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Abstract

In recent years, bioenergy has drawn attentionsastinable energy source that may help cope
with rising energy prices, but also maybe provitsime to poor farmers and rural communities
around the globe. Rising fuel prices, growing ggefemand, concerns over global warming
from GHG emissions and increased openness to rétewaergy resources, domestic energy
security, and the push for expansion into new ntarke crops in the face of world trade
outlooks are all factors driving interest in expiagcbioenergy use. Despite keen interest in this
sector, there are currently few players in thiklfien 2005, Brazil and the United States together
accounted for 99 percent of global ethanol productwhereas Germany and France accounted
for 69 percent of global biodiesel production. Heee developing countries with tropical
climates may have a comparative advantage in ggesergy-rich biomass; and second-
generation technologies could enable expansioheofange of feedstock used from the
traditional sugarcane, maize, and rapeseed toegassl trees that can thrive in less fertile and
more drought-prone regions. Potentially adverseartgpfrom a rapid bioenergy expansion
include upward pressure on international food griceaking staple crops less affordable for
poor consumers; potentially significant adverseadntp on both land (soil quality and fertility)
and water resources; and on biodiversity and etesys in general.

Given the numerous and high level of uncertainggmrding future biofuel supply, demand, and
technologies, the paper examines three alternatigearios: a conventional scenario, which
focuses on rapid global growth in biofuel produstiomder conventional conversion
technologies; a second generation scenario, whimtrporates a ‘softening’ of demand on food
crops due to 2nd generation, ligno-cellulosic tetbgies coming online; and a ‘second
generation plus scenario’, which adds crop progiigtimprovements to the second generation
scenario, which essentially further reduce pot#ytadverse impacts from expansion of
biofuels.

Results from the analysis show a potential foodwaatkr-versus-fuel tradeoff if innovations and
technology investments in crop productivity areasland if reliance is placed solely on
conventional feedstock conversion technologiesaetrfuture blending requirements (or
displacement) of fossil fuels with biofuels. Thitiation changes considerably with increased
investments in biofuel conversion and crop proditytimprovements. To mitigate potentially
adverse impacts from aggressive increases in bipfoduction therefore requires a renewed
focus of crop breeding for productivity improvemémtvheat, maize and even sugar crops.
While some crops may be more favorable from thepestive of profitability, they may
encounter binding environmental constraints, irtipalar water, for example, for sugarcane in
India, and wheat or maize in Northern China. Awmdrewhere water might be available, other
natural resource constraints, such as land avhijatén constrain expansion, such as in
Southern China.

Impacts of global biofuel development and growthraral poor can be both positive and
negative. Biofuel crops do not necessarily crowtifoad crops, at least not under the alternative
scenarios examined here. Instead there is roorofoplementarities and synergy and rural
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agricultural development and socioeconomic grovatt go hand-in-hand with enhancement of
bioenergy production capacity.
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We can get fuel from fruit, from that shrub by timadside, or from apples,
weeds, saw-dust—almost anything! There is fuel/amnebit of vegetable matter
that can be fermented. There is enough alcohohmyear’s yield of a hectare of
potatoes to drive the machinery necessary to @i#ivhe field for a hundred
years. And it remains for someone to find out hbis fuel can be produced
commercially—better fuel at a cheaper price tharkwew now.

~ Henry Ford, 1925

1. Introduction

Rising world fuel prices, the growing demand foelgy, and concerns about global warming are
the key factors driving renewed interest in rende/adnergy sources and in bioenergy, in
particular. Henry Ford’s seemingly prescient outla® thus becoming much more relevant 80
years on. Within a global context, fossil fuel comption still dominates the world energy
market (Figure 1). However, the uncertainty irufetsupply, potentially unsustainable patterns
of energy consumption, and the costs of expandmogegm reserves of fossil fuels have lead
many energy analysts and managers around the workkek alternatives from other more
renewable resources, such as bioenergy. The staadieasing trend of gasoline prices over
time (Figure 2) strengthens the rationale for segktheaper supply alternatives. Biofuels
already constitute the major source of energy f@r dalf of the world’s population, accounting
for more than 90% of the energy consumption in pdeveloping countries (FAO 2005a).
Besides alleviating the reliance of energy-drivasoremies on limited fossil fuel sources,
bioenergy has continued to receive increasing @tterirom those concerned with promoting
agricultural and environmental sustainability thgbuthe reduction of carbon emissions, an
important component of climate change mitigatiormeBergy is also considered by some to be a
potentially significant contributor towards the aomic development of rural areas, and a means
of reducing poverty through the creation of empleywtnand incomes — and biofuel development
is directly or indirectly linked with multiple Miénnium Development Goals (FAO 2005b;

