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Abstract

This paper analyses the economics of biofuel production and the
implications that the accelerating growth in biofuel production in
many countries could have on agricultural markets. It shows that
production costs of ethanol and biodiesel differ significantly across
countries and feedstock crops. These costs often exceed those of
fossil fuels. In consequence, the economics of biofuel production
depends on public support in most countries. Similarly, land requi-
rements for crops required to enable significant shares of biofuel
production in transport fuel consumption are shown to be substan-
tial in many countries given current technologies. An expected
growth in biofuel production is, therefore, likely to have a significant
increasing impact on world prices for sugar, cereals and oilseeds
beyond what is caused by higher crude oil prices alone. The paper
points out a number of policy issues that require attention and
further analysis to facilitate a fuller discussion of biofuel policies.
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Zusammenfassung

Dieser Beitrag beschaftigt sich mit der Wirtschaftlichkeit der Pro-
duktion von Biokraftstoffen und den méglichen Auswirkungen des
beschleunigten Wachstums der Biokraftstoffproduktion auf land-
wirtschaftliche Produktmérkte. Er zeigt, dass Produktionskosten
von Ethanol und Biodiesel je nach Produktionsland und Rohstoff
stark variieren, haufig aber hoher als die fiir fossile Treibstoffe sind.
Gleichzeitig wiirde ein hoherer Anteil der Biokraftstoffproduktion am
Gesamtverbrauch von Transporttreibstoffen zum Teil erhebliche
Flachen benétigen, wenn derzeitige Technologien verwendet wer-
den. Der derzeit erwartete Anstieg der Produktion von Biokraftstof-
fen wird daher eine signifikante Preissteigerung auf den internatio-
nalen Mirkten fiir Zucker, Getreide und Olsaaten zur Folge haben,
die iiber die Auswirkungen gestiegener Rohdlpreise hinausgehen.
Der Beitrag zeigt eine Reihe von politik-relevanten Fragen auf, deren
Beachtung und weitere Untersuchung fiir eine qualifizierte Diskus-
sion von PolitikmaBnahmen im Bereich von Biokraftstoffen erforder-
lich sind.

Schliisselworter

Biokraftstoffe; Produktionskosten; Ressourcenbedarf;
schaftliche Marktwirkungen; Biokraftstoffpolitik

landwirt-

1. Introduction

Biofuels, which may be defined as “transportation fuels
derived from biological (e.g. agricultural) sources” (IEA,
2004: 27.), play an increasingly important role in both pub-
lic debate and agricultural markets. A panoply of arguments
underpins the public interest in alternative sources of trans-
port fuels, including concerns about finite availabilities of
crude oil, reliance on imports from countries perceived as

being politically unstable, the recent increase of petrol
prices as well as environmental considerations of green-
house gas (GHG) emissions and other pollutants from in-
creasing fossil fuel usage. In addition, agricultural produ-
cers hope for a new market outlet for their produce as most
of the current biofuels are made from commodities such as
grains, sugar crops and oilseeds. As a consequence, policy
makers in Europe as well as in many other countries have
engaged in supporting the production and/or the use of
biofuels. Notwithstanding high crude oil prices that make
alternative fuels more competitive, the current growth in
biofuel production is mainly driven by public support rather
than by market forces. This development raises a number of
policy-relevant questions that form the primary focus of
this article. The next section provides a brief overview of
the economics of biofuels production by looking at biofuel
production costs and possible resource implications, in
particular with respect to potential crop land requirements.
Section three discusses the possible impacts of a further
growth in biofuel production on agricultural markets. A
concluding section raises a number of issues that will need
further research.

2. Economics of biofuels production

Currently there are two main biofuels available on the mar-
ket, namely ethanol produced mainly from sugar crops,
grains and other starchy commodities, and biodiesel, a
chemically modified form of vegetable oil largely produced
from oilseeds. While there are numerous other fuels made
from organic matter, these generally play only a minor role
at this point in time, even though they might become more
important in the next decade or two. This article, therefore,
predominantly looks at ethanol based on sugar crops and
cereals, and biodiesel made from vegetable oils'. As the
different feedstock commodities represent the most impor-
tant element in biofuel production costs, commodity prices
and biofuel extraction yields are the main determinants for
production costs of biofuels. Figure 1 shows approximate
production costs for ethanol and biodiesel for selected pro-
ducing countries and typical feedstocks. Feedstock costs
generally represent the majority of total net production
costs, with most of the rest determined by processing costs.

