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As global energy resources become increasingly scarce in the
face of growing energy demand for transport fuel and other
productive uses, many countries have begun to turn to the
possibilities that biofuels from renewable resources could offer
to supplement their domestic energy portfolio. While much of
the recent literature has focused on the growth of biofuels in
the developed world—mostly in ethanol, a substitute for gaso-
line made from sugar- or starch-based crops, and biodiesel, a
substitute for diesel made from oil-based crops—developing
nations have expressed growing interest in biofuel production
as well.1 Although Brazil and the United States currently rep-
resent nearly 90 percent of ethanol production, and the
European Union represents 90 percent of biodiesel produc-
tion, China and India are expected to capture a growing share
of production in these biofuels categories in the coming
decades.2

While a number of other developing countries find the
prospect of biofuels attractive, the degree to which they invest
in building capacity for their own domestic production
remains uncertain, given the fluctuating price of fossil-based
energy and the inevitable long-term commitment of govern-
ments to support fledgling biofuel-producing industries
through subsidies, tax credits, and other producer and con-
sumer incentives. There are a number of countries in sub-
Saharan Africa, South and Southeast Asia, and Latin America



that have suitable climates, agro-ecologi-
cal conditions, land areas, and water
resources for growing the crops required
for biofuel production, also known as
feedstock.3 However, the degree of infra-
structure development in these countries
varies widely, and many nations are inca-
pable of competing against those which
are able to facilitate the large-scale pro-
duction of biofuels. Furthermore, the
extent to which some developing coun-
tries would need to divert scarce
resources away from other important
development projects and, in general, a
broader agenda for growth, serves as an
argument against the adoption of biofu-
el technologies in the immediate future. 

In their recent agricultural outlook to
2016, the Organization for Economic
Cooperation and Development (OECD)
and the Food and Agriculture Organiza-
tion (FAO) suggest that biofuel produc-
tion is the principal driver of long-term
commodity price trends.4 These price
effects may be strong enough to shift
consumption patterns for the world’s
poor, rendering more people food inse-
cure. As a result, policymakers have
examined the effects of increased biofuel
production on commodity prices. While
elucidating producer price incentives,
these studies do not develop a full picture
of how energy, growth, and consumption
are interrelated. Although some coun-
tries are viewed less as “developing”
nations—like China, which seems well on
its way to meet such important Millenni-
um Development goals as reducing
poverty and hunger—there is still con-
cern that developing countries might
jeopardize their goals of improving
human well-being for the poorest if they
aggressively pursue agriculturally-based
production of biofuels. For example,
rapid economic growth in India coin-

cides with high levels of poverty and food
insecurity. 

We address the body of literature that
looks at the rapidly increasing biofuels
production and demand within both the
developed and developing world, and the
potential for adverse impacts on global
food economies. Energy-driven eco-
nomic growth illustrates the linkages
between agricultural production, con-
sumption, and the productivity of capital
and energy in meeting the needs of the
economy. This approach highlights the
tradeoffs in land use, and the implica-
tions that arise for food growing capaci-
ty. Moreover, we can observe how the
dynamics of “food-versus-fuel” play out
under alternative growth paths and their
resulting policy implications. Ultimately,
policymakers and researchers should bet-
ter understand the complexities of bio-
fuel production in order to synergize
investment and development strategies
that strengthen the function of food sys-
tems. 

Overview of Current Literature.
Much of the current literature focuses on
the impacts of increased biofuel produc-
tion on crop prices and land use. For
major food exporters in Latin America, a
paper prepared for the American Associ-
ation of Agricultural Economics annual
meeting determines that producers have
enough excess land to produce for food
and fuel.5 For OECD countries, between
30 and 70 percent of current cropland
would have to be dedicated to biofuel
production to offset a 10 percent domes-
tic demand for transport fuel.6 Con-
cerning prices, OECD also predicts that
the additional demand for ethanol could
increase the world price of sugar by 60
percent before 2014.7 Msangi et al.,
however, demonstrate that the strong
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increases in feedstock commodity prices
are lessened as second generation tech-
nologies go on-line.8 Other studies note
the difficulty in determining whether
increasing producer price incentives will
be substantial enough to overcome esca-
lating production costs as a result of
higher oil prices.9

The price effects of biofuel production
have also been found to differ by feed-
stock commodity. Such is the case even

though the causal linkages tend to be sim-
ilar and stem from the increased demand
of feedstock, leading to tighter market
conditions and higher prices for the
commodity. In Latin America, for exam-
ple, differing price effects are projected
for bioenergy crops, traditional crops,
and bioenergy production by-products
such as soy meal.10 Indeed, strong down-
ward price effects have been observed for
protein rich feedstocks, including soy-
beans and cereals, which have protein-
rich by-products.11 In addition, other
studies have found strong downward
impacts on world cereal and oilseed mar-
kets by changing baseline growth rates for
major agricultural markets.12

While the underlying mechanisms
dictating commodity price effects have
yet to be fully explored, there remains
strong interest in determining how bio-
fuels may affect food security. Countries
that import both food and fuel tend to
have the least secure food supplies
because net food exporters have the
potential to produce both food and fuel,

while net importers have to decide
whether to import food and produce
bioenergy or vice versa.13 Conversely,
countries that have strong export markets
in non-food-related sectors, such as
tourism, may be able to absorb higher
import costs.14 Similarly, urban house-
holds that purchase both food and fuel
may have a considerable disadvantage in
adjusting to increases in food prices,
compared to rural residents who are able

to produce food or fuel for their own
consumption. 