Kammen 2006). Thus, bioenergy is seen, more amé,nas a promising and largely untapped
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renewable energy resource, and its potential enwiemtal and economic benefits are becoming

more apparent as technological improvements coatio@merge.

Large amount of biomass from forest and agricultacivities such as branches, tree tops,
straw, corn stover and bagasse from sugar canebeamilized as feedstock for bioenergy.
Likewise, bioethanol and biodiesel can be producech sugar, grain, and other oil crops. In
parts of the world, animal dung is processed a$ vilele effluents are digested to produce
biogas (IEA Bioenergy 2005). Table 1 shows typtgpks of biofuel generated together with the

energy services they supply using a number of bssmasources.

The development of commercial bioenergy productiates back to the use of maize for ethanol,
and has seen consistent growth in a few countgnol is produced from maize in the Unite
States, India, and China, for example. MoreoveBriawzil 50% of all sugarcane produced out of
357.5 million tons in 2003-2004 was devoted to ethgSzwarc 2004). Globally, bioethanol

production is concentrated in two countries, Branill the United States (Table 2).

Biodiesel production, on the other hand, is gedgly concentrated in the EU — with
Germany and France leading production (Table 3)e Hmoduction processes used to
manufacture biodiesel from its feedstock sourcésrdifrom that used for bioethanol, as it relies
on trans-esterification of oils, whereas bioethapaduction relies on the hydrolysis of the
constituent grains and sugars of plants into ethamoder conventional technologies
(Worldwatch 2006).

Despite the apparent success of bioenergy produatidghese countries, other countries have
been reluctant to take a more aggressive appraacards bioenergy development, due to the
existence of institutional, financial or politicabnstraints. Several factors could contribute
towards this hesitancy to adopt these technolodibsy include a) a lack of understanding,
among policymakers, of the potential benefits; g nheglect of biofuel within the national

political, economic, and social agendas, therel®yqting its integration into energy statistics
and national energy planning; c) the prevailingutatpry, institutional and legal restrictions that

discourage the development of biomass energy; @)irtattention of forestry and agricultural
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agencies towards the development, management anaf bisomass energy resources; and e) the
lack of policy attention paid to the introductiondadistribution of modern, efficient and clean

bioenergy production system (FAO, 2003).

Some policymakers have also voiced concerns thgrieagive growth in bioenergy production
could “crowd out” the production of food crops ionse developing countries that try to adopt it,
in order to substitute for the import of increasyngxpensive fossil fuels (Graham-Harrison
2005).

In this paper, we investigate the interaction affieel demand with the demand and production
of food and feed crops, to examine potential imgpactfood prices, trade, and food security. The
analysis does not only focus on the United StaBeazil and China — which, nevertheless,

account for the global share of energy demand aserebut takes on a global approach to future

bioenergy uses.

2. Scenario analysis

Over the next several decades, the most certaiaase in demand for biofuels is going to focus
on displacing liquid fuels for transport, mostlytime form of ethanol which currently supplies
over 95% of the biofuels for transportation (Fulemnal, 2004). At present, the most efficient
production of ethanol is based on dedicated energys, such as sugarcane and maize. At the
same time, these dedicated ethanol crops willyikalve the greatest impact on food supply and
demand systems. This is particularly true if thedoiction occurs on prime agricultural lands as
is likely given the need to reduce transportatiosts of both the feedstocks and fuel products to

and from larger, centralized ethanol productionlitaes.

