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Executive summary

Increasing fossil fuel prices, energy security considerations and environmental concerns,
particularly concerning climate change, have motivated countries to explore alternative
energy sources including biofuefSlobal demand for biofuels has been rising rapidly due to
biofuel support policies established in many countries. However, proposed strong links
bet ween biofuels demand and recent year so
increasing biofuels pouction might bring about serious negative environmental impacts, in
particularly associated with the land use change to biofuel crops, have shifted public
enthusiasm about biofuels. In this context, the ELOBIO project aims at shedding further light
to these aspects of biofuel expansion by collecting and reviewing the availableudtalso
developing strategies to decrease negative effects of biofuels while enabling their positive
contribution to climate change, security of supply and rural developBe®BIO considers
aspects associatedth both £'and 2° generation biofuels, hence analyses effects on both
agricultural commodity markets and lignocellulosic markets.

This project, funded by the Intelligent Energy Europe programme, consists of a wview
current experiences with biofuels and other renewable energy policies and their impacts on
other markets, iterative stakeholgmpported development of ledisturbing biofuels
policies, model supported assessment of these policies’ impacts on fedd,arhel
lignocellulosic markets, and finally an assessment of the effects of selected optimal policies
on biofuels costs and potentials. This project has been conducted by seven EU institutes of
different backgrounds.

Results of the ELOBIO study show thapid biofuel deployment without careful monitoring

of consequences and implementation of mitigating measures risks leading to negative
consequences. Implementing ambitious global biofuel targets for 2020, based on clrrent 1
generation technologies, cg@ush international agricultural commodity prices upwards and
increase crop prices. Furthermoland use change both through converting natural land to
produce i' generation biofuels, and by displacing existing agricultural activities to other
areas, maydrastically impact the greenhouse gas (GHG) emission reduction of biofuels
production and use.

However, there are ways to reduce negative impacts. Even though shifting to second
generation (¥ generation) biofuels appears to be one of the best sdutiorierms of
decreasing the pressure on agricultural commodity markets and improving GHG
performances of biofuels, a mix of and 29 generation biofuels will be the likely future. In

this respect, strategies to increase agricultural productivity, iefipen developing countries
where yields presently are low, stands out as one of the most important requirements. Food
security and agricultural productivity improvements have been addressed as part of the
millennium development goals (MO®). But policydriven biofuel production that impacts
global agricultural markets should also become part of the policy framework that supports
agricultural productivity increase in the world regions that are likely to be impacted most with
increased biofuel demand.

2" generation biofuels can decrease some of the pressure on agriculture commodities if they
are producedrom residues and crops cultivated on marginal lafddeey are in addition
expected to provide a substantial contribution to reducing GHG emissiongver, those
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technologies are still at demonstration stage and bringing them to the market requires policy
measures that take into account their risk proféesl create davourable and stable
investment climate. A set of policy options, for instance daations of gh investment
subsidies with soft loans, tax exemptions, and favourable crediting in relation to biofuel
targets, can help overcome the initial investment barriers and enable larger volurfits of 2
generation biofuel penetration into the marke

Lignocellulosic feedstocks are also demanded by other sectors, particularly the energy sector
to produce renewable electricity and heat, and the fbeestd industries to produce wood
products. Yet, policy support and initiatives can stimulate thenesgies betweerthe
stationary energy sector and biofuels and the forest industry can include biofuels among the
wide range of products already produced. One possible option is to stimulate supply side
development by promoting dedicated biomass plantattonschieve learning and cost
reduction in the production of short rotation woody plants and perennial herbaceous plants.
This can for instance be done by linking credits for green electricity froffiricg
applications with the requirement that a certsiivare of the biomass fuel is derived from
production of such plants within EU. The integration of gasificaiased biofuel plants in
district heating systems is one option for increasing the energy efficiency and improving the
economic competitivenesd such biofuels. Integration initiatives may involve cooperation
between actors that earlier have not invested in biofuel production, such as municipalities
having large district heating networks and power companies that see new opportunities for
optimizing their production and improving resource use efficiency.

