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Global Biofuel Production — Medium-Term Outlook
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e Global biofuels production rises from 1.8 mb/d (105 billion L) in
2010 to 2.3 mb/d (135 billion L) in 2016

— A total increase of 0.5 mb/d...
— ..equivalentto an average yearly growth of 4.3% or 90 kb/d

e On an energy adjusted basis versus oil, biofuels supply increases
from 1.3 mb/d (2.4 EJ) in 2010 to 1.7 mb/d (3.4 EJ) in 2016

— Energy adjusted supply growth to meet 9% of gasoline and gasoil
growth, with ethanol at 24% of gasoline growth and biodiesel at 4%
of gasoil growth

— Yet, in 2016, biofuels satisfy only 1.8% of total global demand
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The BLUE Map Scenario — Towards a low-carbon energy sector

P El:l o

E 55 ] Bmli"ﬂ imirﬁnns EIEt ...............................

(c] &0 - B Other transformation 14%
ﬁ Buildings 14%
35 4 B Transport 23%
30 .-

2 W Industry 16%

20 + B Power sector 32%

15 BLUE Map emisgdons 14 Gt ..
10+
o N RO T oy LI BOS SAP L R R B A TR e >
WED 2009 450 pprm case ETP2010 analysis
D L T L] i T ] i 1

2010 2015 2020 2025 2030 2035 2040 2045 2050

m Baseline Scenario — business-as-usual; no adoption of new energy and climate policies

® BLUE Map Scenario - energy-related CO,-emissions halved by 2050 through CO,-price
and strong support policies

M Serves as basis for all IEA Technology Roadmaps
B 23% of globalemission savings occurin the transport sector

© OECD/IEA 2011
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IEA Technology Roadmaps

W Roadmaps are intended to:

m  Highlight pathway(s) to reach large scale use of low-carbon technologies, consistent with Energy Technology
Perspectives publication

B Focus on the key steps over the next 5-10 years, as well as long-term milestones, including:
B Identifybarriers and obstaclesandhowto overcome these
[ | Identify key conversion pathways
B KeyRD&D gapsandhow to fill themwhile ensuring sustainability
B Identifymarketrequirements and policy needs
B Defineinternational collaboration needs

For more information: www.iea.org/roadmaps

m |EA Technology Roadmap - Biofuels for Transport
W Developed under consultation of industry, governmental and research institutions as well as NGOs
W 2 expert workshops on technologies and feedstock availability and sustainability
- the latter feeds also into the upcoming Technology Roadmap on Bioenergy for Heat and Power

Y E
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|IEA Biofuel Roadmap: Vision
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m  Global biofuel supply grows from 2.5 EJ today to 32 EJ in 2050

B Biofuels share in total transport fuel increases from 2% today, to 27% in 2050
[ Diesel/kerosene-type biofuels become particularlyimportant to decarbonise heavy transport modes

m  Biofuels could reduce global transport emissions by 2.1 Gt CO,-eq. in 2050
m Large-scale deployment of advanced biofuels will be vital to meet the roadmap targets © 0ECoiEA 2011
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m  Biofuel use will increase considerably in all regions

Biofueldemand driven mainly by OECD countries until 2020

In 2050, non-OECD countries account for 70% of total biofuel consumption
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m  Trade will be vital to supply biomass and fuels to regions with strong demand
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Land Requirements
q
Pressure on agricultural land can be
:;:: limited and risk of ILUC can be mitigated
90 - through:
80+
70 B Productivity improvements
% Eg: B Use of residues and wastes
w0 B Use of pasture/ unused land
30 44 ®  Potential for wood biomass
20 ® Biomass cascading & biorefineries
10 - B Land-use zoning and sustainable land-
0 - . . 1 . 1 use management schemes
2010 2015 2020 2025 2030 2035 2040 2045 2050
Biomethane B Eicjet B Eiodiese - advanced Biodiesel - conventional
B Ethanol - cellulosic Ethanal - cane Ethanal - comventional

Note: This is gross land demand, excluding land-use reduction potential of co-products

B Land required to produce biofuels increases from 30 Mha today to 100 Mha in 2050, in addition to
1 billion tons of residues

B Sustainable land expansion will be challenging given increasing demand for food and biomaterial

B Sound policies are needed to ensure sustainability and mitigate risk of indirect land-use change (ILUC)
B Inthe long-term, a sustainable land-use management for all agricultural and forestry land is needed:® =



Sustainability

=3
B TS TN

Employment GHG emissions and air quality Energy security and selfsufficiency
Land issues Soil quality Balance of payments