' This article, therefore, also does not consider biodiesel produ-

ced from oilseeds other than soybeans, rapeseed and sunflower
seed (palm oil is included in the analysis), even though recent
developments indicate that other oilseeds could play an impor-
tant role in the production of biodiesel particularly in develo-
ping countries.
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Figure 1. Production costs of various biofuels, 2004 and 2005
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Source: own calculations based on OECD (2006)

Energy costs represent a significantly smaller share of pro-
duction cost, particularly in the case of sugar cane based
ethanol. The energy required to produce ethanol from this
feedstock is often derived from burning the bagasse of the
sugar cane itself. By-products derived with the production
of ethanol constitute an important element in the cost calcu-
lation as well: in many cases, these represent valuable ani-
mal feeds, e.g. distillers dried grains with solubles (DDGS),
corn gluten feed (CGF), corn gluten meal (CGM) and bran
from grain-based ethanol production, or dried pulp from
sugar-beet based ethanol production. Other by-products can
be used by other industries (e.g. glycerine from biodiesel
production).

A comparison of net production costs of different biofuel
processes shows an advantage for cane-based ethanol when
compared to other feedstocks as well as to biodiesel. With a
cost of 0.35 US$ per litre of gasoline equivalent’ in 2004,
cane-based ethanol from Brazil was both cheaper compared
to ethanol and biodiesel produced in other countries and
from other feedstocks, but also compared to the actual
supply costs of fossil gasoline net of taxes. In terms of
European ethanol and biodiesel fuels, these were produced
at substantially higher costs, and relied on government
support. In the US, production of ethanol from maize has a
long history, but production costs are still higher than for
cane-based ethanol in Brazil. In 2005, the costs for most
biofuels have increased due to higher prices for energy and
a number of feedstocks, with the exception of maize. The
appreciation of the Brazil Real has additionally contributed
to increased costs of cane-based ethanol in that country
when expressed in US$. In all cases, however, domestic
gasoline prices were higher in 2005 than in 2004 as well,
thus making ethanol production in both Brazil (sugar cane)
and the US (maize) slightly cheaper than net gasoline pri-

> Note that for comparability reasons, production costs are

expressed in USS$ per litre of gasoline equivalent (GE), where
a litre of GE equals 1.515 litres of ethanol or 1.124 litres of
biodiesel due to their lower energy content relative to gasoline.

ces. In contrast, costs for both ethanol and biodiesel produc-
tion in the EU remained well above tax-free gasoline prices
in 2005.

Indeed, according to current estimates, European biofuels
would become profitable without support only at crude oil
prices substantially above current high levels. With current
technology and depending on feedstock prices, oil prices
would need to be reach about US$ 100 per barrel for Euro-
pean biofuels to be come competitive, a level of oil prices
that seems unlikely in the near future despite the recent
increase in crude oil quotations. Consequently, any growth
of biofuel markets in Europe or in other countries with
similar cost structures remain dependent on government
financial support in the form of production subsidies, excise
tax reductions or mandatory blending requirements with
gasoline.?

Another element in the economic assessment of biofuel
production based on agricultural commodities is the implied
land allocation for increased crop production quantities to
provide the supplies of needed feed stock. As current bio-
fuels production competes with other uses of agricultural
commodities, particularly for direct food and for animal
feed, the question of the potential land requirement for
larger biofuel production quantities is an important issue for
consideration. Assuming current technologies in agriculture
and biofuel production, and using data for 2004, a 10%
share of biofuel production from domestic feedstock sour-
ces in total transport fuel consumption would require 43%
of the land currently devoted to cereals, oilseeds and sugar
crops in the case of the EU. Similar assumptions for the US

