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Abstract
Policies promoting ethanol and biodiesel production and use in the U.S., Europe, and
other parts of the world since the mid-2000s have had profound and largely unintended
consequences on global food prices, agricultural land values, land acquisition, and food
security in developing countries. They have also created regional opportunities in the
form of agricultural investments, crop yield growth, and prosperous farm economies.
This paper reviews the main policy initiatives behind the 21st century biofuels boom—
with specific attention to renewable fuel mandates—and describes how these policies
influence food price levels and stability in international and national markets. It also
explores the implications of an expanding biofuels industry for development policy and
food security in countries with persistently high rates of hunger, including virtually all
sub-Saharan African countries and India. The paper ends by suggesting three themes
surrounding the debate over crop-based biofuels: 1) the dominant role of uncertainty in
energy and agricultural markets, especially in light of new energy investments, financial
instability, and climate change; 2) the importance of government policies and welldeveloped supply chains as pre-requisites for profitable biofuel industries; and 3) the
need to weigh opportunity costs to biofuels development in terms of fiscal expenditures,
land and water resources, and political capital. These issues are particularly important for
food insecure countries as they chart their development strategies for the future. Policies
that appear promising for food and energy security at the macro-scale today might have
major shortfalls for poor communities and households over the longer run if food
availability, access, stability and nutrition are seriously compromised.
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Biofuels, Rural Development, and the Changing Nature of Agricultural
Demand
Many of the core lessons on food policy for low-income countries have endured since the
early writings of Arthur Mosher (Getting Agriculture Moving 1966) and Timmer, Falcon
and Pearson (Food Policy Analysis 1983). But two more recent trends have become
defining features of the world food economy: globalization in trade and capital flows, and
increased integration between the agriculture and energy sectors via the expansion of
biofuels. Global and regional demands for food, animal feed, and fuel now play a
dominant role in the behavior of agricultural commodity markets, contributing to rising
food price levels and volatility since 2005. The burgeoning biofuel industry, in particular,
is reshaping the nature of agricultural demand. What makes the 21st century biofuels
boom an interesting topic for this volume is that it is propelled largely by U.S. and EU
policies, which in turn stimulate new policy initiatives in developing countries. The
questions for this chapter are: 1) What are the key policies behind the recent surge in
biofuels production and use worldwide? 2) How does the expansion of biofuels affect
agricultural markets, food prices, and food security on a global basis? And 3) What does
a growing biofuels market mean specifically for development policy and food security in
countries with persistently high rates of hunger, including virtually all sub-Saharan
African countries and India?
The current commercial biofuels sector is comprised of ethanol and biodiesel produced
from agricultural crops such as maize (corn), sugarcane, cassava, sorghum, rapeseed
(canola), soybeans, and palm oil, and are commonly referred to as “first-generation”
biofuels.1 These liquid fuels are used mainly in the transportation sector. They are distinct
from biomass fuels, which are comprised of renewable materials such as crop or forest
residues, animal dung, and municipal solid wastes and are used widely in the developing
world for regional or small-scale heating, cooking, and electricity.2
Liquid biofuel production has increased by more than five-fold since 2000 on a global
scale, topping 100 billion liters (27 billion gallons) in 2010 (Figure 1). Ethanol accounts
for most of the global total (86 billion liters or 22.4 billion gallons), but biodiesel
production, at 19 billion liters (5 billion gallons) has also grown significantly in recent
years. One of the most striking differences between the two fuels is that ethanol remains
largely a story of the U.S. and Brazil—accounting for 57 percent and 33 percent of the
global total, respectively, in 2010, while biodiesel is produced by numerous countries
around the world. The large market shares of the U.S., Brazil, and the EU shown in
1

Recycled cooking oils and processed animal fats are also used as biodiesels. “Second generation” biofuels
are derived from cellulosic residues (e.g., maize stover), fast-growing trees (e.g., poplar), or dedicated
energy plants (e.g., switchgrass, elephant grass). “Third generation” biofuels are produced mainly from
algal-based materials. At present, second- and third generation biofuels are in the development stage and
are not yet economically viable at a commercial scale. See IEA 2011; Gerasimchuk et al. 2012.
2
Renewable energy sources supplied 16.7 percent of global energy consumption overall in 2010, and
biomass energy was half of the renewable total. Biomass comprises a much larger volume of energy than
liquid biofuels, which provide only 2-3 percent of global road transport fuels today (REN21 2012; IEA
2011).
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Figure 1 are indicative of major biofuels policy initiatives that have encouraged domestic
investments and consumption.
Figure 1: World biofuel production, 2000-2011

Sources: Ethanol Production, Europe and Other Biodiesel Production (large chart) – US Energy
Information Administration International Energy Statistics (available online from www.eia.gov,
accessed 04 August 2012) and REN21 Renewables 2012 Global Status Report (available online
from www.ren21.net); Biodiesel Production by Country (small chart) – REN21 Renewables 2012
Global Status Report (REN21 2012).

What these policies and the resulting growth in the biofuels sector imply for global food
security and food policy is the central focus of this paper. By creating a substantial new
layer of demand for crops for use as a transportation fuel, the development of first
generation biofuels reduces the availability of crop production for human consumption
and animal feeds in the absence of significant area expansion or productivity growth. In
so doing, it also bolsters crop prices, farm revenues, land values, and farm wages. How
biofuels affect food security via access, stability, and nutrition thus depends on the net
production versus consumption status of households, the volatility of food prices, the
transmission of prices from international to national and local markets, and the extent to
which crop production for biofuels displaces local food production, particularly if the
latter provides important nutritional benefits to households. At a macro scale, the
development of biofuels can also affect food security through domestic investments in the
rural sector, trade-offs in fiscal priorities with respect to other social developments (e.g.,
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education, health), and water and land allocations for large-scale biofuel estates versus
smallholder agriculture.
The stakes of biofuels development for low-income countries are high given the potential
impacts on food security. The chapter begins by reviewing the current policy incentives
underpinning 21st century growth in ethanol and biodiesel production and consumption at
the global scale, and then describes how these policies influence food price levels and
stability in international and national markets. The final section explores how biofuels
investments in developing countries might affect food security over both the short- and
long-run, and identifies some areas of future study and focus for emerging food policy
leaders in sub-Saharan Africa, South Asia, and other regions with high rates of hunger.
The chapter highlights, but does not exhaustively review, the vast literature that has
developed on biofuels during the past decade.
The political economy of the biofuels boom
The U.S. and the EU have led the global expansion of ethanol and biodiesel production,
respectively, since 2005 (Figure 1). Other large countries in the world food economy,
including Brazil, Argentina, China, Indonesia, and India, have also played a significant
role. What are the political and economic motivations behind this growth? The most
obvious explanation is that policies promoting biofuels production, particularly in the
U.S. and EU, reflect a continued response to the process of structural transformation,
defined by the declining relative share of agriculture in aggregate income and
employment.3 More than a century of agricultural investments and policy incentives that
opened frontiers, enhanced crop productivity, and generated growth in rural incomes and
food supplies in the U.S. and Europe have resulted in surplus production and strong
political constituencies formed around agricultural interests. Even with post-World War
growth in agricultural trade, global grain prices trended downward (with some major
spikes) over a 50-year period leading into the 21st century due to gains in crop production
that exceeded increases in global demand (Figure 2). A long history of dual-purpose farm
legislation has thus been established, in which production incentives and rural welfare
goals go hand-in-hand (Kennedy 2007).

3

For further discussion on structural transformation, see papers by Badiane and Timmer in this series.
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Figure 2: Real wheat and maize prices, $US/MT, January 1970-February 2012

Source: International Monetary Fund. 2012. International Financial Statistics e-Library, Wheat
and Maize Commodity Prices and US GDP Deflator. http://elibrarydata.imf.org/DataExplorer.aspx, accessed 11 July 2012.
Note: Annual prices for US Gulf Ports, deflated with IMF US GDP deflator.