The projected demand for transportation fuel isssho Figure 3, where we see very high and
rapidly increasing demand for countries like Chiflaese projections are based on projections of
energy demand obtained from the energy outlooksngby the International Energy Association

(2004) as well as outlooks given in the agricultbiaseline projections of the USDA (2006).
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On the basis of these projected demands, we estifoasil-based fuel displacement (with
biofuels), in order to obtain projections of bioieised for transportation uses (Figure 4). The
expected rate of blending or displacement of fdsasled fuels with biofuels was obtained (for
major biofuel-producing countries) from projectiohg the International Energy Association
(IEA) Bioenergy Task 40 group, for Brazil to 201A8da2015, and by the targets for biofuel
production currently being considered in China (L2006). We also use the USDA'’s
Agricultural Baseline projections for fuel alcohade from maize in the USA (USDA 2006) in
our model quantification. For those countries withpublished data on future fuel displacement,
we assumed a rate of displacement that correspiond® percent displacement by 2010, 15
percent by 2015 and 20 percent by 2020. This dowssi a fairly aggressive rate of biofuel
production growth, but allows us to see the ‘upipeund’ impacts that would occur if biofuel
adoption were to be undertaken in earnest, in respto global energy price trends. No growth
in biodiesel production was assumed outside of Eheopean Union, since those countries
currently dominate global production (Table 3), alwdso with the help of agricultural support
policies that would be hard for other emerging pics to follow suit and adopt in a likewise
fashion, within the current WTO trade regime.

In order to examine the potential impact of biofpebduction growth on country-level and
domestic agricultural markets, we use a partiatdnjium modeling framework that can capture
the interactions between agricultural commoditypdy@and demand, as well as trade, at the
global level. In doing so, we are able to simult#te resulting growth in demand for the
agricultural crop feedstocks that biofuel productrelies on, while also tracking the demand for

food and feed for those same agricultural crops.

The model used for this analysis is the Internaidviodel for Policy Analysis of Agricultural
Commodities and Trade (IMPACT), which has been usgdhe International Food Policy
Research Institute (IFPRI) for projecting globabdosupply, food demand and food security to
2020 and beyond (Rosegrant et al. 2001). The moolgains three categories of commodity
demand - food, feed and other use demand. Ther‘offee demand category is expanded in this
study to reflect the utilization of a particularnamodity as biofuel feedstock. The utilization

level is determined by the projected level of befproduction for the particular commodity in
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guestion By converting the target levels of ethamaduction into the necessary tonnage of
maize, sugarcane or other crop feedstock, we déirttsh levels of ‘other demand’ appropriately

to reflect the increased utilization of these cordimes as biofuel feedstock. The conversion
rates used are 400 liters of ethanol for everynlalomaize, and 80 liters of ethanol for every 1
ton of sugarcane. These rates are in line withreetyaof sources, including Bullock (2002),

Durante and Miltenberg (2004), Fulton et al. (200@)ampietro and Ulgiati (2005), Moriera

(2000), and Walter et al. (2006).

Drawing on projections for biofuel demand for tleéewant countries and regions, we construct

three alternative scenarios:

1. Conventional scenario (aggressive biofuel growth with no crop productnghange).
This scenario assumes very rapid growth in demantdibethanol across all regions and
for biodiesel in Europe, together with continueghoil prices, and rapid breakthroughs
in biofuel technology to support expansion of sypgplmeet the growth in energy
demand — but holding projected productivity incesafor yields at baseline projection
levels. The “aggressive” biofuel scenario contdiesbiofuel demand projections
described previously, and shown in Figure 4. Foetiianol we consider maize,
sugarcane, sugarbeet, and wheat as feedstock eropseas we consider oilseed crops

and soybean for biodiesel.

2. 2" Generation scenario (or cellulosic biofuel scenario). In this scenagecond-
generation cellulosic conversion technologies coméne for large-scale production by
2015. In this case, we hold the volume of biofeeldstock demand constant starting in
2015, in order to represent the relaxation in th@and for food-based feedstock crops
created by the rise of the new technologies thated nonfood grasses and forest

products. Crop productivity changes are still Helthaseline levels.