3 Itis interesting to note the change of ethanol production costs

in Brazil which is very close to the change in net gasoline pri-
ces. With a large share of sugar cane used for fuel ethanol
production quickly adjusting to changes in ethanol and sugar
prices, and an increasing number of vehicles that can run on
any mix of ethanol and gasoline (“flex-fuel cars™), sugar pri-
ces in general and cane prices in particular are increasingly
linked to fossil fuel prices.
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and Canada would imply a slightly lower requirement of
36% and 30%, respectively, of available crop land in order
to boost biofuels share to 10% of total transport fuel usage.
Again, Brazil shows an important advantage, with the land
requirement for a 10% share for biofuels in total transport
fuel consumption representing only about 3% of its crop
land currently under cereals, oilseeds and sugar cane. This
difference is due to two main factors: on the one hand, fuel
consumption per head of population is well below that of
the EU and North America. On the other hand, however,
with more than 4 000 1 of gasoline equivalent the yield of
ethanol per hectare of sugar cane is well above that of etha-
nol per hectare of grains (ranging from about 530 to 2 300 I,
depending on the region and the type of cereals), while the
yield of biodiesel per hectare of oilseeds generally is even
lower with about 440 to 810 1 of gasoline equivalent. In
other words, it takes about five hectares of rapeseed or three
hectares of wheat in the EU, or two hectares of US maize,
to produce the biofuel energy grown on one hectare of sugar
cane in Brazil.

While the analysis considers ethanol and biodiesel in the
EU, the US, Canada and Brazil, it seems plausible that this
comparative advantage for cane-based ethanol would hold
for other countries as well that benefit from similar climatic
and economic conditions. Among those countries, India has
launched its ethanol production based on sugar cane in
2001. In 2005, India ranked fourth in the list of ethanol
producers with a total of more than 2.1 million tonnes
(RFA, 20006).

3. Implications of biofuel growth on
agricultural markets

While in most areas biofuel production remains unprofitab-
le even at relatively high prices for competing petroleum
fuels, the production and use of both ethanol and biodiesel
for transport vehicles is increasingly in the interest of public
policy makers, and hence enjoys considerable support in
various forms®. Consequently, biofuel markets are likely to
further expand, with growth likely to accelerate over the
next few years if planned investments in the pipeline and
government announced initiatives start to bear fruit. To
analyse the implications of this growth on agricultural mar-
kets, a number of model scenarios were simulated using a
global agricultural trade model.

3.1 Methodological description of the model
analysis

The OECD’s Aglink model is a global, recursive-dynamic,
partial equilibrium model for regional and world markets of
temperate-zone agricultural products. Commodities repre-
sented include cereals, oilseeds and oilseed products, meat
and dairy products. While the Aglink model focuses on
OECD countries as well as a number of major Non-OECD
economies, it has recently been complemented by the
FAQ’s Cosimo model covering developing and transition

Among these policies, only tax concessions are considered
explicitly in the model analysis below, while other support is
taken into account implicitly in the projections. For details on
policies measures supporting biofuels in various OECD and
other countries see OECD (2006).

economies in greater detail. For this analysis, the Aglink-
Cosimo model has been combined with the OECD World
Sugar Model, a dedicated model for the sugar markets
which is similar to Aglink-Cosimo in its model structure.

In addition, the model has been expanded by biofuel modu-
les for some major biofuel producing regions, including the
USA, Canada, the EU-15 and Poland. These modules inc-
lude endogenous representations of the production of grain-
and sugar-based ethanol and of vegetable oil-based biodie-
sel, together with their respective use of agricultural pro-
ducts as well as the production of by-products used as feed
in the livestock sector. Biofuel consumption is not conside-
red. Instead, it is assumed that biofuel targets as established
for the EU and the USA are met by domestic biofuel pro-
duction. However, trade in agricultural commodities and
hence in feedstock commodities used in biofuel production
is explicitly taken into account. Biofuel production generally
depends on the costs (driven by feedstock and energy prices
as well as tax concessions) and fossil fuel prices (depending
on crude oil prices).’