Declining real cereal prices helped to induce the development of the grain-fed livestock
sector and the corn-fructose sweetener industry, and more recently the ethanol industry in
the U.S. (Naylor and Falcon 2011). Enzyme production, distilling processes, and supply
chains formed around the corn-fructose industry set the stage for corn-ethanol production,
and distiller by-products from ethanol production for use in livestock feed became a key
element of the sector’s profitability (ibid). Production gains in oilseed crops (rapeseed,
soybean), combined with developments in co-products (meal-oil) and supply chains, also
fostered growth in the biodiesel industry. Despite these market trends, however, the
ethanol and biodiesel industries would not have flourished as they did since 2005 without
strong policy incentives in the U.S. and EU. The objectives for supporting biofuels have
been numerous and include, at the core, the desire to support rural economies and
agricultural constituents. In addition, creating incentives for biofuels development has
allowed governments to reduce direct subsidies to farmers, and as a result, to come closer
to meeting the targets of the Uruguay and Doha Rounds of the World Trade Organization
(WTO). But there have been few savings for government budgets. Direct agricultural
subsidies have been replaced by biofuel tax credits and exemptions, and high and volatile
food prices related to biofuels growth have led to additional government spending on
consumer subsidies (e.g., the SNAP program in the U.S.) and farm insurance safety nets.4
Expenditures on the USDA Supplemental Nutritional Assistance Program (SNAP) benefits more than
doubled between 2007 and 2011, from about $30 billion to $72 billion. Almost two-thirds of the growth in
spending on SNAP benefits between 2007 and 2011 stemmed from the increasing number of participants
due to the economic recession; in 2011, one in seven Americans (roughly 45 million people) received
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Although rural revitalization offers one explanation for policies supporting the biofuels
boom, it is certainly not the only one. Global economic growth has generated rapid
increases in energy demand worldwide, particularly in emerging economies, and in turn
to higher crude oil prices. The jump in crude oil prices from $60/barrel in mid-2005 to
$140/barrel in mid-2008 certainly helped justify government expenditures on biofuel
development at the time. In addition, dependence on foreign oil sources that are
controlled by unstable governments, or on governments hostile to OECD (especially
U.S.) interests, has encouraged a greater reliance on domestic sources of energy and on
renewable energy. Investments in renewable energy have been supported further by
commitments to curb greenhouse gas emissions (GHGs) in the face of global climate
change. The extent to which biofuels policies result in GHG reductions remains hotly
debated, however, particularly in light of agricultural land use change, intensive
production practices on existing cropland, transportation requirements for liquid biofuels,
and subsidies to energy companies that support biofuel and fossil fuel consumption.5
Legislation within the U.S. and EU has been implemented to address these issues
directly, although accounting accurately for GHG emissions, particularly with respect to
indirect land use change, is a difficult task.6
U.S. biofuel policies
Policies surrounding the U.S. ethanol industry illustrate how these objectives played out
between 2005 and 2012. The U.S. policy setting warrants special attention given the
country’s dominant contribution to global biofuels production during the past decade and
its large role in international agricultural markets, particularly maize and soy.7 Ethanol
policies in the U.S. have taken three main forms: tax exemptions and credits, tariff
protection, and mandates (Naylor and Falcon 2011). The first two have their origins in
earlier legislation dating back to the 1970s and 1980s, but it is the third element—
mandates—that are critical to the recent biofuel boom.8 Mandates for ethanol and
biodiesel fall under the Renewable Fuels Standard (RFS), first established by Congress
through the Energy Policy Act of 2005, and then bolstered through the Energy
SNAP benefits. The rising cost of the SNAP program was also due to higher food prices. For more
information, see: Congressional Budget Office, “The Supplemental Nutritional Assistance Program” (April
2012), http://www.cbo.gov/publication/43173 (Accessed July 10, 2012).
5
There is a large literature surrounding this debate. See, for example, de Gorter and Just (2007);
Searchinger et al. (2008); Fargione et al. (2008); Campbell et al. (2009); Tilman et al. (2009); Loarie et al.
(2011); and Gerasimchuk et al. (2012).
6
Indirect land use change (ILUC) is the change in land use induced by commodity price movements related
to biofuels production, within or outside of the country where the biofuels are produced. For further
information on modeling efforts, see USDA (2011).
7
In 2009-10, the U.S. accounted for over one-third of global maize and soy production, and for almost half
of world exports in both commodities. See FAOSTAT: http://faostat.fao.org/.
8
The tax and tariff policies are defined under the Renewable Fuels Reinvestment Act of 2010 and were
phased out completely on December 31, 2011. They included a $0.45/gallon blender credit (volumetric
excise tax credit), a $0.54/gallon tariff on imported ethanol, and a 2.5 percent ad valorem tariff (Naylor and
Falcon 2011). Also included was a $1.00/gallon blending tax credit on biodiesel established initially under
the American Jobs Creation Act of 2004, which provided a tax credit regardless of biodiesel source
(domestic or foreign) or amount (up to 99.9 percent biodiesel blend) (de Gorter et al. 2011).
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Independence and Security Act of 2007. The RFS currently requires that the amount of
conventional (corn- or other first generation)9 ethanol used in gasoline blends in the U.S.
reach a minimum target of 15 billion gallons by 2015, and that advanced biofuels (made
from agricultural, cellulosic, and algal materials) reach a minimum of 21 billion gallons
by 2022 (Figure 3). Within the advanced biofuel mandate, at least 1 billion gallons must
be comprised of biodiesel (made largely from soy oil), and a small but rising share must
come from non-cellulosic fuels that include, by definition, sugar-based ethanol. The RFS
mandates, which are enforced through the Environmental Protection Agency (EPA), also
have a greenhouse gas stipulation: conventional biofuels satisfying the 15 billion gallon
target must be 20 percent lower in GHGs than petroleum-based transportation fuels, and
advanced biofuels must be up to 50 percent lower for non-cellulosic material and 60
percent lower for cellulosic material than gasoline and diesel (calculated through a lifecycle analysis).10 Corn-based ethanol produced in modern natural gas fired plants already
meets the first criterion, and sugar-based ethanol from Brazil meets the advance fuel
target of 50 percent GHG reductions.
Figure 3: U.S. renewable fuels mandates

Source: Energy Independence and Security Act of 2007. U.S. Congress.

On the consumption side, a key policy measure encouraging the use of ethanol in the U.S.
was the phase-out of MTBE (methyl tertiary butyl ether) as a gasoline additive in 2005
due to environmental and health risks. Ethanol quickly emerged as the preferred MTBE
substitute as part of a 90%/10% (E10) gasoline blend, and as a result, the demand for

Maize and corn are used interchangeably throughout this paper; because “corn” is a word widely used in
the U.S., it is used predominantly when discussing the U.S. ethanol sector.
10
For further information on the RFS see: http://www.epa.gov/otaq/fuels/renewablefuels/index.htm
(accessed June 21, 2012).
9
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ethanol became tightly linked to growth in transportation fuel demand overall.11 Herein
lies the opportunity for, but also the constraint on, future expansion of corn-based
ethanol. Presently, Americans consume about 135 billion gallons of gasoline per year
(IEA 2012), and thus the amount of ethanol consumed in E10 blends is 13.5 billion
gallons—close to the conventional fuel mandate (Figure 3). Without setting a blending
mandate above E10 (e.g., at E15 or higher) the U.S. ethanol industry faces a ceiling on
demand, commonly known as the “blending wall”.12 In 2011, the U.S. exported over 1
billion gallons of ethanol, over one-third of which went to Brazil—historically the
world’s leading ethanol producer and exporter.13 Ironically, because there are limited
domestic supplies of advanced biofuels to meet the current RFS mandate, the U.S. also
imported ethanol from Brazil!
In order to circumvent these types of inefficiencies, the EPA has three options. First, the
agency has the authority to waive one or more sub-mandates depending on potentially
harmful economic or environmental outcomes.14 Waivers are possible, for example, if the
projected volume of cellulosic biofuel production is inadequate to meet the mandate or if
a major disruption in biodiesel feedstock production is likely to cause fuel prices to rise
above acceptable levels. According to current legislation, corn-based ethanol cannot fill
the gap for advanced biofuels, although this regulation could change in the future if
advanced biofuels remain commercially unviable. The second option is that the EPA can
expand its system of mandate compliance certificates (referred to as Renewable
Identification Numbers, or RINs), which allows for the banking and trading of renewable
fuels compliance among energy refiners over space and time.15 Finally, in June 2012 the
EPA provided final approval for the use of E15 blends in gasoline for all cars and light
trucks manufactured since 2001.16 Although E15 is not yet generally available at
pumping stations, this policy measure will likely expand the demand for corn-based
11

The blending arrangement has been particularly important for the pricing and profitability of ethanol.
Ethanol contains only about two-thirds the energy (BTUs) of gasoline. To be competitive as a direct energy
source, its per gallon price must therefore be two-thirds the cost of gasoline.
12
In practice, the current blending wall in the U.S. is below 13 billion gallons, because infrastructure and
other constraints prevent 10 percent blending in all gasoline. Although some E85 pumps exist, the volume
of use is small. Most of the residual ethanol production in the U.S. is exported. For further details, see
Abbott et al. (2011).
13
See http://ethanolproducer.com/articles/8563/billion-gallons-u-s-ethanol-exported-brazil-top-destination
(accessed June 22, 2012).
14
Under the Energy Independence and Security Act of 2007 (EISA) and the preceding Energy Policy Act
of 2005, the EPA Administrator, in consultation with the U.S. Secretary of Agriculture, may waive
individual biofuels mandates if “the implication of the requirement would severely harm the economy or
environment” (http://www.farmdocdaily.illinois.edu/2011/09/epa_mandate_waivers_create_new_1.html
(accessed June 22, 2012).
15
For further information on RINs see McPhail et al. (2011) and Farmdoc Daily:
http://www.farmdocdaily.illinois.edu/2012/03/is_the_ethanol_mandate_truly_a.html (accessed June 22,
2012).
16
Ethanol blends above E10 can erode catalytic converters, especially in older car models, because ethanol
burns hotter than gasoline. To avoid this barrier on ethanol demand, the EPA approved in October 2010 the
use of E15 for cars and light trucks manufactured after 2007, and in January 2011 approved an extension
for vehicles made since 2001. The latest approval ensures that E15 will not be mislabeled and will thus
comply with the Clean Air Act (see http://www.epa.gov/otaq/regs/fuels/additive/e15/, accessed June 22,
2012).