3. 2" Generation Plus scenario (aggressive’ biofuel growth scenario with produitgiv
change and cellulosic conversion). This scenanickers, in addition to second-

generation technologies, the effect of crop teabginvestments that would lead to
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increased productivity over time, in order to besiepport the expansion of feedstock
supply in response to biofuel demand growth. Prodity improvements are in line with
other projections studies relating the benefitsiofeased agricultural investment policies
with agricultural productivity growth (see, for erple, Rosegrant et al. 2005;
SEARCA/IFPRI/CRESCENT 2003). Here, emphasis iggito agricultural productivity
growth in Sub-Saharan Africa. The ‘boost’ thatiiseg to crop productivity growth,

under this scenario, is shown in Figure 5.

On the basis of these scenarios, we solve the nmdg that the commodity demands are
modified to reflect the feedstock requirementstfae projected bioenergy production levels in
these countries after 2005. The resulting longmarket equilibria are compared to baseline
model projections (without biofuels), and are répdin the next section of the paper, along with

impacts on calorie availability and childhood maiition levels.

3. Discussion of Results and Policy Implications

The first, “conventional”, aggressive biofuel grémgcenario shows dramatic increases in world
prices for feedstock crops by 2020 (Figure 6). Mitghest price impacts are seen for oil crops, as
well as for sugar crops, followed by staple crdpart of this differential is due to the relative
‘thickness’ of markets: markets for staple grains larger in volume and geographic scale. The
relative productivity of irrigated and rainfed graiand sugar crops, compared to mostly rainfed
oilseed crops, also contributes to the relativeeplincreases seen in Figure 6. Thus, such a
scenario entails large profits for net producerghef bioenergy crop. Thus, such a scenario
would entail subsidies for the biofuel sector, whauld be net consumers of the feedstock crop,
in order to keep bioethanol production from thadfesource on a competitive level. These kind
of supports for biofuel producers already existrf@ny countries (e.g. within the EU), and could
be in the form of tax concessions at the pump odgeer credits. The high price increases for
oilseed crops suggest that the relatively low-yreddoil crops will have to make up fairly high
shares of total production in order to meet thedwmplacement trends embedded in the

“aggressive bioenergy growth” scenario.
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By contrast, the second of%2Generation scenario, which simulates the impactediulosic
technologies, shows a considerable softening ofaungyerice pressures, especially for oil crops,
and underlies the potential importance of suchrteah innovations at the industry-level. We do
not introduce improvements in conversion efficierfoy non-cellulosic processes, as these
technologies have been in use for some time, aod gittle room for improvement, based on
studies cited in the literature (Worldwatch, 2006).

The third scenario, finally, illustrates the im@orte of crop technology innovation at the farm
production level, and shows a further softeningpoice impacts. This third scenario, in
particular, shows how investments within both the&fuel industry and the agricultural sector,
itself, can be combined to produce more favorahlecames, which can partially mitigate
adverse consumer-level impacts. Among the thremasimess examined, this scenario seems to
present the most plausible outcomes of all threeatwos, as neither national governments nor
fuel producers would want to engage in a largees@dpansion of production without the
necessary investments being in place to ensurablelisupply of feedstock material at
reasonable cost, both for producers as well asdnsumers of food and feed commaodities.

While we have not modeled the mechanisms by whaeldgtocks might be substituted in and out
of biofuel production, according to their compegtness with long-term fossil-fuel prices and
each other, we have shown an illustrative setsilte (for a ‘fixed’ menu of inputs) which argue
strongly for preparatory investments in both thecdfural sector, as well as within the fuel

industry itself.
4. Summary and Conclusions

In our analysis, the results show a “food-versie=ftradeoff in cases where innovations and
technology investments are largely absent and wpelieies aimed at efficiency enhancement
within the sector are not undertaken. Such a bbéetkire is already considerably changed when
biofuel and crop production technology advancememgstaken into account. While there is
some uncertainty as to the timing of eventual lsmgge use of cellulosic conversion

technologies for biofuel production, the potentignefits to developing-country employment,

10
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and soil and water conservation are well-recognirdtie literature, and make a strong case for

further research in that area.