Using the projections published by OECD and FAO in
2005 (OECD/FAO, 2005)° as a benchmark for comparison,
a number of model scenarios were simulated in order to
assess the impact of biofuel growth on agricultural markets,
and to estimate the effect of alternative oil price assumpti-
ons on these developments. A ‘status quo’ scenario with
ethanol and biodiesel production exogenously fixed at their
2004 levels was used as a benchmark, to which a ‘biofuel
growth’ scenario was compared. This scenario assumes
biofuel production quantities to grow along current projec-
tions which in particular take into account policy targets
established for the EU and the USA.” While these first two
scenarios assumed crude oil prices to decline from US$ 55
per barrel in 2005 and US$ 56 per barrel in 2006 to about
USS 41 per barrel in 2014, an additional scenario assumed
crude oil prices to remain at US$ 70 per barrel as of 2006.

3.2 Continued growth in biofuel production

Implications of increased ethanol and biodiesel production
on agricultural markets are related to at least two elements:
first, and above all, the production of ethanol and biodiesel
represents an additional demand for cereals, sugar crops,
and vegetable oils, which in general competes with the
demand from food use and animal feed. Second, the pro-
duction of grain-based ethanol generates by-products that
can be used as feedstuff in livestock production, as discus-
sed above. These compete with other feedstuffs such as
feed grains and oilseed meals and hence reduce the demand
for the latter.

For a more detailed technical description of the modelling
approach see Annex 3 of OECD (2006). Note that ethanol
production in Brazil is included in the original OECD World
Sugar Model.

Note that an updated baseline was generated using more recent
price data for crude oil as used in OECD/FAO (2006).

Note that, as the biofuel production is endogenous to the
model, the final quantities in the simulation differ slightly
from those defined in the policy targets due to changes in agri-
cultural commodity prices.
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Figure 2. Additional demand and supply of agricultural commodities from biofuel production growth between
2004 and 2014, relative to total domestic use in 2004
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Figure 2 indicates that the further growth in ethanol and
biodiesel production creates substantial additional demand
for agricultural commodities.® This is particularly the case
for biodiesel in the EU: the expected growth by some 7.2
million tonnes results in an additional demand for vegetable
oils equivalent to more than 60% of the EU’s total con-
sumption of vegetable oils in 2004. Similarly the expected
growth in Brazil’s ethanol production represents an additio-
nal demand for sugar cane equivalent to 35% of current use.
Implications for cereal markets are less pronounced, parti-
cularly due to the by-products of wheat-, coarse-grains- and
sugar-beet-based ethanol production replacing some of the
feed demand for coarse grains. However, in the US the
additional demand for grains would represent 12% of total
current use, while the additional by-products would replace
roughly 3% of current grains use in the US.

The co-production of an energy-rich feedstuff partly offsets
the increased demand for grains. Similarly, protein rich by-
products, in particular corn gluten meal (CGM) stemming
from the wet milling process of ethanol production from
maize, represents a net increase in protein feed supply
which reduces demand for traditional oilseed meals.” As

Note that a number of assumptions need to be made in this
assessment. For instance, it is assumed that growth in biodie-
sel production in the EU would be substantially slower than
that of ethanol production, with ethanol production quantities
catching up with biodiesel by around 2012. Furthermore, it is
assumed that, with unchanged support, the target of 5.75%
biofuel share in transport fuel consumption of the EU (15)
would be reached at crude oil prices at US$ 60 per barrel —
lower oil prices result in an undershooting of the biofuel tar-
get. For the US, ethanol production growth is assumed con-
sistent to corn use for ethanol as projected in the latest US
Agricultural Baseline (USDA, 2006), again at crude oil prices
at US$ 60 per barrel.

Note that apart from the reduced demand, oilseed meals supply
is increased as well due to greater incentives for oilseed crush.
However, this is a second-round effect which, while conside-
red in the analysis, is not discussed in greater detail here.

maize use is predominant in ethanol production in North
America but relatively rare in Europe, CGM production is
largely a North American phenomenon, too.