8

ethanol in the U.S. beyond the current 15 billion gallon target. Whether or not EPA
waivers will allow conventional ethanol to meet a larger share the total RFS mandate in
the future is a key question for the industry’s growth, and in turn for agricultural
commodity markets.
International policy initiatives: the rising role of mandates
Like the U.S., Brazil and the EU also adhere to mandates as a guiding policy tool. Brazil
developed its sugar-ethanol sector early on with public support through direct budgetary
spending, subsidized credit, tax relief, and provision of government-owned assets
(especially land and water) at below-market value. With these early investments and
abundant land resources, Brazil has been able to attract foreign investment for its biofuels
industry, and to establish a well-integrated sector with flex fuel cars since 2003
(Schmidhuber 2007; Valdez 2011a,b; Rabobank 2012). Brazil eliminated its import
tariffs in 2007 and has reduced its use of tax exemptions for ethanol blending and
exports; however, it still relies on subsidized credit for sugar planting and for ethanol
refining and storage (Gerasimchuk et al. 2012). More importantly, it uses an aggressive
set of mandates, set at E20-25 and B5,17 to ensure a market for its expanding sugar and
ethanol output. It has been difficult for Brazil to meet its ethanol mandates with domestic
supplies in recent years, however, because international sugar prices have escalated and
spiked several times since 2009, creating incentives to shift the use of sugar from fuel to
food production and exports (Barros 2011). In addition, domestic sugar yields have been
afflicted by adverse climate. In 2010-11, Brazil imported almost 400 million gallons of
ethanol from the U.S. and cut its exports. To meet mandates in the future, Brazil is
expanding its sugarcane production into the cerrado (grassland) region—a move that is
effectively pushing soybean production up into the Amazon and creating tradeoffs with
environmental objectives related to biodiversity protection and GHG emissions (Loarie et
al. 2011). By expanding its sugar and ethanol production targets, Brazil is also
positioning itself to capture a greater share of the U.S. market given the composition of
RFS mandates and the elimination of ethanol import tariffs in the U.S. in December
2011.18
The EU has similarly transformed its policy approach, from an earlier emphasis on tax
and trade incentives and indicative consumption targets to a more recent focus on
blending mandates (Kutas et al. 2007; Swinbank 2009; Blandford et al. 2011). In 2009,
the EU passed legislation through its Renewable Energy Directive (RED) that required 10
percent of all transportation fuel to come from renewable resources by 2020 (EU 2009;
Flach et al. 2011). Implementation of the EU mandate is in the hands of individual
member states, most of which now have legislation in place to meet the targets. A key
issue related to the EU directive is the sourcing of feedstocks to meet its mandate via
biofuels according to its sustainability criteria. These criteria require that biofuels use
under the mandate lead to a 35 percent reduction in GHG emissions relative to fossil fuel
17

A blending mandate of E20 implies 20 percent ethanol and 80 percent gasoline. For B5, the target is 5
percent biodiesel blended with 95 percent fossil fuel diesel.
18
Sugar ethanol qualifies as an advanced non-cellulosic fuel in the RFS (Figure 3).
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sources (gasoline and diesel) upon implementation, and that the reduction in GHGs be
scaled to 50 percent for existing plants by 2017 and 60 percent for new installations. The
directive also provides a double mandate credit for the use of second-generation biofuels,
and restricts the use of palm and soy oils due to their direct and indirect impacts on
tropical deforestation. The use of biodiesel from rapeseed is expected to account for most
of the RED mandate in the near term, and electric cars are anticipated to play an
increasing role over time.19
Beyond these core production regions, over 50 other countries also support biofuels
currently through some combination of tax incentives, trade protection, and blending
mandates (IEA 2011). The global cost these biofuels subsidies, calculated on the basis of
direct budgetary spending, tax relief, and import duties, and indirect market price transfer
was estimated at $22 billion in 2010 (IEA 2011; Gerasimchuk et al. 2012). Mandates, in
particular, have become the preferred instrument of support as a result of worsening
public sector deficits worldwide.20 The rising use of mandates worldwide has transferred
the burden of costs from governments to consumers through fuel and food markets. But
mandates still come at a high cost to many governments, especially in countries where
public investments are required to develop agricultural supply chains or refining and
transportation infrastructure in order to meet the targets. Moreover, if mandates are set
sufficiently high (e.g., at blending rates of 10 percent or more), they have the potential to
distort prices more than conventional subsidies or tariffs and can thus have a significant
impact on food security.
Agriculture-energy linkages
Biofuel subsidies and blending mandates have created a tighter connection between
energy and agricultural markets, with major implications for global food prices. Energy
has always been an important input into agricultural production, particularly in more
advanced systems where nitrogen fertilizers and machinery are widely used and where
transportation plays a major role in tradable inputs and outputs in the farm sector (as
reviewed in Naylor 1996). However, agriculture-energy market linkages have become
stronger in recent years as evidenced by high correlations for monthly prices of crude oil
and key biofuel feedstocks (Abbott et al. 2008, 2009, 2011).21 What do these connections
imply for both the level and stability of food prices as the demand for transportation fuel
continues to grow, especially in emerging economies?

In 2010, the EU biofuels sector was comprised of 80 percent biodiesel and 20 percent ethanol (Flach et
al. 2011).
20
For more information on specific mandates and targets throughout the world, see IEA 2011.
21
For example, the correlation between maize and crude oil prices was insignificant (r=0.12) between
1980-2005 and rose to 0.77 between 2006-2011 when the U.S. introduced its renewable fuels standard
(author’s calculations based on crude oil prices from the U.S. Energy Information Administration, see
http://www.eia.gov/dnav/pet/pet_pri_rac2_dcu_nus_m.htm, accessed January 2012. Calculations for corn
prices were from the USDA National Agricultural Statistics QuickStats online database:
http://www.nass.usda.gov/Quick_Stats/, accessed January 2012.
19
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To answer this question, there are three key points to keep in mind. First, the size of the
energy sector is vastly greater than the size of the biofuels sector, and as a result, energy
prices have a direct affect on biofuel production but not vice versa. Second, the
profitability of ethanol and biodiesel production is a function of crude oil and diesel
prices (which determine the amount and type of fuel demanded), the price of natural gas
(for refining ethanol and as a competitive fossil fuel in energy use), and the price of
biofuel feedstocks (Cassman et al. 2006; Schmidhuber 2007). With mandates for biofuel
consumption, agricultural commodities used as feedstocks tend to fluctuate between a
floor price determined by the mandated demand, and a ceiling price above which biofuel
refining is no longer profitable (also known as the “parity price” or the breakeven price
for biofuel producers). Feedstocks typically account for 50-80 percent of variable costs in
biofuels production, and therefore an endogenous cap on crop prices is set by the
profitability criteria of the biofuels sector (Schmidhuber 2007; Mitchell 2010). Finally,
alternations in the price of agricultural commodities used as feedstocks, such as maize
and rapeseed, influence prices of other crops that are used as substitution in production
and consumption at local to global scales. Given these relationships, it is not surprising
that agriculture and energy prices have moved together, as have major agricultural
commodity prices since 2006.22
The tight linkage between agriculture and energy prices introduces substantial uncertainty
into the biofuels market, and into agricultural markets on which biofuels depend.
Petroleum prices have historically been more volatile than the prices of agricultural
commodities used as feedstocks (Naylor and Falcon 2010); large swings in energy prices
can thus lead to major fluctuations in biofuel demand when the mandate is not binding.
Recent experience in the U.S. raises additional questions about energy price volatility.
Natural gas prices in the U.S. have plummeted since 2008 with rapid development and
deployment of horizontal drilling and fracking technologies for shale gas (Greenstone et
al. 2012). The gap between crude oil and natural gas prices has been increasing since the
beginning of 2009, but this trend is unstable. During the 12-month period from the
beginning of July 2011-2012, the price of light crude oil fluctuated from under $80/barrel
and to over $110/barrel.23 Declining natural gas prices have helped to lower costs of
ethanol refining, but ethanol’s competitive edge as a transportation fuel will be
diminished if crude oil prices, which are strongly correlated with gasoline prices, were to
remain under $80/barrel. Moreover, if natural gas-based transportation infrastructure is
widely developed in the U.S. in response to rising natural gas supplies and declining
prices, investments in new ethanol-based technologies such as flex-fuel cars or E85 fleets
could be crowded out.24

The correlation between crude oil prices and selected agricultural prices (maize, wheat, and soy) for the
period 2006-2011 was above 0.7 for all three commodities. The correlations between commodities over the
time period were 0.87 for maize-soy, 0.77 for wheat-soy, and 0.73 for maize-wheat (author’s calculations
based on IMF financial statistics deflated by IMF U.S. GDP deflator, 2005=100).
23
These prices are for light crude WTI (West Texas Intermediate). Brent crude has similarly fluctuated
within a higher range, peaking at almost $130/barrel in March 2012 and then falling by more than 30
percent to $88/barrel in June 2012. See www.oil-price.net (accessed July 10, 2012).
24
The replacement of oil for natural gas in transportation fleets can occur with: 1) the conversion of natural
gas to methanol, an alcohol with similar properties to ethanol; 2) the use of compressed natural gas (CNG)
22
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The major state of flux in energy and agricultural commodity prices in the first half of
2012 is indicative of the type of market uncertainty that is likely to prevail in the years
ahead. One could easily imagine a different scenario, in which crude oil prices were to
soar due to political disruptions in the Middle East (e.g., the blockage of the Strait of
Hormuz). In the absence of widespread natural gas technology or other transportation
fuel alternatives, such an event would cause the demand for biofuels to shoot up and stay
on a perfectly elastic course; that is, at a constant (high) price despite continued growth in
supply. This sort of reliance on biofuels—particularly first generation biofuels—would
have serious implications for agricultural demand and food prices. How large the shock
would be, and how long it would last, are highly uncertain.
Biofuel mandates and crop prices
A more predictable scenario is that the implementation of mandates for first generation
biofuels will lead to high and volatile prices for key feedstock commodities irrespective
of political disruptions. Rapid growth in the biofuels sector since the turn of the century
has broken the long-term downward trend in real agricultural prices that was caused
mainly by surplus production in advanced economies. Much of this surplus is now being
taken up directly or indirectly through the mandated use of biofuels. Enforced mandates
essentially create an additional and inelastic level of demand for crops used as feedstocks,
up to the point where the mandate is binding (Figure 4). With this new demand, any
supply shock (e.g., drought) will be amplified in the market, causing a larger price hike
than would be the case without the mandate. Moreover, if agricultural stocks decline as a
result of the expansion in biofuel mandates, price spikes will be even higher.

in light- to medium-duty vehicles using existing engine technologies; and 3) the use of CNG or liquefied
natural gas (LNG) in medium- to heavy duty vehicles. For more information, see Knittel (2012).
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Figure 4: Biofuels mandates create an added and inelastic level of demand for
agricultural commodities used as feedstocks*

* Adapted from Abbott et al. (2009)
Growth in the U.S. corn ethanol market, spurred largely by mandates, illustrates this
point (Naylor and Falcon 2011; Hertel and Beckman 2012). Between 2000 and 2010,
U.S. corn ethanol production grew by a factor of eight, and by the end of this period, 40
percent of domestic corn consumption went to the ethanol industry—surpassing use in
animal feeds for the first time on record. Domestic stocks-to-use for corn fell to 14
percent in the beginning of 2012, far below the levels for soy (22 percent) and wheat (31
percent).25 Low stock levels have fueled expectations in commodity markets associated
with speculative and, more important, non-speculative activity (Wright 2011). As a
result, corn prices have been highly volatile since 2006 and rising in real terms despite
continued growth in corn production. Allocating a greater share of corn to ethanol has
played a key role in international price movements, amplifying shocks caused by climate
and China’s recent entry into global corn market.26 Extreme heat and drought throughout
the U.S. in 2012, coupled with low stock levels and ethanol mandates, has driven corn
prices to an unprecedented peak, highlighting once again this pattern of volatility
(Babcock 2012).