Smallholder integration Water use and quality Financing

Food security Biodiversity Fuel cost

Sound policies are needed to ensure biofuels are produced sustainably

Adoption of internationally aligned sustainability certification for biofuels

® Certification schemes should be based on international sustainability criteria (as developed e.g. by the Global
Bioenergy Partnership, GBEP)

However, most sustainability issues are relevant to the whole agricultural/ forestry sector
Ultimately, all agricultural and forestry products should be certified

© OECD/IEA 2011
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Biofuel Production Costs 2010-50
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Production costs shown as untaxed retail price
Most conventional biofuels still have some potential for cost improvements
Advanced biofuels reach cost parity around 2030 in an optimistic case

Total expenditure on biofuels 2010-50 sums up to USD 11-13 trillion (i.e. 11-12% of total fuel costs)

Incremental costs compared to use of fossil fuels are in the range of +/-1% of total fuel cost
spending in the next 40 years

© OECD/IEA 2011
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Key policy actions

Stability:
B Create along-term policy framework for biofuels.

Innovation and Deployment:
®m  Provide sustained funding for advanced biofuels RD&D and commercial deployment.
W Support research efforts on land availability mapping and biomass potential analysis.

Sustainability:
B Adopt sound, internationally aligned sustainability certification for biofuels.
B Link economic incentives to sustainability performance of biofuels.
® Incentivise use of wastes and residues.

International Collaboration:
m Engageininternational collaboration on capacity building and technology transfer.

®  Promote the alignment of biofuel and other related policies (agriculture, forestry, rural
development).

© OECD/IEA 2011
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Incremental Costs of Biofuels

Lovwr-cost scenario

200
100
£ ’ E— ' I m Additional expenditure on biofuels
a "™ (compared to diesel/gasoline):
™ am - B USD 890 billion of fuel cost savings in the low-
300 - cost scenario
400 . B USD 810 billion additional expenditure in the
High-cost scenatio Ao H00 a0 high-cost scenario
404
200 -
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Overview on Biofuel Technologies

Advanced biofuels

Comventional biofuels

Basic and applied R&D Demonstration Early commercial Commenrcial
. : Ethanol from sugar
Bioethanol Cellulosic ethanol S starch
| | |
Dieseltype | Biodiesel from microalgae; BtL'-diesel Hydrotreated Biodiesel
biofuels| Sugarbased hydrocarbons  (from gasification + FTY) vegetable oil (by transesterification)
| I
Other fuels Novel fuels Biobutanol; DME’, Mothana
and additives (e.g. furanics) Pyrolysisbased fuels
| |
: | Biogas
Biomethane Bio-SG (anaerobic digestion)
| |
All other  Gasification Biogas
Hydragen novel routes with reforming reforming
| |

Liquid biofuel

Gaseous biofuel

1. Biomassto-liquids; 2. FischerTropsch; 3. Dimethylether, 4. Biosynthetic gas.

® A broad number of conversion routes exist

Source: Modified from Bauen et al., 2009.

® More RD&D is needed to get advanced biofuels to commercial-scale to prove they can

meet costand GHG targets

© OECD/IEA 2011
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Hote: BModal shifts {(not included) could contribute an additional 1.8 Gt CO_-eq. of emission reductions.

m Efficiency improvements are the most important low-cost measure to reduce transport emissions

m  Biofuels can reduce global transport emissions by 2.1 Gt CO,-eq. in 2050
- Need for efficient technologies that provide considerable life-cycle GHG emission reductions

© OECD/IEA 2011
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Global Biomass Potential
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“Lower risk" technical
biomass potential 2050

et al., 2008 and Bauen et al.,

() Source: Adapted from Dornburg

2009, and supplemented with

data from IEA, 2010c.

™ A considerable potential of “low risk” biomass sources has been assessed

m Biomass for biofuel production (65 EJ) could come entirely from residues, wastes, and
sustainably grown energy crops

© OECD/IEA 2011
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However...
Biofuels sustainability increasingly questioned
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B Discussion on competition with food production (food vs. fuel)

Biofuels responsible for 3%-75% of food price increase
“Crime against humanity” (Jean Ziegler, UN Special Rapporteur)

© OECD/IEA 2011
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Biofuel sustainability
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M Agricultural commodity prices fell considerably after July 2008

2002 2003 2004 2005 2006 2007 2008 2009 2010
Source: FAO

B Latest studies suggest biofuels had only a limited impact on food prices
® Biofuel production occupies “only” 30 Mha (<1% of 5 Gha agricultural area globally)
® Biofuel production generatesvaluable co-products that enter the fodder market (dried
distiller’s grains, soy-meal)
B What are key factors impacting agricultural commodity prices?
B Weather
B OQil price
B Speculative trading
u

Currency VOlatlllty © OECD/IEA 2011