In an increasingly globalized economy, decreasing negative impacts of biofuels on
commodity markets and the environment require not only integration of various policy
domains but also strategielsat are internationally recognize@he early stimulation and
learning in new biomass supply systems and the involvement of new types of actors
cooperating in biofuel production can facilitate a positive development by reducing strains
between sectors andffering opportunities for improving economic and resource use
efficiency.

Further details concerning the biofuel impacts on commodity markets and the strategies to
overcome, and the underlying detailed studies, can be founsvenELOBIO.eu
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1. Biofuels: urgency for low disturbing
policy options

Global challenges posed by climate change and energy insecurity have generated an
increasing interest on biofuels. Worldwide, biofuel production increaseefdmlibetween
2000and 2008 (se€igure 1. Around 90% of the bioethanol was produced in Brazil and the
United States, while more than 54% of the biodiesel was produced in the European Union. In
absolute terms bioethanol production amounted to 66 billion litres whilelgliges than 15

billion litres of biodiesel was produced in 2008.

World biofuel production
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Figure 1  World biofuel production (2009 values are projected), data derived from (F.O.Licht's,
2009)

Biofuels are currently derived from existing agriculturatenodities that differ by region. In

the United States ethanol production used roughly 28% of the produced corn in 2008. The
United States accounts for roughly 40% of wo
corn exporter (5%50% of global corn &de) followed by Argentina and Brazil. Biodiesel is

mostly produced from soybean oil in these three countries. Brazil presently uses about half of
its sugar cane output to produce ethanol, w
or sugar beet. Batiesel is primarily produced from rapeseed oil in EU and about 65% of EU
vegetable oil production was used for biodiesel in 2008. Worldwide, about 98 million tonnes

of grains (mainly corn and wheat) were used to produce bioethanol, representihgftEs

total world grain production. Almost 330 Million tonnes of sugar feedstocks (sugarcane, sugar

beet & molasses) were used worldwide to produce ethanol in 2008, mainly in Brazil. EU27

1 This share represents the gross grain consumption of fuel ethanol. Ifpheduets, which are sold on the
animal feed markets, are taken into account, the net gragucgotion would be 4% in 2008.
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used slightly less than 7 Million toas of sugar beet and beet molastasall part)
corresponding to about 5% of sugar beet output. Worldwide about 11.5 Million tonnes of
vegetable oil (rapeseed, soy, palm oil) were used to produce biodiesel, representing 9% of
worldwide vegetable oil market.

While biofuel production has den expanding rapidly based dhe above mentioned
agricultural commodities the world has experienced market price increases for major
agricultural commodities such as grains and vegetable oils between mid 2006 and mid 2008
(seeFigure 2). While there have been a number of factors contributing to the recent price
increase in food prices (see Bbxthe likely impacts of biofuel production on world food and
feed markets have been in the centre of attention theolagtecof years.
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Figure 2  Evolution of commodity prices between 2003 and January, 2010
Source of the data: www.fao.org/worldfoodsituation/FoodPricesIndex

Box 1 Factors contributing to the recent increase in food prices (USDA, 2008)

U Reduced agricultural R&D:reduced agricultural research and development
governmental and international institutions may have contribtdethe slowing
growth in crop yields.

U Increasing agricultural costs of productioagricultural production costs have risq
especially for energy related inputs such as fertilizer, fuel and pesticides.

U Higher demand for agricultural commoditiesver thelast decade, strong glob
growth in average income combined with rising population has increased the d
for food, particularly in developing countries.

U Declining value of the U.S. dollaas the dollar loses value relative to the currenc
animpot i ng country, it reduces that C
States is a major source of many ag
of commodities from the United States began to rise. This put upward press
U.S. prices dr those commodities. Further, since the world price of major crop
typically denominated in U.S. dollars, the depreciation of the dollar also raises
(measured in dollars).

U Increasing prices of crude oiln the period 2002008 crude oil pricegncreaseqd
from 50 to over 140 $US per barrel.

U Adverse weather conditionadverse weather reduced crop production in s
countries, resulting in lower production and contributing to the increase in the
of these commodities.