25

USDA Production, Supply, and Distribution database http://www.fas.usda.gov/psdonline/ (accessed on
March 13, 2012).
26
Given the short time series by which to test the interaction between energy and agricultural price
volatility in the recent biofuels era, Hertel and Beckman (2012) apply stochastic simulation techniques and
use a general equilibrium model, GTAP (Global Trade Analysis Project), to assess the global economic
impacts of the U.S. renewable fuels mandate and blending wall.
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Price transmission and price-income effects
Understanding the food security implications of a global agricultural system linked to
energy markets requires both macro- and micro- analyses. At the macro level,
fluctuations in international agricultural prices affect food producers and consumers
within any country only to the extent that prices are transmitted from global to domestic
and local scales. Price transmission depends on a country’s exchange rate (which in turn
is a function of its macro-economic policy and financial capital flows), its trade policy,
and transportation costs (Naylor and Falcon 2010). Relative to three decades ago when
Food Policy Analysis was first published (Timmer, Falcon, and Pearson 1983), the
magnitude and rate of global capital flows have exploded, and the majority of countries
have transitioned from fixed exchange rates to some sort of flexible exchange rate
regime. Trade policies have also changed course. Progress on opening agricultural trade
through the WTO has proceeded slowly, and during the past decade, many developing
countries have sought to insulate their domestic economies from global food price
volatility. Several African nations have resorted once again to government-run marketing
boards (Jayne et al. 2010a), and other countries throughout the world have implemented a
variety of tariffs and quantitative controls in an attempt to protect domestic agricultural
producers or consumers (Naylor and Falcon 2008; Martin and Anderson 2012).27
Unfortunately, policies aimed at stabilizing domestic markets typically result in greater
instability in international markets, particularly when such policies are implemented by
countries that account for a large share of global trade (Timmer 2009; Timmer 2010;
Naylor and Falcon 2010; Martin and Anderson 2012).
Transportation costs have also factored into trade strategies. Global freight costs have
been relatively high and volatile since the mid-2000s due to fluctuations in crude oil
markets. In addition, poor infrastructure and high fuel costs in many developing countries
have resulted in wide CIF (import) and FOB (export) price bands that effectively insulate
domestic markets and stifle governments’ ability to drive food policy off of their trade
policy (Timmer, Falcon and Pearson 1983; Naylor and Falcon 2010). Generalizations
about price transmission across countries do not come easy. But understanding domestic
price dynamics is key for assessing economic behavior at the household and firm levels
in response to the expansion in global biofuels.
At the micro level, a set of own-price, cross-price, and income effects characterize the
nature of food security outcomes with respect to changes in agricultural commodity
prices. In addition, growth in the biofuels sector affects factor markets, as evidenced most
clearly through changes in land values. Following from the U.S. ethanol discussion
above, these price and income effects can be traced through an analysis of the corn
market. Corn is often considered to be a lynchpin commodity in the world food system
because of its multiple end uses in food, feed, fructose, and fuel, and because of its
substitutability with other commodities in these end uses (Naylor and Falcon 2011). In an
era of high prices, low-income households that are dependent on corn as a primary staple
food either eat less or allocate more of their incomes to food and away from other
Government attempts to stabilize domestic prices for key staple crops in sub-Saharan Africa have not
succeeded, particularly when the role of the private sector has been subordinated (Jayne et al. 2010a, b).
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expenditures.28 Since food comprises up to 80 percent (and sometimes more) of
household expenditures for the world’s poorest households, a jump in staple food prices
can have a devastating effect on nutrition, especially for girls and women who are fed last
in many cultures when food supplies are short. Corn is a primary staple in eastern and
southern Africa and in Central America, and most of the poorest households are net
consumers (Jayne et al. 2010b; Naylor and Falcon 2010). Their ability to substitute into
other low valued food commodities is limited, and thus price hikes for corn often
translate directly into increased hunger.
Because corn is used as feed, fructose, and fuel in the global economy, a variety of crossprice responses also occur when corn prices rise. On the demand side, livestock
producers and feed companies substitute away from corn and into wheat and other
substitute ingredients. Ethanol blenders and food processors dependent on fructose (e.g.,
the soft drink industry) similarly adjust their inputs to use sugar over corn at certain price
ratios. On the supply side, higher expected prices for corn linked to RFS mandates induce
area expansion and investments in technology, inputs, and capital that are reflected in
yield gains over time (Box 1). These partial-equilibrium dynamics become much more
complicated in the real world when supply chains, macro prices (exchange rates and
interest rates), trade policies, biophysical and nutrient constraints, factor markets, and
financial markets come into play. As a result, computable general equilibrium (CGE)
models have been developed to assess the economy-wide impacts of biofuels.29 The
bottom line with both approaches is that rising prices for corn due to the expansion of the
ethanol industry have far-reaching effects on other agricultural commodity markets
through substitutions in production and consumption, and on rural incomes and assets.
Similar analyses could be done for other first generation biofuel systems, such as
rapeseed-based biodiesel in the EU and its affects on the global vegetable oils market, or
sugar-based ethanol in Brazil and its effects on land and labor markets.

Box 1: Direct and indirect effects of biofuels growth - the U.S. corn-ethanol case30
Growth in first generation biofuels alters prices of staple food crops through direct and
indirect channels, as illustrated by the hypothetical example of U.S. corn-ethanol (Figure
B-1). Creating a new level of demand for corn as an energy crop leads to price increases
for corn, wheat, and soy in the short run in the absence of significant yield growth or crop
area expansion. The ripple effects are seen in pristine land areas cleared for agriculture
(e.g., conservation land in the U.S. or rainforests in Brazil), on the livestock sector, and
on consumers of these staple food commodities—and they depend importantly on yield
The theoretical foundation of this behavior is based on the Slutsky equation (which shows that the ownprice response is a function of a pure substitution and an income response), and Timmer’s Law (which
shows that poor households are affected more than wealthier households by staple price increases because
their budget shares for food are higher). See Timmer, Falcon, and Pearson (1983).
29
There is a wide body of literature focused on economic assessments of biofuels using computable
general equilibrium models, which is reviewed only partially in this chapter. For a broader review of the
CGE studies, see Timilsina et al. (2012) and Zivin and Perloff (2012).
30
Adapted from Naylor et al. (2007).
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responses to rising prices over time. The magnitude of impact depends on adjustments in
grain, oilseed, and livestock markets, and on price transmission domestically and
internationally.
The food security implications of biofuels expansion must be considered in the context of
food-feed-fuel linkages. Corn designated for ethanol in the U.S. returns roughly 30
percent of its volume to the livestock (mainly cattle and dairy) sector. Distiller grains are
thus important by-products of the ethanol industry, contributing 15-20 percent of total
revenue from ethanol processing.31 Similar livestock feed by-products are produced from
other forms of ethanol and biodiesel production worldwide. If these by-products are
ignored in the analysis of biofuels, the implications for price consequences will be
overstated, and the profitability of the biofuel sector will be understated (Taheripour et al.
2010).
Figure B-1. Dynamics of a biofuels-induced increase in demand for corn in the US

Notes: Y-axis = price; x-axis = quantity. D = demand curve; S = supply curve. Panel (1) – rising
demand for corn leads to growth in supply along the curve that includes production at higher
marginal costs. Panel (2) – longer run shift in supply due to technical change induced by higher
prices. Panel (3) – higher corn prices increase demand for wheat in livestock markets, causing
wheat prices to rise. Panel (4) – greater area sown to maize reduces area planted to soy, causing
soy prices to rise.