Higher agricultural prices may give
rural producers access to world energy
markets, but few studies investigate their
impacts on food consumption and
nutrition. For example, sugarcane and
cassava provide the most viable feedstocks
for ethanol production in Latin Ameri-
ca.15 Rosegrant et al., however, predict
that a rise in production of cassava-
derived bioethanol may cause a near
tripling of its world price by 2020, pos-
ing a serious threat to the many rural
poor who depend on cassava as a staple
crop.16

Interactions between Energy
and Food Markets. In this section we
discuss the linkages between energy and
agricultural markets, the implications
that growth in energy and food demand
have on land, and the need for techno-
logical improvements. These linkages
show the role that technology plays in
improving both the conversion efficien-
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cy of crop-based biomass into energy, as
well as the productivity of agricultural
crops themselves. Both of these factors
underlie the relationship between growth
in biofuel production and its impact on
agricultural economies, revealing trade-
offs with food availability and consumer
welfare. 

Agricultural production in the devel-
oped world is highly mechanized, maxi-
mizing yield with manufactured inputs
like fertilizers and improved seed vari-
eties. Each of these factors requires ener-
gy directly for fueling farm equipment
and indirectly as inputs to manufacture
fertilizers and machinery. Even though
modern agriculture depends on energy-
based inputs, food prices remain low
through a combination of low input costs
and high yields. High energy prices,
however, are increasing the costs of pro-
duction. Consider, for example, the
linkage between energy markets and the
market for fertilizer. Since energy poses a
significant input cost for producing fer-
tilizer, a change in energy price has a
direct effect on the price of fertilizer. An
increase in fertilizer price will cause a
decrease in the amount of fertilizer
demanded at the farm level. As a result,
the quantity of food available on the
market will decrease, forcing consumers
to pay higher prices. Similar linkages can
be drawn for other energy intensive farm
inputs, such as machinery and other
equipment, which would have significant
impacts on agrarian households when
considered together. 

Land is another main factor of agri-
cultural production. The decision to
dedicate land to the production of biofu-
els depends heavily on available conver-
sion technologies, or the processes that
transform crops into fuels. Current
technologies can efficiently convert

grains and sugars—such as corn and sug-
ar cane—into ethanol, and oils—such as
those derived from soybeans—into
biodiesel. The efficiency of these tech-
nologies depends on the yield, in bushels
per acre, of the feedstock to the energy
content per gallon processed. In the
United States, corn is transformed into
ethanol at a rate of 2.5 gallons of ethanol
per bushel, with an average yield of
139.34 bushels per acre.17 This means
that the average producer can generate
350 gallons of ethanol per acre of corn
cultivation. 

To further illustrate how biofuel pro-
duction is linked to land use, and ulti-
mately crop production and productivi-
ty, consider the effects of two simultane-
ous technological improvements: one in
fuel conversion technologies, and anoth-
er in agricultural productivity. The shift
in fuel conversion efficiency allows a
greater amount of energy to be produced
for the same amount of land—or, con-
versely, the same amount of energy with a
lesser amount of land. As conversion
technologies become more efficient, a
decreasing amount of land will be neces-
sary for energy production and, in turn,
more will be available for food crops.
Additionally, as agricultural productivity
improvements are made in improved
seed varieties or mechanization,
increased yields will result from the same
amount of land. Under this scenario,
more land can be dedicated for energy
production without affecting food pro-
duction yields. 

From this example, we see that the con-
currence of increasing food production—
to meet the needs of growing, wealthier
populations—and increasing energy
demands places steeper requirements on
the improvement of both energy and crop
technologies in order to keep up. Other-
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wise, a constant or decreasing food supply
from the decreased availability of land for
food production and static yields would
cause the “food-versus-fuel” trade-off
that is of much concern to policymakers
and analysts. When formulating policy, it
will be important to consider how simul-
taneous improvements in both fuel con-
version and crop productivity influence
the evolution of energy production and
yield levels over time in relation to the
quantity of total agricultural land available
for food or energy uses. 