U Speculating actors enteilg commodity marketsafter the downturn of financig
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markets, the interest of hedge funds and sovereign wealth funds has tur
agricultural commodity markets over the last years. By pouring conside
financial resources into agricultural marketseyt significantly increased the
liquidity and thus volatility.

U Policies adopted by some exporting and importing countries to mitigate theil
food price inflation:the raise in commodity prices caused domestic food prices i
consumer level to risen many countries. In response to rising food prices, s
countries began to take protective policy measures designed to discourage |
The objective was to increase domestic food supplies and restrain increases
prices. However, such measutggically force greater adjustments and higher pr|
onto global markets.

Besides concerns over negative socioeconomic effects the possible environmentaliimpacts
particularly related to land use change including deforestation causing biodivesséyg End
greenhouse gas (GHG) emissiagnbave reduced the public enthusiasm and put pressure on
the policy process to adjust the policy agenda.

Ambitious policy targets for biofuels

The rapid expansion of biofuels production and consumption has maiaty driven by the
policy support in a number of countries (Seable 1). For instance in Europe the Common
Agricultural Policy and the Energy Policies promoting renewable energy were the main
drivers of biofuel prduction. The EU Biofuels Directive has set an indicative target of 5.75%
for 2010. Furthermore, the Renewable Energy Directive has laid down a binding target of
10% of renewable fuels in total gasoline/diesel sales by 2020. In thethSRenewable
Fuels $andards of 2005 and 2007 have given a boost to biofuel produdtenEnergy
Independence and Security act of 2007 included a major expansion of renewable fuel
standards to 36 billion gallons (136 milliorfyin 2022. Of this amount, 3 billion gallonsi(1
million litres) must be ¥ generation biofuels in 2016, increasing to 21 billion gallons (80
million m?) in 2022.Brazil, a country with a long history on biofuel usehieved more than

50% of fuel consumption in the gasoline market from sugarcand k#sa&nol in 2008. While
current production in Brazil amounts to 19 million m3/year in 2007, plans are announced to
extend this production to 35 million m3/year in 2015, of which 20% would be for export.

Table 1 Voluntary and mandatory targets for transport fuels in major countries.

Country/RegiorlMandatory, voluntary or indicative target

Australia At least 350 millionlitres of biofuels by 2010
Canada 5% renewable content in gasoline by 2010
European Uniol5.75% by 2010, 10%yb2020

0.6% ofauto fuel by 2010; a goal to reduce fossil oil dependence of transport sect
98% to 80% by 2030

New Zealand [3.4% target for both gasoline and diesel by 2012

12 billion gallons by 2010, rising to 20.5 billion gais by 2015 and to 36 billion galld
by 2022 (with 16 billion gallons from advanced cellulosic ethanol)

Brazil [Mandatory 25% ethanol blend with gasoline; 5 percent biodiesel blend by 2010.

2 million tons ethanol by 2010 increasing to 10 milliongdyy 2020; 0.2 million to
biodiesel by 2010 increasing to 2 million tons by 2020.

5% ethanol blending in gasoline in 2008, 10% as of 2009; indicative target (
ethanol blending in gasoline and 20% biodiesel blending by 2017.

Japan

United States

China

India
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Indonesia 2% biduels in energy mix by 2010, 3% by 2015, and 5% by 2020.
Thailand 2% biodiesel blend by 2008, 10% biodiesel blend by 2012; 10% ethanol blend by
South Africa [2% of biofuels by 2013

Objectives of ELOBIO

As mentioned, concerns related to the impaétsiofuels on commodity markets and the
environment can reduce public support and make actors hesitant to investing in biofuels. The
ELOBIO projectaddresses these issues and develops strategies that can enhance the positive
aspects of biofuel use whimitigating their negative impacts. It presents a vision on policy
options that have the least negative impacts on other markets in food, feed and lignocellulosic
materials. The project consists ipfa review of current experiences with biofuels andeoth
renewable energy policies and their impacts on other markets, ii) iterative stakeholder
supported development of legisturbing biofuels policies, iii) model supported assessment

of these policies' impacts on food & feed and lignocellulosic markets,varithally an
assessment of the selected optimal policies"dgeheration biofuels costs.