Approximately 40 percent of ethanol plants in the U.S. produce wet distiller grains and 60 percent
produce dry distiller grains. For more information on the role of by-products for livestock feeds, see
Taheripour et al. (2010), Mitchell (2010), and Naylor and Falcon (2011).
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Factor market effects
The rising demand for agricultural crops for food, feed and fuel has caused land to
become an increasingly scarce factor of production at national and global scales. Over the
short term, rising land scarcity and limited supply chains servicing land that is available
suggests more inelastic agricultural supply (Abbott et al. 2011). The agricultural sector is
unique relative to other sectors of the economy (with the exception of forestry) in its
fundamental dependence on land. Creating additional value from agriculture through its
use as fuel is thus reflected in greater marginal returns to land and higher land values,
both for land dedicated to feedstock crops and for land planted with substitute crops.
With well-functioning land markets, marginal returns to land are equated across crops,
raising land values across the board (ibid.). In the U.S., for example, higher corn prices
have been capitalized into high farmland values that mirror the record-breaking farm real
estate spike of the early 1980s (Duffy 2011).32
Several CGE models have been developed to capture the effects of biofuels growth on
land markets (as reviewed in Timilsina et al. 2012). These models differ in their treatment
of crop yields, biofuels feedstocks and policies, land use, and trade, but generally show
increased land values over the longer run. Yield growth in response to higher commodity
prices and land values is critical to keeping land use change in check over the longer run
(ibid.).33 However, as Lobell points out in his paper for this series, ensuring future growth
in crop yields will become increasingly challenging in the face of global climate change.
Using recent history as a gauge, biofuels are likely to have a major impact on global land
use. Abbott et al. (2011) show that farmers have responded to the new agricultural
demand since 2005/2006 by bringing new land into production, and by shifting away
from crops that are not directly or indirectly related to the biofuels sector and into highdemand crops (Figure 5). For 13 of the world’s major food crops, harvested area
increased by 38 million hectares (three percent of current global agricultural land use)
between 2005/6 and 2010/11. Only 30 percent of this land came from crop substitution,
and 70 percent resulted from new area expansion. The major first-generation biofuels
crops and their substitutes in staple food production and consumption accounted for most
of the growth (sugar was not included as a staple food). In the U.S., land area for major
food crops has remained fairly constant since 2005; most of the growth in corn area has
come from substituting out of other crops and out of land dedicated to conservation. By
Farm real estate values in the U.S. corn-belt rose from an average of $2500/acre in 2005 to $3500/acre in
2010 (with the top state, Illinois, surpassing $4000/acre). These values are almost identical to the highest
values recorded during the 1980 land value spike in the U.S. (Farmdoc.com). The difference between the
two periods is that interest rates in the current period have been hovering close to zero, reinforcing the fact
that land is an excellent investment in the U.S., especially with expected high returns stemming from the
RFS mandates.
33
The CGE model developed by Timilsina et al. (2012) uses an explicit land use module and detailed
biofuel sectors and targets for countries throughout the world; it suggests significant reductions in pasture
and forest land by 2020 in some key countries, but only moderate price increases for food commodities
(with the exception of sugar) due to yield responses over time.
32
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contrast, sub-Saharan Africa has experienced widespread acquisitions of undeveloped
land during the past decade, a topic that is discussed further in the following section.
Figure 5: Change in global harvested area for 13 major food crops (2005/6 to
2010/11)

Source: Abbott et al. (2011)

The increased value of agricultural production related to biofuels also feeds back to
higher wage rates in agricultural production and processing, with potential spillovers to
other sectors of the economy depending on the size of the biofuel industry (Ewing and
Msangi 2009). For example, wages in the sugarcane and ethanol industries in Brazil have
risen with the expansion of ethanol over the past few decades (Smeets et al. 2008), as
have human development indicators in regions where sugar and ethanol processing have
become major activities (Martinelli et al. 2011). The degree to which agricultural
commodity prices influence rural wages, and in turn poverty alleviation and food security
in the developing world depends on the share of agriculture and biofuels processing in the
region’s economy, labor mobility, employment conditions and contracts, and the rate of
food price increase affecting inflation-adjusted earnings and food access for low-income
households. Although biofuels growth can enhance rural incomes, it can also decrease
food supplies and access for the poor (Rosegrant et al. 2008; Timilsina et al. 2012).
Biofuels development in food insecure countries
There are clearly pros and cons to biofuel expansion in countries that have persistently
high rates of hunger, virtually all of which are agrarian economies. On the one hand, high
and volatile prices hurt low-income net consumers in rural and urban areas who spend the
18

majority of their income on food. In addition, high agricultural prices in international
markets create fiscal challenges for governments in net grain and oilseed importing
countries. On the other hand, developing a domestic biofuels sector can help countries
achieve greater energy security, and can promote rural development, agricultural
employment, and income growth. The main problems with an agricultural development
strategy based on domestic biofuels growth are: 1) it can displace crop production for
direct food consumption; 2) it can increase local food prices and land values, and induce
speculative activity in domestic land markets (“land grabs”); and 3) it can create
opportunity costs with respect to development spending on alternative objectives such as
health and education, and it can alter current account balances with wide-reaching
macroeconomic effects (Arndt et al. 2010; Mitchell 2010).
Any welfare assessment of biofuels in food insecure countries should thus consider both
micro- and macroeconomic aspects of development, and clearly identify the strategy of
development that is being pursued. Mitchell (2010) outlines three distinct phases of
biofuel development in low-income countries, each of which requires different levels of
policy support, institutional capacity, trade activity, and regulatory oversight. The first
phase entails the production of agricultural feedstocks for export and for limited use in
local transportation and small-scale stationary energy uses. For example, countries might
invest in sugar production for export to ethanol refiners, or in jatropha production for
export as straight (unprocessed) vegetable oil (SVO) for the biodiesel industry or for
local energy use. Projects at this stage are focused mainly on export crop promotion, rural
income enhancement, and seasonal risk management of incomes; however, such projects
might impose tradeoffs in local resource use (land, water, nutrients) with food crops for
domestic consumption. The second phase of development revolves around the production
and export of processed biofuels, with the aim of filling gaps in renewable fuels mandates
in other countries, and taking advantage of preferential trade access that might be
available to U.S., EU, and other markets. A portion of the biofuels production, most
likely in the E5-10 and B5 range, might also be allocated to domestic fuel use. Projects at
this stage require more direct involvement of the private sector and more thorough
development of supply chains, fuel quality regulation, and infrastructure than in the case
above. The third stage includes the production and retail sale of biofuels for domestic
transportation use at larger scale, and requires significant institutional capacity,
infrastructure development, and government support. In order to promote domestic fuel
security and rural agricultural investments, the blending target might be set at E85 and
B85 depending on domestic resource availability.
How do these different strategies play out in terms of food security and rural income
growth? Arndt et al. (2010) present a useful framework for evaluating biofuels projects in
developing countries, with a specific eye on sub-Saharan Africa (Table 1). Starting at the
household level, the consequences of biofuels development on human welfare depend on
trade-offs between feedstock and food production, seasonal income earning opportunities
for families engaged in the biofuel sector, and household labor allocation—particularly
for women who dominate the farm sector and play a pivotal role in household food
production (UNDP 2012; Arndt et al. 2012). At the farm or firm level, successful
investments in biofuel feedstock and refining activities depend on production costs
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(including the value of family or hired labor), seasonal labor requirements and
constraints, market profitability, international competitiveness, and price volatility. These
variables, in turn, are a function of infrastructure, supply chain development, and
agricultural policy.
Table 1: Framework for evaluating biofuels investments
Level of analysis
Household
Farm or Firm
Macroeconomic
Environment

Consideration
Income, poverty, labor allocation, and food security
Production costs, international competitiveness
Profitability, price volatility
Taxes, public investments, and fiscal balances
Employment, resources, and growth linkages
Water use, wildlife corridors, GHG emissions

Source: Adapted from Arndt et al. (2010)