Extensification, an increase in total
agricultural land, could relieve some of
the constraints that might be placed on
yield growth and might be an option
where there is non-agricultural land that
could easily be converted. Of course, care
has to be taken to ensure that expansion
into non-agricultural land would not
entail losing important habitats for species
or propelling fragile lands toward rapid
declines in quality. Several such instances
occurred in tropical and semi-tropical
environments, where clearing for agricul-
ture disrupted the delicate ecologies of
forested areas—its result, the rapid loss of
soil, organic matter, and fertility, and a
subsequent degradation of livelihoods
dependent upon those lands. These kinds
of dynamics illustrated the differences
between North American soil ecologies
and those of tropical South America and
Africa—the latter rarely appreciated by
early aid efforts, which promoted large-
scale, prairie-style modes of grain pro-
duction.18 In the past, the livelihoods of
non-agricultural, indigenous communi-
ties were also overlooked when consider-
ing options for expanding production
into low-density areas, leading to social
disruption and the subsequent loss of tra-
dition-based livelihoods.19

There might also be concerns about

animal habitat preservation that could
arise if large-scale extensification were
considered an option for increasing cul-
tivated areas for energy crops. Together
with possible disruption and loss of
important eco-system functions, habitats
could be destroyed if environmental
considerations were not weighed and val-
ued accordingly in the larger cost-bene-
fit calculations driving investment deci-
sions. These shortcomings could be par-
tially addressed by involving key stake-
holders in the evaluation process,
strengthening the regulation and
enforcement of land use, where such
mechanisms exist, or creating them
where they do not. 

But most heavily populated regions
have already reached the limits of their
cultivable land due to the pressures of
urbanization and human settlement—
especially if one wants to farm on land
that has access to water and market infra-
structure as opposed to low-quality and
highly degraded lands. This would make
the intensification of production on
existing land—leading to higher produc-
tivity levels—the only viable option for
some regions to increase their output of
food, feed, and biofuel feedstock, while
maintaining the ecological integrity of
the surrounding landscape. 

Implications for Food Security
and Policy. Many of these country-
level investments coincide with those that
we might consider generally necessary for
the improvement of food production,
distribution, and delivery systems in
developing agricultural economies. A
multitude of the environmental stresses
that could stand in the way of crop pro-
duction for biofuel feedstocks, in terms
of soil quality or other critical resource
endowments such as water, are the same
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stresses that put pressure on the produc-
tion of food for domestic consumption
and export. Indeed, many of the precon-
ditions for establishing an efficient and
well-functioning domestic biofuel pro-
gram, such as reliable agricultural stor-
age, processing, distribution systems,
and high-yielding agricultural produc-
tion systems, are the same ones that pol-
icymakers and researchers consider when
trying to define the necessary conditions
for food security and the reliable delivery
of food-based services to developing
country populations. 

In light of this coincidence, it would
appear that the “food-for-fuel” trade-
off, that some policy analysts argue would
result from the large-scale expansion of
biofuel production, need not occur.
Indeed, the very investments that might
enhance food security through the
strengthening of food production and
delivery systems—such as higher-yielding,
input-intensive cropping where produc-
tion and processing take place within a
vertically integrated and capital-intensive
system—could be the very ones that
ensure the healthy operation of a nascent
biofuel industry and prevent the kind of
sharp trade-off that some predict.
Undoubtedly, there will be market-level
price effects when there is a large-scale
expansion of production from feedstock
commodities that also has sizeable food
and feed use value, and surely those who
are most vulnerable to price increases
could be adversely affected. However, the
need for continued policy analysis in this
area is clearly evident and should remain
a research priority. 

Conclusions. Devoting resources to
biofuel production affects agricultural
production, economic growth, overall

socio-economic development, and
human welfare. We describe the key link-
ages between agriculture and energy to
illustrate the important technological
factors affecting the long-term prospects
for the biofuels industry and its impact
on the economy. Development and
long-term economic growth will
inevitably lead to more capital- and
energy-intensive patterns of production
over time, and it remains the role of
technological efficiency improvements in
both industry and agriculture to relieve
the pressures that this growth will place
on the natural resource base and the
landscape. A food-focused economy
would need much more agricultural
land, barring any productivity improve-
ments, than one that is more capital- and
energy-intensive. However, the linkages
between growth, consumption, and
energy needs will inevitably put greater
pressure on production systems, and on
the natural resources and ecosystems that
support them. 

Therefore, maintaining a focus on
agricultural productivity and technologi-
cal innovation in agricultural and other
sectors can help avoid the “food-versus-
fuel” trade-off. The duality of biofuel
capacity growth and agricultural develop-
ment allows for a synergy between these
goals, such that more efficient and pro-
ductive agricultural production, process-
ing, storage, and distribution processes
can lead to better outcomes in food secu-
rity and the productive capacity of the
biofuels industry. By examining biofuel
capacity, agricultural development, and
economic growth in this way, we can
achieve a multitude of important human
development goals with a common set of
technologies, policy instruments, and
interventions.
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