Even though the issues related to environmental concerns have not been the focus at the
beginning of this project, the stakeholder discussions have expandscbfiesof this study,
and we included land use and GHG emission aspects of biofuels.

Stakeholder involvement

Stakeholder involvement in ELOBIO project plays a central role as the relevant DG officials,
NGOs, biofuel/lbiomass industry, food and feed indusémergy sector, pulp and paper
industry, researchers and the suppliers of raw material (agricultural crop and forestry) in this
area involves in every step of the project. They have participated from the beginning to
construct the policy packages intedde have low impact on other market@gether with

the stakeholders ELOBIO team identified the key issues and mechanisms that can lead to
marketdisturbancesThis information was used as an input to tin@dellingwork undertaken

in the later stages oheé project. Primary results of the impacts of biofuel expansion on
commodity markets were presented to the stakeholders to get their feedbacks on the
methodologies applied and the fimder policies proposed. Based on the discussions the
proposed policie were fine tuned.

One good example of their added value to the project is that they urged ELOBIO team to
expand the project focus and cover some aspects of the sustainability issues. Moreover, they
highlighted the importance of agricultuddvelopmenand productivity increases as the vital
precondition for responsible biofuels development. More investment in agriculture in
developing countries that benefits both farmers and productanty priority to food security

were some of the genuine conclusiarf the stakeholders. Importance of stable agricultural
markets and ways to reduce price volatility (i.e suggestiopadty measures such as
countercyclical blending mandates), impacts epoaducts of I generation biofuels, indirect

land use changeéssues, competition regarding stationary versus transport sector, limiting
biofuel feedstocks to residues and wastes, and introductidfl géeration biofuels and their
possible impacts on lignocellulosic market®re the areas the stakeholders conteithu
strongly during the course of this project.



elobio .

................................... Biofuel policies for dynamic markets o

2. Biofuel policies and the ELOBIO
scenarios conducted

In 2009, the European Union adopted the Renewable Energy Directive (REEXtive
2009/28/EQwhich includes a 10% target for the use of renewable epéngoad transport

fuels by 2020. It also established the environmental sustainability criteria, including a
minimum rate of GHG emission savings (35% in 2009 and rising over time to 50% in 2017)
and restrictions on the types of land that may be converteduction of biofuels feedstock
crops. The latter criterion covers direct land use changes only. Moreover, the Parliament and
Council asked the Commission to examine the question of indirect land use change (iLUC),
including possible measures to avthds, and report back on this issue by the end of 2010.
Likewise, Countries such as the United States, China, India, Indonesia, South Africa and
Thailand have also adopted policy measures and set targets for the development of biofuels.
While the justifiation of biofuel targets to enhance fuel energy security and to contribute to
climate change mitigation and agricultural rural development is appealing, the reality is
complex since the consequences of biofuels developments ranges from local to glbbal leve
across interlinked social, environmental and economic domains, well beyond the national
setting of domestic biofuels targets.

The potential of GHG savings is a key requirement for biofuel deployment. The extent of
GHG savings varies widely for individudiofuel production chains. Calculation of GHG
saving potentials are further complicated by consideration of indirect land use changes, i.e.
displacement effects such as agricultural expansion that is at least partly induced by bioenergy
feedstock produdain elsewhere. These issues have been in the centre of intense debates and
controversy.

In ELOBIO, we defined a baseline scenario and two alternative biofuel expansion scenarios to
be assessed in model simulations. While all scenarios assume transpgyt deraand as
projected by International Energy Agency (IEA) in its World Energy Outlook (WEO) 2008
Reference ScenarioMEO2008Re}), they differ in their assumed level of biofuel use and
show some variation in the share 8t generation biofuel productiechnologies.