Moving from the micro- to the macro- level, interest rates, exchange rates, and factor
mobility (labor, credit) play a key role in the success of biofuels investments, as do public
investments in infrastructure (e.g., roads and ports), fiscal policy (tax exemptions and
budget balances), and trade agreements. For example, attracting international investments
in the biofuels industry is likely to entail large public sector investments, as well as tax
exemptions on fuels and exports—all of which could deplete government revenues that
might otherwise be used for the smallholder agriculture sector, domestic water
infrastructure, health clinics, and other development priorities.34 Finally, at the local to
national scale, the ability to meet land and water requirements is critical for the success of
biofuels development. How access rights are designed and enforced for land and water
use have major implications for production capacity and income distribution. Moreover,
the structure and enforcement of wildlife corridors and environmental regulations (e.g.,
water pollution from refining, air pollution from burning) are important for human health,
ecosystems, and tourism revenues. Given these wide-ranging consequences for human
welfare, government budgets, and the environment, strategies to promote rural
development and energy security through the biofuels industry must be analyzed with
great care, particularly for food insecure countries.
Biofuels development in sub-Saharan Africa
The biofuels sector may be an attractive target for development in sub-Saharan Africa for
several reasons. There are large untapped land holdings available for further agricultural
development throughout the continent, and there is a desire by many countries to promote
export crops for foreign exchange earnings. More generally, the biofuels sector provides
Fiscal balances are an important component of the welfare outcome. In many countries, transportation
fuel is taxed heavily and adds to government revenue, but biofuels investors often demand tax exemptions
for blending and distributing fuel, as has been the case in the U.S.
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an opportunity to enhance agricultural investments and develop supply chains for rural
income growth and improved food security. It also provides an avenue for countries to
meet their large and rising fuel needs. Much of sub-Saharan Africa remains energy
insecure for transportation, cooking, lighting, heating and cooling, and production
activities (Nussbaumer et al. 2012). Fuel prices throughout the continent are roughly
double those in other competitive regions (and even higher for landlocked countries), and
the demand for transportation fuel is expected to grow by more than 5 percent per annum
through 2020 with continued population and income growth (Mitchell 2010).
Several African countries have adopted biofuels blending targets or mandates, and
provide subsidies at different stages in the value chain (IEA 2011; Gerasimchuk et al.
2012). There are a wide variety of crops that can be used for biofuels in the region,
including sugar (cane and molasses), maize, cassava, sweet sorghum, jatropha, castor
beans, and palm oil. Some of these crops, especially maize and cassava, have large
tradeoffs with food consumption and are not widely used as fuels. The two leading
biofuel feedstocks in the region are molasses and jatropha, neither of which is a staple
food commodity (jatropha is toxic for human consumption).35 Africa has a long history of
sugar production with supply chains already in place in several countries, and
investments in sugar-based ethanol benefit from decades of technological development in
Brazil. Sugar tends to be a water-intensive crop, however, which limits production and
imposes major opportunity costs with respect to staple food production given that less
than five percent of agriculture in sub-Saharan Africa is currently irrigated. Jatropha, on
the other hand, can be grown under marginal, drought-prone conditions by smallholders.
The drawbacks are that there is no history of crop breeding in jatropha, very little
experience in jatropha-based biodiesel production, and no human consumption value to
the crop if the fuel market fails. Moreover, although the crop can be grown under
marginal conditions, yields are substantially higher when fertilizers, irrigation, and other
inputs are used (Ewing and Msangi 2009; Altenburg 2011). Labor requirements for
jatropha production are also very high because the seeds ripen throughout the year and
need to be picked by hand. As a result, labor availability and costs are often the major
constraint on growth of the jatropha industry (Mitchell 2010).
The implications of biofuels development for food security in sub-Saharan Africa revolve
around a few key issues. First, the level of government support needed to attract foreign
investments for commercial-scale growth in feedstock and biofuel production often
involves commitments to build infrastructure and provide tax exemptions or subsidies
that diminish budget revenues for other development priorities that might enhance food
security. A related issue is that large-scale expansion of feedstocks requires land and
water, which raises a series of thorny questions about property rights and access to
resources. Much of the unoccupied land on the continent is state-owned, and individual
countries have different statutes related to customary land rights and the ability to own or
lease real property on crown land. The ambiguity in and high potential value of land
Molasses is one of the lowest-cost commodities that can be used as an export or in domestic production
of ethanol, but it is not as high yielding as sugarcane. The latter has higher trade-offs as a food commodity
and also higher production costs. See Mitchell (2010) for further details on production practices and costs
of alternative feedstocks and biofuels in Africa.
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ownership has led to widespread land acquisitions (also referred to as “land grabs”) by
foreign companies, global financial companies trading land-based assets, and individuals
within and outside of Africa who see land as a lucrative investment—especially since
other financial investments have lost value since 2008 (Kugelman and Levenstein 2012).
The International Land Coalition estimates that over 31 million ha of land was sold in
sub-Saharan Africa between 2000 and 2011; the largest regional purchaser was Asia
(38%), followed by Africa and Europe (each ~20%) and North America (~10%).36
During the past five years, the main targeted use for this acquired land (~40%) has been
biofuels (Schoneveld (CIFOR) 2010), although only a portion has been cultivated to date.
There is clearly a speculative component to land transactions in Africa that differs from
the more structural factors influencing land market sales in the U.S. and other fully
developed agricultural systems.37 How these land acquisitions affect smallholder
production in Africa—and particularly the ability of poor households to secure land
assets, water, and other inputs such as fertilizer relative to larger landholders coming into
the region—is a critical factor influencing food security in the region (as discussed in the
paper by Jayne et al. in this series).
Despite the focus on land acquisitions in sub-Saharan Africa, there are many
opportunities for smallholders to engage in biofuel activities, either as outgrowers selling
their product to a central processing firm, or as employees on larger estates. In some
locations, farmers also lease their land to biofuel producers, or grow and process small
amounts of oil from jatropha or other oil seeds such as castor beans for small-scale local
use. There are several case studies of biofuel operations in eastern and southern Africa
showing the outcomes of various value chain arrangements (see for example, Ewing and
Msangi 2009; Mitchell 2010; Arndt et al. 2010; Negash and Swinnen 2012). In virtually
all cases, these operations are foreign owned, and they either employ agricultural workers
or have some sort of contracting arrangement with smallholders. The latter can provide
additional income on a year-round basis and thus reduce seasonal risks of income loss;
they can also lead to the creation of supply chains that have positive spillover effects on
local staple crop systems (Negash and Swinnen 2012). One of the main lessons from
these studies, however, is that supply chains are commonly the limiting factor for
success. It is often difficult to achieve sufficient expansion for economies of scale, and
the ability of outgrowers to remain profitable is frequently constrained by their lack of
credit and other inputs (Mitchell 2010). Although government support is usually strong
for these projects, the institutional capacity is often insufficient to manage risks, ensure
stable prices, and enhance smallholder productivity. But the industry is at a nascent stage,
and some of these constraints could be overcome in the future.
Biofuels development in India
Like sub-Saharan Africa, India continues to experience widespread food and energy
insecurity despite rapid income growth. In order to encourage the production and use of
See the Anseeuw et al. (2011) report on “Land Rights and the Rush for Land”,
http://www.landcoalition.org/cpl/CPL-synthesis-report, accessed July 19, 2012.
37
For a discussion on the structural features of U.S. farmland values, see Gloy et al. (2011).
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renewable fuels as the demand for transportation fuel escalates, the Government of India
approved a National Biofuels Policy in December 2009 (Aradhey 2011). This policy
establishes an indicative blending target of 20 percent for both ethanol and biodiesel by
2017—it is suggestive (not a hard mandate) because the country has struggled to supply
sufficient feedstocks to meet its target in the past (ibid.). The policy also includes a suite
of support prices for feedstocks and biofuels, as well as various tax exemptions. Given
the state of food insecurity in India (as discussed by Binswanger and Banziger in this
series), the aim of the policy is to develop non-edible feedstocks—mainly sugar and
jatropha and other native tree-based oilseeds.
Despite good intentions, the country faces some major challenges in meeting its biofuels
targets over the next five years. India is the world’s second largest sugar producer after
Brazil (Aradhey 2011), but its production has been highly volatile during the past two
decades (Landes 2010). Sugar production is dominated by small-scale producers who
often have limited access to inputs and thus variable yields. Land ownership laws in the
country prevent vertical integration (e.g., refining mills cannot own land or invest directly
in feedstock production), and prices offered by blenders are often too low to cover
feedstock production costs. At the same time, the sugar industry (and the molasses subindustry) is heavily regulated, with government controls on prices, mill capacity,
domestic consumption, and trade. The combination of production volatility and
widespread inefficiencies in the sector has limited India’s ability to meet its ethanol
targets to date (Raju et al. 2009). Moreover, the share of sugar area that is irrigated is
between 90-100 percent in most regions where it is grown (Landes 2010), which raises
serious questions about the allocation of scarce water supplies for fuel versus food. If
sugar remains the target feedstock for ethanol production in the future, its drain on
available water resources could have large impacts on the nation’s food security,
particularly in light of climate change (see Lobell’s paper in this series).
In addition, growth in India’s biodiesel sector has been dependent in the past on imported
soy and palm oil from Southeast Asia and South America, which has implications for the
country’s foreign exchange reserves, as well as for tropical deforestation and climate
change. Foreign investments are now being encouraged to support domestic jatropha
production as a feedstock.38 However, most of the production is occurring under marginal
conditions, and as in the Africa case, producers experience poor yields, low prices, and
high labor costs. It is unlikely that jatropha will become cost-competitive with fossil
diesel or imported vegetable oils in the future. As a result, the prospects for commercial
jatropha-based biodiesel to generate rural economic growth and improve food security
are limited.
Finally, and perhaps most important, the National Biofuels Policy was approved at the
federal level, but it must be implemented at the state level. Political and institutional
Jatropha is also commonly planted as a boundary hedge crop to protect crops and prevent soil erosion,
which provides modest additional income to farmers without tradeoffs to agriculture and livestock systems.
More dispersed plantings of jatropha in forest systems or along rail lines have not contributed much to
feedstock production, because even very poor households find the labor requirements too high and the
returns too low to collect the seeds (Altenburg 2011).
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conditions vary highly among states, as do socioeconomic variables and the nature of
biofuel value chains (Altenburg 2011). Individual states also have different norms and
goals surrounding the biofuels sector, varying sets of favored constituencies, and distinct
realms of political power and organization. These factors result in a wide array of prices
and tax structures, and complications in interstate trade of feedstocks and biofuels (ibid.).
At the federal level, regulatory oversight of the biofuels industry is complex, involving at
least five ministries (Raju 2009; Evans 2010). India’s success in meeting its renewable
fuel targets through first generation biofuels—to say nothing about enhancing rural
incomes and food security—hinges in large part on resolving these inconsistencies
between state and federal directives. Even if they were resolved, the complicated sociopolitical context underpinning biofuel activities at the state level is still likely to constrain
biofuel expansion in the future (Altenburg 2011).
Conclusion
The wide range of food security and policy issues reviewed in this paper suggest that the
global expansion of liquid biofuels (ethanol and biodiesel) is indeed changing the nature
of agricultural demand and rural development. Three main themes emerge from the
chapter. The first theme surrounds the issue of uncertainty that dominates any discussion
of future biofuels growth. Given the tight linkages between the agriculture and energy
sectors, the realm of uncertainty is vast. It includes, for example, fluctuating trends in
energy supplies and prices, particularly in light of natural gas investments in the U.S. and
political tensions in the Middle East; uncertainties in global financial systems, economic
growth, and energy demand; unclear trajectories for the commercial viability of advanced
(second and third generation) biofuels; and extreme heat waves and droughts that cause
crop prices—and hence first-generation biofuel feedstock prices—to spike. Volatility in
crop and energy prices creates additional uncertainties in the policy domain. In the case
of the U.S., the world’s largest biofuel producer and supplier of grains to the international
market, such volatility could lead to important changes in renewable fuel mandates,
blending requirements, waivers, and regulations on biofuel production—all of which
would affect global food prices and food security.
The second main theme relates more specifically to government policies and the
development of supply chains that such policies have supported. One of the key lessons
from the U.S. ethanol and EU biodiesel examples is that there is no such thing as a “clean
slate” when it comes to agricultural policy. Biofuel subsidies and mandates have created
new price dynamics in international grain and vegetable oil markets, but they follow from
an already distorted global food economy that has been characterized by subsidized
production, surplus dumping, and high levels of trade protection in many industrialized
countries. The downward trend in real prices that dominated international agricultural
markets during the second half of the 20th century—viewed by many analysts as the
leading disincentive for global agricultural investment in developing countries—was
reversed in the first decade of the 21st century with rapid growth in biofuel demand
(Swinnen 2011). Whether this shift is good or bad for global food security remains hotly
contested and depends largely on the time frame of analysis and assumptions on
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agricultural investments and yield growth in response to changes in crop prices. But one
underlying condition is clear: the 21st century biofuel boom would not have occurred
without substantial government subsidies and without the prior existence of supply chains
that could support the ethanol and biodiesel sectors in the U.S., EU, and Brazil. In
particular, policies that led to the emergence of strong private sector involvement in the
agricultural and energy sectors were critical for the successful development of biofuel
industries that were capable of capturing potential economies of scale.
The third and final theme draws on these points and addresses the question: Given the
uncertainties and public sector costs surrounding the development of liquid biofuels,
should developing countries facing high rates of food and energy insecurity invest in the
industry? There is no universal answer to this question; each country must evaluate its
own economic and resource situation, and its institutional capacity. This evaluation must
be done with skill and great care, because the stakes for rural development, hunger,
resource depletion, and inequality are high. Adopting a strategy for biofuel growth as a
means of stimulating the agricultural economy, addressing domestic transportation fuel
needs, and enhancing foreign exchange reserves will require the creation of wellfunctioning supply chains that can generate economies of scale. To date, small isolated
plants with new sources of feedstocks (e.g., jatropha) have thus far been too costly.
Public investments in agricultural productivity and infrastructure, as well as fuel
mandates and tax exemptions for private companies that are needed to build supply
chains and ensure long-run demand for biofuels, will have large opportunity costs in
terms of fiscal expenditures, land and water resources, and political capital.
Arguably the most prominent opportunity cost related to biofuels development is the
trade-off with domestic food supplies that support local and regional markets. This trade
off involves land and water resources as well as labor allocation. In many cases, the
reallocation of family land, domestic water supplies, and women’s labor (which
constitutes the majority of agricultural labor in sub-Saharan Africa) from food crops into
biofuel feedstocks leads to a reduction in household food production and deteriorating
health for family members. The sum of losses at the micro-level could thus erode wellintentioned development targets at the macro-scale. Increased biofuel production and
improved food security will be a very delicate marriage for most developing countries.
There are already many signs—highlighted by worsening resource inequality in several
nations—that the marriage may not be blissful and lasting.
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Cassman. 2007. The ripple effect: Biofuels, food security, and the environment.
Environment 49(9): 30-43.
This paper provides technical details and economic analysis of the modern crop-based
biofuels boom in its early stages of growth. Written by an interdisciplinary team of
scholars from Stanford University and the University of Nebraska, it explores the food
security and environmental dimensions of the biofuels industry around four case studies:
U.S. maize production for domestic ethanol; Chinese cassava imports for domestic
ethanol; expansion of Brazilian sugarcane and soy for global ethanol and biodiesel; and
Indonesian palm oil growth for global biodiesel. The paper also provides analyses of
cellulosic biofuels potential, and of energy yields and greenhouse gas mitigation potential
of leading biofuels. Although the biofuels industry has continued to develop since the
publication of this piece, it provides a solid framework for evaluating food security and
environmental impacts of the sector.
Schmidhuber, J. 2007. Biofuels: An emerging threat to Europe’s Food Security?
Notre Europe Policy Paper 27, May.
Also published at the early stage of 21st century biofuel expansion, this paper provides a
European perspective on the implications of crop-based ethanol and biodiesel for
agricultural markets, prices and food security. The paper is written by a senior economist
at FAO and covers both the theoretical and empirical aspects of agriculture-energy
linkages via biofuels. It is particularly useful is describing the process of price
transmission and how renewable fuel mandates and energy prices can create a floor and
ceiling price for biofuels feedstocks. The economic analysis throughout this report is
excellent.
Farm Foundation Series on Global Agricultural Markets
http://www.farmfoundation.org/issuereports.aspx Accessed 8 August 2012.
a) Abbott, P., Hurt, C., and W. Tyner. 2011. What’s driving food prices in 2011?
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b) Abbott, P., Hurt, C., and W. Tyner. 2009. What’s driving food prices? March
2009 Update. Farm Foundation Issue Report (March 2009)
c) Abbott, P., Hurt, C., and W. Tyner. 2011. What’s driving food prices? Farm
Foundation Issue Report (July 2008)
This series of economic reports written for the Farm Foundation by Philip Abbott,
Christopher Hurt, and Wallace Tyner at Purdue University provide a comprehensive
overview of how the biofuels sector—and the U.S. ethanol industry in particular—have
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Stanford Center on Food Security and the Environment series on global food price
volatility and biofuels: http://foodsecurity.stanford.edu/ Accessed 8 August 2012.
a) Naylor, R.L. and W.P Falcon. 2008. Our daily bread: Without public investment,
the food crisis will only get worse. The Boston Review September/October.
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era. The first paper describes the 2008 global food crisis, when energy and agricultural
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countries.
Ewing, M. and S. Msangi. 2009. Biofuels production in developing countries:
assessing tradeoffs in welfare and food security. Environmental Science and Policy
12: 520-528.
This paper provides an excellent grounding for understanding the potential economywide impacts of biofuels growth on developing economies. It outlines the key energyagriculture linkages that affect economic growth and food security, and discusses the
policy context of biofuel development. The paper is most useful in its construction of an
economic framework that provides the intuition for general equilibrium modeling. The
authors have subsequently contributed to a series of biofuels papers based on computable
general equilibrium (CGE) model analysis (cited in references).
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Mitchell, D. 2010. Biofuels in Africa: Opportunities, prospects, and challenges.
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This report by Donald Mitchell at the World Bank represents the “book” on biofuels in
Africa. In addition to providing a general understanding of the issues (which is
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Discussant comments on “Biofuels: The changing nature of agricultural
demand”
Siwa Msangi, Senior Research Fellow, International Food Policy Research Institute
The range of issues covered in this seminar was considerable, and I commend Roz
Naylor for covering the topics of food, environment, and energy in such a nuanced
fashion. I also want to thank the organizers of this Stanford symposium for allowing me
the opportunity to provide commentary and reflection on the very interesting and
complex topic of biofuels and their impacts on agricultural markets, livelihoods, and the
environment.