Our solutions suggest that the cost of biofuelddcte considerably higher than the projected
price of oil so there would need to be compellimgn4price factors for its uptake at the

aggressive levels assumed, particularly in firginseio. Indeed, there might be factors favoring
the decision to adopt biofuel production that migbt be captured within a strict quantitative
comparison of biofuel versus fossil fuel costsJudmg concerns of national energy security or
positive externalities to the environment. Notwidmling, we maintain the argument that if
developing economies are to participate beneficiaill the growth of renewable bioenergy
production, and to also maintain adequate leveldoofl security, a complementary set of
aggressive investments are necessary. Such invastnmuld bring about benefits for

consumers of both food and energy, while also dmuting to the broader growth of their

economies and improved livelihoods.

While this paper does not directly address watkated implications of increased bioenergy crop
production, there is no doubt that while some crnopy be more favorable from the perspective
of profitability, they will encounter binding enaenmental constraints, in particular water, for
example, for sugarcane in India, and wheat or miaiZ¢orthern China. And even where water
might be available, other natural resource consaisuch as land availability can constrain
expansion, such as in Southern China. Both cangrwill be binding in Sub-Saharan Africa,

unless these crops are developed together witheagige irrigation investment, and large-scale

soil-fertility improvements, including increasedéds of fertilizer applications.

11
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Figure 1: Share of different energy forms in globatotal primary energy
supply at 10,345 mtoe (million tons of oil equivalg), 2002.

Gas
21%

Nuclear

Hydro
2%

) Biomass and waste

35%

Other renewables

1%
23%
Source: IEA 2004
Figure 2: Gasoline prices from 1960-1996
90.00
80.00 /\
70.00 / \
60.00 f \
9%9 40.00 /./— N
30.00 A
2000 M / \O\X N\/
10.00 ,/4
°.00 4+—+H-+4+-4++-4+-4+-4+-4+-4+-+-+-+--+—-+—+—+—++++++++++++++
R ,s.?/’\ EOIRC SIS I R R
Year
—— Gasoline prices current US$/bl
—— Gasoline prices trend
—=— Gasoline prices US$/bl US$ 1995

Source: Moreira and Goldenberg 1999

14



Biofuels and Global Food Balance
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Figure 3: Projected Transportation Demand for Gasadhe
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Figure 4: Simulated Total (Bioethanol + BiodieselBiofuel Production for Transport

(millions of tons oil equivalent)
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Figure 5: Yield Enhancements over Baseline for “Plg” Scenario
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Figure 6: Changes in Global Commodity Prices from Bseline Across Scenarios in
2020
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Table 1. Types of biomass resources and biofuelymed.

Biomass Resources Biofuel produced Energy services
Agriculture and forestry Wood pellets, briquettes, Heat, electricity, transport
residues biodiesel

Energy crops: biomass, sugar,Char/charcoal, fuel gas, Heat, electricity, transport

oil bio-oil; bioethanol

Biomass processing wastes Biogas, bioethanaol, Transport
solvents

Municipal waste Refuse-derived fuel, biogas Helagtacity

Source: Adapted from IEA Bioenergy 2005

Table 2: Global Production of BioEthanol

Country/ Region Ethanol Production Share of Total Ethanol
(million liters) Production (percent
Brazil 16,500 45.2
United States 16,230 44.5
China 2,000 55
European Union 950 2.6
India 300 0.8
Canada 250 0.7
Colombia 150 0.4
Thailand 60 0.2
Australia 60 0.2
World Total 36,500 100.0

source: F.O. Licht (2005)
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Table 3: Global Production of BioDiesel
Country/ Region Biodiesel Production Share of Total Ethanol

(million liters)

Production (percent

Germany 1,921 54.5
France 511 14.5
Italy, Austria,
Denmark, United
Kingdom, Czech 9-227 0.1-64
Republic, Poland,
Spain, Sweden
Europe Total 3,121 88.6
United States 290 8.2
Other 114 3.2
World Total 3,524 100.0

source: F.O. Licht (2005)
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