Box 2 ELOBIO modelling assumption
ELOBIO modelling work

The Referencescenario assumes that the biofuel share in 2008 will be constant an
will be no further expansion in the next decades. On the other hand, the s¥¢E&i
assumesegional biofuel use up to 2030 as projected\O2008Refand 29 generation
conversion technologies becoming commercially available after 2015 and being de¢
gradually. The scenari@ AR assumes a fast expansion of biofuel productior
accordance wh mandatory, voluntary or indicative targets announced by n
developed and developing countries.TIARwe assume an accelerated developmer
2" generation conversion technologies and permit rapid deploymeWE® and TAR
all other exogenous vahks, such as population growth, technical progress and g
of the noragricultural sector, are left at the levels specified in the reference projecti

In both scenarioSNVEOandTAR current shares in feedstock use are maintained int
future (eg. for the US it is assumed that 90% of biofuel feedstock demand is from c
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The model assumptions are summarisetable2.

Table 2 Scenario assumptions- Mtoe
Baseline WEO TAR

2020 2030| 2020 | 2030 | 2020 | 2030

Developed countries

Final consumption o0 1505 | 1486 | 1505 | 1486
transport fuels

Biofuels consumption | 45 45 | 63 80 117 178

Share of biofuels ir
transport fuels

Share of ¥ generation 4% [19% [33% [51%

Developing countries

AN ECTEITEIET - @ 1174 | 1529 |1174 | 1529
transport fuels

Biofuels 31 46 72 116

Share of biofuels ir
transport fuels

Share of 2 generation 0% [4% [3% [19%

_

42%54% | 8% 12 %

|

27%|3.0% |[6% 8 %

We also conducted a scenario varidor the two biofuel scenarios WEO and TA
termed WEGVP and TARVP to assess the impact of increased agricultural productiy

Productivity increase assumptions are as follows.

Country Group 1: high productivity growth (S8aharan Africa)
+ 7.5 % by2025 and + 20% by 2050

Country Group 2: medium productivity
+ 4 % by 2025 and + 10 % by 2050

Group 3: no changes (developed countries)
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3. Impacts of biofuel expansion

The ELOBIO modelling results indicate a sigiedint increase in demand for conventional
(first generationfeedstocks to meet the global biofuel targets (Sgare 3 for agricultural
commodities demand for each scenario). Sacsignificant additional feedst& demand
impacts production, consumption, and trade of agricultural commodities, leading to changes
in agricultural prices on the international and national markets. This in turn affects the
investment allocation and labour migration between sectors bud the allocation of
resources withitheagriculturesector

000 Biofuelfeedstock use in 2020
2500
2000
5
E 1500
;_'-g 1000
|:| h T 1
EEF WEO TAE
| BWegetahle oil o Otherfoodl million tors aizancare eqaialent) B Cereals
(a)

14
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Figure 3 Use of agricultural commodities for biofuel production in different scenarios for 2020 (a),
2030(b), and 2050 (c)

3.1 Impacts on agricultural commodity prices

Biofuel demandin addition to increased demand for food push international doatmodity
prices upwards. In 2020, both cereals and other cropsierpe price increases in the order
of 10% to 19% for the different scenarios in this study. The accelerated deployméft of 2
generation biofuels, however, decreases the price impact inARescenario. On the other
hand, protein feed prices are lowengmared to the reference scenario due to larger volumes
of co-products entering the market.

The assumed additional productivity growth rates, however, have a strong impact on the price
developmenbf agricultural commodities, especially after 208gure 4 presents the price
developments in the biofuel scenarios, both with and without additional agricultural
productivity growth, in comparison to the reference scenario.
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Figure 4  Agricultural prices for biofuel scenarios, relative to reference scenario
Source: [IASA world food system simulations, ELOBIO scenarios

3.2 Impacts on agricultural markets

Production increases in response to higher agricultural prices are stronger in developed
countries (seeFigure 5). On the other hand, the assumed productivity growth in the
devel oping wor | d i ncreases t he regionos
production. Compared tihe reference scenari®EF) the developed countries loose market
shares and cereal production increases over time in the developing world.

As a result the value added from the crop and livestock sector increases compared to REF and
the share of developing countries in total eahdded increaseBigure 6 highlights the gains

in value added (additional value added) from the crop and livestock sector between 2020 and
2050 for the two biofuel scenarios (WEO and TAR) and their variantsadiktional growth

in agricultural productivity (WE&P and TARVP respectively.

Figure 5  Additional cereal production for biofuel scenarios, relative to REF
Source: IIASA world food system simulations, ELOBIO scenarios































