Price impacts and market interactions
My first point has to do with the linkages between biofuels and prices – both agricultural
and non-agricultural – that came out strongly in Roz’s talk. The debate over the influence
of biofuels growth on prices in agricultural commodity and food markets has been active,
and Roz’s overview pointed to many of the arguments connecting biofuels to rising food
prices. Earlier papers have tried to tease through the complex interactions between
market price spikes and the numerous underlying drivers of change (von Braun 2008,
Trostle 2008, OECD 2008); a more recent study by Headey and Fan (2010) tries to
discuss the comparative strength of these market determinants on food prices in order to
differentiate the trade policy-driven effects on rice prices from those on US-dominated
maize markets. It is important, however, to distinguish between the causality of biofuels
growth on prices versus the underlying policies that govern biofuels themselves. Whereas
many authors would lay the blame of maize price spikes on specific policies such as the
US ethanol tax credit and blending mandates, others (Babcock 2010) make a more
nuanced analysis to isolate the effect of those tax credits versus other macro-economic
drivers and influences that led to the rapid growth of maize-based ethanol in the US.
Babcock’s analysis shows that the rapid growth in US ethanol production in the 20052007 period had less to do with the tax credit and more to do with favorable oil and maize
prices. These favorable prices allowed early entrants into the ethanol sector to realize
sizable returns to investment and encouraged further investment and expansion of
capacity. Although expansion of production capacity and actual ethanol production
remains the dominant driver that pushed up the prices of maize in domestic and
international markets, the underlying causality of biofuel policy is much weaker in
Babcock’s assessment.
In terms of the actual impact of biofuel-driven price increases on poverty levels and other
measures of welfare, there are now improved assessments of the distributional impacts of
the 2007-08 price spikes. For example, de Hoyos and Medvedev (2009) use householdlevel data from a wide selection of countries to infer the welfare impacts of price shocks
(see also Ivanic and Martin (2008)). While a number of countries in South East Asia and
Latin America show benefits accruing to households who were net sellers of the
commodities undergoing price increases, they do simulate an increase in poverty in South
Asia and sub-Saharan Africa. Their results also show overall lower levels of price

volatility within domestic markets compared to international prices. de Hoyos and
Medvedev’s conclusions emphasize the importance of price transmission between
international and local markets in determining the degree of household impacts due to
price changes. This point is worth bearing in mind when making arguments about welfare
impacts in developing countries that come from demand side shocks in international
markets. Within each region and country, there is also a great degree of heterogeneity
across household types that will determine the ultimate distribution of these impacts.
Although not yet published, results coming from the country-level analysis of China for
the ‘Biofuels and the Poor’ project (Huang et al. 2011) show that many rural households
benefit from the higher prices induced by biofuels growth due to the facts that most are
net producers and everyone has access to land. The effects on livestock producers, by
contrast, are negative due to the increase in feed prices; a similar effect experienced by
US livestock producers.
I want to draw attention to two other aspects of Roz’s price discussion. First, all price
increases are not equal. In general, it is better to have steady and relatively slow-moving
increases in prices rather than sudden and transient price spikes in the market. In the case
of the former, farmers are better able to mobilize resources and capital, make adjustments
to production practices, and even adjust crop area if price changes are sustained and
gradual. In the case of sudden shocks, there is much less room for supply-side
adjustment. Net consumers are especially vulnerable, since they are less able to adjust
expenditure on quasi-fixed categories like housing and durables. Net consumers tend
instead to make cuts to food intake or to pull children out of school, responses which
have dynamic and long-lasting consequences, especially when the curtailment of
schooling happens for girls (Holmes et al. 2008).
The second point is that, on a smaller scale, there are some food markets that can
influence how energy markets adjust (e.g. Brazilian ethanol). Although I do agree with
Roz’s general point that the asymmetric impact of energy markets on agriculture can
never be matched in the reverse, the dynamic and flexible nature of ethanol and sugar
markets in Brazil allows producers to reduce production in one market in order to
increase volume in another. The steady increase of sugar prices and export demand from
Brazil has caused its domestic ethanol production to decrease. That, in turn, has
necessitated US maize ethanol imports to satisfy ethanol demand of Brazil’s expanding
flex-fuel vehicle fleet. Higher ethanol prices in Brazil (due to decreased production) and
relatively lower prices of US maize-based ethanol (due to increased production) make
imports attractive; a situation likely to persist in the near-term (Babcock 2010). The
impact of food (sugar) prices on energy (ethanol) market dynamics is strengthened by the
capacity constraints that currently exist in the Brazilian sugar sector, preventing the rapid
expansion of production to meet the demands of both markets. Flexibility in producing
products for multiple markets from the same feedstock is not shared by all biofuelproducing countries, and is a unique feature of the long history of investment that has
gone into developing the ethanol sector in Brazil.