These changes in crop demand trigger effects on trade and
international crop prices, with Europe, North America and
Brazil being the main regions causing price changes in
vegetable oils, cereals and sugar, respectively. The focus of
the European biofuel industry on biodiesel is likely to re-
quire substantial additional imports of vegetable oils which
could triple relative to no growth in biofuel production.'’
With the EU being the third largest importer of vegetable
oils, international prices for this product group are increa-
sed by 17% by 2014 when compared to a situation with
constant biofuel production (figure 3). Implications for
sugar markets are even more pronounced. With Brazil ac-
counting for 20% of global sugar production and 33% of
global sugar exports, it is mainly the growth in Brazil’s use
of sugar cane for ethanol production rather than sugar that
raises international sugar prices by an estimated 62% com-
pared to a no-growth scenario — the production of the per-
ennial sugar cane would only slowly respond to the market
signals, with production in 2014 some 8% higher than
without biofuel growth.

Effects on cereal markets are less pronounced, but still
significant. With an additional 60 million tonnes of wheat
and coarse grains estimated to go into ethanol production
by 2014 in the EU and in North America, and despite the
20 million tonnes of grains displaced from feed ratios by
ethanol by-products, world wheat and maize prices are
projected to be some 5% and 7% higher by 2014 than

This assumes that biodiesel would be largely made from im-
ported vegetable oils rather than from imported oilseeds
crushed in the EU, a simplified assumption as in many cases
the esterification process is linked to the crushing in the same
plants. However, increased production of GM oilseeds in the
Americas and the relatively cheap supplies of palm oil from
south-east Asia are likely to create additional incentives to
produce biodiesel in the EU from imported oils.
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analysis, crude oil prices are
assumed to remain at US$ 70
per barrel from 2006 to 2014.

Higher crude oil prices affect

agricultural markets in two
distinct ways. First, it increa-
ses agricultural production
costs and hence reduces com-
modity  supply.  Second,
higher oil prices raise fuel
prices and hence the incen-
tives to produce biofuels. This
in turn creates additional

Figure 3. Impact of expected growth in biofuel production on world commodity
prices in 2014
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systems. Not taking into ac-

without the growth in biofuel production. As in the case of
vegetable oil prices following the growth of biodiesel
production mainly in the EU, the largest price effect can be
found for some years in the middle of the projection period:
due to the particularly strong growth of biofuel production
in the EU (following the biofuel directive) and in North
America (particularly following the RFS of the US), price
effects are most pronounced in 2010.

Increased supplies of protein-rich feeds, and growing incen-
tives to crush oilseeds, result in declining prices for oilseed
meals ending some 7% lower than without biofuel growth.
In consequence, average world prices for oilseeds are in-
creased by the biofuel growth by only 2%, significantly less
than grain prices or those for vegetable oils.

The results indicate that the increase in biofuel production
comes at a cost paid by the users of agricultural crops —
both consumers and livestock producers — apart from fuel
consumers and taxpayers in countries where biofuel pro-
duction relies on mandatory blending requirements and
other forms of public support.

3.3 Impact of alternative assumptions on crude oil
prices

As noted above, the analysis so far was based on the as-

sumption of crude oil prices declining from their current

high levels, reaching some US$ 41 per barrel. This section

looks at the impact higher crude oil prices could have on

biofuel production, and on agricultural markets. For this

count fuel price effects this
would increase world crop prices by between 10% in the
case of wheat and 18% in the case of oilseeds, thus indica-
ting the importance of crude oil or more generally energy
prices for agricultural markets.

Increased fuel prices also raise the incentives for biofuel
production. It is, however, difficult to assess the speed at
which biofuel industries would respond to higher fuel pri-
ces. Assuming a biofuel price elasticity at a level of one, a
value that is high for agricultural standards but relatively
low for many industrial systems, biofuel production would
be expanded by almost 6 million tonnes or 9% in 2014,
resulting an a further increase in crop prices between 1.1%
for oilseeds and 5.1% for sugar and coarse grains, while
prices for vegetable oils would end almost 7% higher than
without the increase in fuel prices.

