’’;
the Brazilian experience is unique.
IV. Only subsidized production of
biofuels is possible.
It is argued here that such concerns are
grossly exaggerated and correspond to
a simplistic and frequently skewed interpretation of what is really happening in
this field.
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Currently two types of biofuels are being
used in significant amounts around the
world: ethanol and biodiesel. Ethanol is
produced in large amounts from maize in
the United States, sugarcane in Brazil and
in smaller amounts from wheat and sugar
beet in Europe. Biodiesel is produced
predominantly from rapeseed in Europe,
palm oil in Asia and soybeans in Brazil.
Ethanol and biodiesel are mainly used
blended with gasoline or diesel, respectively, in low proportions (smaller than
10%). High proportion blends and
ethanol used in pure form in adapted
vehicles are used in Brazil, as are flex-fuel
cars which accept any blend of ethanol
and gasoline.1
On technical grounds biofuels are
a good alternative to gasoline and diesel
oil.2 They are produced from agricultural
products and do not have the impurities
petroleum products have such as sulfur
oxides and particulates, the main source
of pollution in large metropolitan areas.
Replacement of gasoline by ethanol from
sugarcane in Brazil has resulted in very
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I. Competition for land for fuel
‘‘versus’’ land for food is causing
famine in the world and leading
to deforestation of the Amazonia
and other tropical forests
The recent rise in prices for agricultural
products, after several decades of
declining real prices,10 is usually seen as
one of the causes of famine in the some
parts of the world and has given rise to
the politically laden controversy of fuel
‘‘versus’’ food, which some claim would
hard hit the poor and may cause famine.8
In fact, grain prices have more than
doubled since January 2006 with over 60%
of the rise occurring since January 2008
following closely the rising price of petroleum; grain prices are now starting to drop
as the 2008 crop is harvested.11 In contrast,
the point has been made that higher crops
prices will not necessarily harm the poorest people; many of the world’s 800 million
undernourished people are farmers or
farm labours, who could benefit.12
To keep a perspective, it is a useful
reminder that 93 million hectares of land are
used presently for soy production around
the world. As a general trend the price of
food commodities has been decreasing since
1975 but fluctuations, in the area planted
and the price of food commodities (as well
as crude oil), are frequent. Such fluctuations have been taking place for many
decades due to an enormous number of
factors and events.5 Moreover, not all
biofuels have the same impact on food
prices – in the case of Brazil, the increased
production of ethanol from sugarcane did
not induce an increase in sugar prices.11
Land already in use for agriculture
(arable land) is 1.5 billion hectares and
additional land potentially available is
440 million hectares of which 250 million
hectares are in South and Central America and 180 million are in Africa. Therefore, the area in use for biofuels is only
0.55% of the land in use and even an order
of magnitude growth should not be a very
disturbing factor.13,14
This problem has been extensively analysed in many reports, particularly from
the World Bank,11 which have pointed
out that grain prices have risen due to
a number of individual factors, whose
combined effect has led to an upward price
spiral, namely: high energy and fertilizer
prices, the continuing depreciation of the
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US dollar, drought in Australia, growing
global demand for grains (particularly in
China), changes in the import–export
policies of some countries and speculative
activity on future commodities trading,
and regional problems driven by policies
subsidising biofuels’ production in the US
and Europe. An example of the effect of
such policies is given by the fact that in the
US, from 2006 to 2007, corn acreage grew
19% to almost 37 million hectares, i.e. by 7
million hectares. Most of this expansion
came at the expense of soybean planting
which decreased 17% from 31 to 26 million
hectares i.e. by 5 million hectares.15 This is
approximately 6% of the world area used
for that crop contributing to the drive of
prices upwards. One should point out that
these land use changes have been reversed
in 2008.16 However, the point has
been made that to offset this decrease
other countries had to expand soybean
production possibly in the Amazonia
increasing its deforestation.17 Such
a speculative ‘‘domino effect’’ is not borne
out by the facts: the area used for soybeans
in Brazil (mainly in the Amazonia) has not
increased since 2004.18 The reality is that
deforestation in the Amazonia has been
going on for a long time at a rate of
approximately 1 million hectares per
year19 and that recent increases are not due
to soybean expansion but to cattle.16