Multiple uses of biofuel feedstocks and products
One of the major issues that I see as critical in the economic success of the biofuels sector
is that of multiple uses for the biofuel feedstock, its final product, and its various byproducts that are generated in production. It is this type of flexibility that has helped the
growth and competitiveness of the Brazilian ethanol sector up to the present. When
considering a feedstock like jatropha, this is where its problematic aspects come out. It
does not have readily usable by-products and it produces a non-edible oil. If jatropha’s
cost-competiveness as a biofuel deteriorates under adverse changes in market conditions,
producers cannot find alternative uses for the crop.
Taking Tanzania as an example of a country with considerable investor interest and
biofuel feedstock production potential (FAO, 2010), the company ‘EcoEnergy’ (formerly
operating under the name SEKAB) has taken a different approach to its ethanol
production. It is wholly dedicated to the production of sugar for the food market,
knowing that sugar demand is likely to continue growing within the region. By focusing
on boosting productivity in sugar production, they are able to lower their costs and
reliably supply a growing food market, yet they are still able to convert the molasses
produced into ethanol for additional revenue. This approach – which can be characterized
as ‘food first’ – seems to make sense for a country like Tanzania, and might be a good
approach for others to follow, even using other crops. Oil crops like rapeseed or
sunflower are possible examples where the growing domestic and global demand for food
oils can be met with high-volume production, while still leaving the producers flexible to
sell the oilseed itself for export and processing elsewhere. Alternatively, these oilseeds
can be crushed for oil, thereby producing a useable by-product (oil cake) that can be
marketed as livestock feed. For those African countries that are not well-suited to
producing higher-yielding oil palm, these kind of oilseeds can be a viable alternative. The
use of those oilseeds for biodiesel production would be secondary to their primary value
in food production; however if market conditions were to change in a way that is
favorable to blending, the producer would have several options.
The kind of production flexibility that is alluded to in these examples presupposes that
there is a relatively high degree of vertical integration in the biofuels enterprise, a
desirable characteristic of a viable biofuels sector (Hazell and Martin 2011). This ability
to integrate vertically, along with the achievement of high levels of feedstock
productivity, and the procurement of a stable source of market demand are key criteria
for sectoral viability proposed by Hazell and Martin. Yet these criteria are the
characteristics lacking in a number of countries that are currently pursuing biofuels
programs (Mitchell 2010).

The problematic nature of jatropha
Roz discussed the use of jatropha as a biodiesel feedstock, and some of its attributes that
have been attractive to its proponents and problematic to its critics. I would like to spend
some time discussing jatropha, given the degree to which it has been promoted as a
biodiesel feedstock in Africa as well as in Asia. As Roz rightly pointed out, jatropha can

survive under adverse conditions and on marginal lands, but these conditions also lead to
marginal yields. Such yields are not suitable for a biofuel enterprise that is trying to
achieve commercial scale. The current yields of jatropha under rainfed conditions are
simply too low (no more than 3 mt/ha) to sustain the levels of jatropha-based biodiesel
production that are predicted by its more enthusiastic proponents. There has been
virtually no systematic effort at genetic improvements of jatropha, and most field trials
have centered around trying to improve yields with different agronomic practices on the
predominant jatropha curcas variety that has been promoted in Asia and Africa (Hazell
and Evans 2011). Given the much greater genetic variety of jatropha that exists in Latin
America, some experts foresee much greater improvement in crop traits if jatropha were
to undergo an intensive investment program of crop improvement over the coming ten
years (Hazell and Evans 2011).
In the absence of such an R&D effort, an unacceptable amount of risk is being transferred
to smallholders when jatropha is promoted as a feedstock for large-scale commercial
operations and smallholder outgrowing schemes. In addition to the lack of readily-usable
by-products for feed (like other oil crops), the low-yielding nature of the crop (in the
absence of additional inputs like water and fertilizer) and the absence of a well-defined
and operating value chain make the prospects for success rather dim, at least on a
commercial scale. Those who may choose to crush the pods for oil that can be used to
replace kerosene or other substitutes for home heating or lighting might still do so. But
this kind of small-scale application is quite different from the kind of large-scale
operations that are being proposed in parts of Africa and Asia, regions already exposed to
market volatility and adverse environments for agricultural productivity and growth.

The policy objectives of biofuel programs
Roz’s talk alluded to the various motivations that have underlain the push to expand the
biofuels sector within OECD as well as within less-developed countries. I believe the
policy objectives are often contradictory and misconstrued by those proponents who have
not fully thought through the implications that are embedded in each of the suggestions.
In general, one can classify the objectives of different national biofuels programs as
follows:
1. Aiming to produce as much biofuels as possible, using the most favorable and
cost-effective feedstock possible. This (at the risk of slight over-simplification) is
the essential objective of the US biofuels program. Maize is the most suitable
feedstock for ethanol in the US, as it is grown in large quantities at high levels of
productivity and far outcompetes alternatives like US-grown sugar (Shapouri et
al. 2006). While the Renewable Fuels Standard (RFS) seeks to reduce
greenhouse gas (GHG) emissions from maize ethanol with gradual increases in
stringency, the design of the program is such that maize will remain the favored
feedstock and will likely be used to produce ethanol far in excess of mandated
levels, as long as favorably-high oil prices persist, which seems likely.

2. For countries like those within the EU, the principled objective of their biofuels
program is to reduce the carbon intensity within the transportation sector by
avoiding fossil fuel emissions and by replacing them with low-carbon biofuels.
The Renewable Energy Directive (RED) of the EU has been the driving policy,
and has been strengthened by a Fuel Quality Directive (FQD) that places strict
standards on environmental sustainability and sets concrete goals for the
reduction of carbon emissions in transport fuels. Within the US, the Low Carbon
Fuel Standard (LCFS) does something similar, but is only operating within the
state of California, and is currently under litigation because of the way its
standards penalize ‘high-carbon’ biofuels coming from outside the state. Some
scholars have promoted the idea of such a standard being used to replace or
supplement the existing RFS within the US (Sperling and Yeh 2009). An
ongoing project led by the Institute for Transportation Studies at UC Davis is
looking into the policy implications and environmental consequences of scaling
up the LCFS to the national level.
3. Many countries that are burdened with costly imports of fossil fuels are seeking
to reduce these imports through producing biofuels nationally. This is not a
primary motivation among richer, OECD countries.
4. The goal of increasing energy security (and ‘independence’), on the other hand,
is a stated policy goal of the US, as well as of other countries who would seek to
import less fuel from countries they dislike even if it does not reduce the overall
consumption of fuel or its carbon intensity.
Each of these goals – as stated – are quite different from each other, and cannot all be
achieved simultaneously. The ultimate design of a national biofuels program should be
based on a solid understanding of what the policy objectives are. If carbon reduction is
paramount then importing ‘sweeter’ crude oil from less friendly countries should override issues of energy independence and security. This focus might result in the
importation of lower-carbon biofuels from other countries which is often at odds with the
high tariffs that are put in place to protect infant or more mature biofuel sectors in some
countries. The US does not seem clearly committed to carbon-reduction goals, at least on
the national-level. The adoption of an LCFS-like policy is likely, therefore, to remain a
state-level initiative; perhaps scaled up on a sub-regional level, as has been proposed in
some of the Mid-Western (MGA 2010) or Northeastern States (NESCAUM 2011).

Closing thoughts
In closing, I would like to summarize some key dimensions of biofuels policy that I think
are worth bearing in mind when considering the feasibility and desirability of scaling up
biofuel consumption and production in regions like sub-Saharan Africa. My comments
seem to complement well the conclusions that Roz also drew in the closing slides of her
presentation.

Biofuels operations seem to work best when (1) they are supported by highly-productive
feedstock supply, which helps lower costs and improve competitiveness; (2) they are able
to offer multiple uses of their products and by-products; and (3) where they can create
more advantageous economies through vertical integration within the sector. Where
these conditions cannot be met, then serious thought should be given to the re-design of
the sector and of national policy.
The map of Energy Poverty shown by Roz illustrated that the energy problems of Africa
go well beyond transportation fuels. There is a heavy reliance on biomass for household
energy that is strongly correlated with poverty (Ewing and Msangi 2009), and which has
important gender implications. The latter is especially important in terms of what it
represents for the time spent by women and girls in gathering firewood (Rossi and
Lambrou 2008). In meeting these needs, it might make more sense for some countries to
focus on options outside of biofuels for transportation, and perhaps on the basis of
regional cooperation, especially when there are resources, such as rivers, that can be
exploited for hydropower-based electricity.
The main benefits for biofuels investments to the developing economies of sub-Saharan
Africa may be in terms of the region’s need for investments into the agricultural and agribusiness sectors. If so, the focus should remain on how to enable these investment flows
without incurring the potential downside risks of badly conceived biofuel programs. If
there are well-conceived agribusiness projects that provide investments in flagging
sectors of Africa’s food economy, and which can mobilize labor, capital and investments
in needed marketing and distribution infrastructure, then it would seem worthy that they
be explored. For example, there is likely to be sustained and increasing demand for
beverage alcohols throughout Africa, which provides opportunities for those farmers
growing grains like sorghum, millet, barley, or starch-rich crops like cassava or
sugarcane. Whether or not the ethanol that is produced from the fermentation process
goes towards blending with transport fuels, the connecting of farmers to well-functioning
supply chains and stable markets for goods means that there are opportunities for
increased on-farm income and employment.
It may be the case that the last thing Africa needs, from a nutrition-perspective, is more
alcohol/ethanol. But many Africans are certainly dying for (or dying from the lack of)
agribusiness opportunities.
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