""" A third effect of higher crude oil prices is the increased trans-

portation costs which would increase commodity prices in im-
porting countries while decreasing prices for exporters. This
cannot be reflected in the non-spatial model applied for the
present analysis.

Commodity production generally depends on current and/or
lagged gross revenues, deflated by a commodity production
cost index which includes energy prices. For more details see
Annex 3 in OECD (2006).
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4. Conclusions and policy issues

It is clear that the above analysis of the impacts biofuel
growth can have on agricultural markets draws a limited
picture only. First, the use of land not currently in the pro-
duction process or in marginal areas and the possibility of
international trade in biofuels will alter market responses
from the projections in this paper. Second, a number of other
countries, such as China and India, are engaging in the pro-
duction of ethanol and biodiesel for fuel use and are likely
to put significant resources in their biofuel developments,
and this could further magnify the agricultural market im-
pacts. Third, other feedstock commodities, combined with
new technologies, are likely to change the feedstock-biofuel
relationship in the medium term. In particular, ‘second gene-
ration’ biofuels such as cellulose-based ethanol and synthe-
tic fuels from biomass, fuels that are currently under deve-
lopment, would require significantly less agricultural input
per unit of biofuel output, and could allow for larger contri-
bution to countries’ transport energy mix at potentially
much lower costs. Fourth and finally", biofuels represent
only one component — and one that attracts substantial public
attention — of bioenergy production which would also include
the generation of heat and electrical power from biomass.

In spite of those limitations, the analysis allows to draw a
number of conclusions. First, current biofuel production
systems show a large variation in production costs across
regions and feedstocks; even at current crude oil prices,
they rely on public support in most countries as costs often
exceed those of competing fossil fuels. Second, in most
countries particularly in the northern hemisphere land re-
quirements for a domestic biofuel production to replace a
significant share in total transport fuel consumptions are
substantial if current technologies are applied. Again, diffe-
rences across countries and feedstocks are significant, and
as for production costs reveal advantages for Brazil. Third,
and linked to the high land requirement, the expected
growth in biofuel production in the EU, North America and
Brazil is likely to have a significant effect on agricultural
market developments as it creates a substantial additional
demand for cereals, sugar crops and vegetable oils which
would be provided by agricultural producers only at higher
prices. Consumers of food products in general, and food-
deficit developing countries in particular, will have to pay
more as biofuel industries place their demand for feedstock
commodities. Fourth and finally, increasing crude oil prices
are likely to further raise agricultural commodity prices
both through their effects on crop production costs and
through increased fuel prices and hence further growth in
biofuel production. Even though the exact response of bio-
fuel industries to higher oil prices will need further research
it seems clear that both effects on agricultural markets are
of significant importance.

A number of policy-relevant issues follow from these results.
Given that in many countries biofuel production remains
economically unviable without public support, a better
understanding of policy objectives and the costs and bene-

B oor course, other caveats apply that are more general to this

kind of model analysis and which are related to the fact that
models are a limited representation of actual market behavi-
our. While this should be kept in mind when drawing conclu-
sions as well, we do not discuss these limitations here in detail.

fits of biofuel support is needed. Energy security, environ-
mental benefits, rural development and farm income are
among the objectives for promoting biofuels, yet much
work remains in identifying the exact effects biofuels have
on each of those dimensions, and in analysing the cost effec-
tiveness of such policies relative to other means of achie-
ving political objectives. For instance, improving the vehi-
cles’ fuel efficiency may yield larger reductions in green-
house gas (GHG) emissions at lower costs than the re-
placement of petrol-based fuels by biofuels, while the po-
tential of reducing GHG emissions through better housing
insulation may be even greater. Legitimate policy objecti-
ves should lead to well-targeted policy measures, yet cur-
rent support for biofuels and its implications are far from
being fully understood and require further in-depth analy-
sis. In addition, with the likelihood of next-generation bio-
fuels becoming profitable in the medium term, current
technologies may become outdated relatively soon. Howe-
ver, necessary readjustments of policy settings might be
opposed by stakeholders who based their investment deci-
sions on current political support.
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