II. On a life cycle basis biofuels
do not reduce GHG emissions
There are many studies on this subject
and the results are sensitive to assumptions about the use of fertilizers, pesticides
and other inputs in the industrial phase of
production but a fair estimate is that
compared to gasoline, ethanol from maize
emits 18% less CO2 and ethanol from
sugarcane, 91% less.4 The reason for this
is that bagasse from sugarcane is used as
a source of heat (and electricity) in the
preparation of ethanol, including crushing and distillation. In contrast, ethanol
from maize requires external energy
which in the US comes mostly from fossil
fuels particularly coal. In a sense one
could say that by using sugarcane one
converts the sun’s energy through
photosynthesis into ethanol and by using
maize one converts coal into ethanol.
Emissions from land use changes
resulting in massive deforestation could

be a source of GHG emissions but the
calculations of Fargione et al.20 refer to
a worst case scenario which is not presently taking place. This is because the
expansion in the area used by biofuels is
not taking place in virgin tropical forests
with exception of the practice in
Southeast Asia where large portions of
forest have been replaced by palm trees.21
Such practice, of course, would release
a large amount of CO2 but extensive
studies have been made of CO2 releases
from other agricultural practices that do
not involve deforestation with results
much less alarming then the one reached
by Fargione et al.22,23
The expansion of sugarcane plantations in Brazil is taking place on degraded
pasture located very far from the
Amazonia wet tropical forest where
sugarcane does not grow well. As proof,
one can mention the fact that the average
number of head of cattle/hectare was 1.28
in 2001 in the state of São Paulo and this
had increased but only to 1.41 in 2005 due
to the expansion of sugarcane plantations
on former pasture.3 In the country as
a whole cattle density is even lower, closer
to 1 cattle/hectare. The deforestation in
the Amazonia is linked closely to cattlebreeding for meat production, for internal
consumption and for export, and not to
ethanol production. Today, Brazil has
approximately 200 million head of cattle
(on 237 million hectares).
The whole issue of CO2 emissions from
land use changes and agricultural expansion is, in general, not a food versus fuel
problem, instead it should be called more
appropriately a food versus climate
problem, since it applies to the expansion
of agricultural areas in general.

III. Only subsidized production
of biofuels is possible
Presently, this is indeed the case for the
production of ethanol from corn in the
US and from wheat and sugar beet in
Europe where production costs are
approximately, respectively, two and four
times higher than those of ethanol from
sugarcane in Brazil,24,25 where in the last
30 years, thanks to economies of scale and
productivity gains of approximately 4%
per year, ethanol cost has declined by
a factor 3 to become fully competitive
with gasoline without any subsidies.26
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IV. Biofuels are only viable in
‘‘niches’’; the Brazilian experience
is unique
There are almost 100 countries producing
sugarcane on an area of 20 million hectares (approximately 0.5% of the total
world area used for agriculture). The 15
most important producers account for
86% of the total production of sugarcane.8 It is easy to convert plants
producing sugar to ethanol distilleries and
most of the 325 existing plants in Brazil
are dual purpose. Only 47% of the
sugarcane area in Brazil, i.e. 2.9 million
hectares, is used to produce ethanol.6
It is clear therefore that the production
of ethanol from sugarcane could be
expanded significantly if, following the
example of Brazil, other countries use
a fraction of their sugarcane output for
ethanol production. Colombia already
has four large distilleries in operation and
other sugar producing countries, mainly
in the Caribbean, have plans for more.27
A worldwide increase of 50% in the
present 20 million hectares area dedicated
to sugarcane, i.e. 10 million hectares,
would if used for ethanol production
(compared to the 2.9 million hectares
presently in use in Brazil) by 2022 result in
the production of an extra 21 billion
gallons of ethanol, which together with
US production would more than suffice
to meet projected needs. And, carbon
emissions will be reduced by approximately 57 million tons per year.4
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