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Five megatrends endangering planetary sustainability

Source: John Schellnhuber, Potsdam Institute,
Oxford University, Tyndall Centre
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Energy Efficiency and
Conservation

— Economy-wide-carbon-intensity
reduction
» Efficient vehicles
* Reduced use of vehicles
» Efficient buildings

» Efficient baseload coal plants

Fuel Shift

* Gas baseload power for coal
baseload power

» Alternative transport fuels

CO2 Capture and Storage

e Capture CO2 at baseload power
plant
Capture CO2 at H2 plant

Capture CO2 at coal-to-synfuels
plant

Nuclear Fission
* Nuclear power for electricity-

Renewable Electricity and Fuels
e Wind
« PV

e Wind H2 in fuel-cell car for
gasoline in hybrid

* Biomass fuel for fossil fuel

Forests and Agricultural Solls

* Reduced forestation, plus
reforestation

Sustainable forest management
Conservation tillage

Source: Robert Socolow, 2005




Fuel Mix Between OECD and Non-OECD
Countries

Source: World Energy Outlook 2007, IEA




India/China Energy Demand by
Sector

Source: World Energy Outlook 2007, IEA




Source: Biofuels for Transport: An International Perspective, IEA 2004




Why Biofuels?

Growing liquid fuel demand; biofuels only current
option in transport sector

We know how to make them
Many suppliers; new market opportunities

With limited fossil fuel use In the transformation
process, biofuel can provide 70/80 improvement in
GHG emissions over gasoline

Move to high cellulosic perennials are theoretically
more efficient than sugar and if yields approach 20
gals/acre

— Could reduce imported petroleum dependency




Drivers of Blofuels

 Economic Opportunity

* Energy Security

e Energy Access

e Environmental Benefits




Market Opportunity

Global Ag Trade is 8% of global trade by
value

Primary energy commodities represent
52% of global trade

Developing and developed countries see a
new opportunity for agriculture.

Potential for diversity of energy supply
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Controversies

* Price Increases
— Food vs. Fuel

e Corn
— Animal Feed
—HFCS
— Ethanol

e Sugar
— Calories
— Alcohol
— Ethanol







Global Biofuel Production




Feedstocks used for Bioenergy

Biofuel yields of selected ethanol and biodiesel feedstock

iLiters Per Hectars)
7,000

6,000

6,000

4,000 Ethanal Feedstock Biodiessl Feedstock
3,000

2,000

1,000 -

Ciom EIJgar Eugar Seybean Caatﬂr sunflower Rapesssd  Jatropha  Palm Ol
Beans




Global Biofuel Production

* Global biofuel production tripled between 2000
and 2007, but still accounts for less than 3
percent of the global transportation fuel supply.

Biofuels will likely be part of a portfolio of
solutions to high energy prices, including
conservation, more efficient energy use, and use
of other alternative fuels.




Top Five Biofuels Producers in 2005

ETHANOL
Country

Million
Gallons

Feedstocks

Brazil

4356

Sugarcane

U.S.

4284

Corn

China

528

Corn, wheat

EC

251

Sugarbeet,
sorgham

79

Sugarcane




Top Five Biofuels Producers in 2005

BIODIESEL

Country (g/laltlllllc())r?s Feedstocks

Germany 507 Rapeseed

France 135 Soybean
U.S. 77 Rapeseed

Italy 60 Rapeseed

Austria 22 rapeseed




Mandates and Policy Drivers

@ EU Biofuels Directive 2003/30 called for 2% of biefs
oy 2005 and 5.75 by 2010.

@ Future: A10 % binding minimum targdor the share of
piofuelsin overall EU transport petrol and diesel
consumption by 2020.

@ EU looking at certification for sustainability — aee
know what that is?

@ U.S. Renewable Portfolio Standard — none yet, bat no
binding goals: 36 billion gallons by 2022.

@ US “25x25 Coalition” promotes 25% of US energy fro
renewables by 2025; possibly 60 — 86 billion gallons.




Base case

Source: Expert interviews; FAPRI, United States; FAO; McKinsey analysis




Some Conclusions

EU and US policy mandates are going to drive
biofuel production domestically.

Both EU and US will likely have to import some
biofuels to meet ambitious targets.

Standards and liberal trade rules could provide
new opportunities.

Demand for transport fuel creates steady growth
In GHG emissions

— We need to contain that growth and can do it if we
can identify optimal blends




Conclusions (continued)

Second generation feedstock use will be
critical for optimization.

Biomass/bioenergy for electricity generation
may make more sense for domestic energy
In policy — especially in Africa.

Policies need to shape markets with a view
to minimizing externalities in production.

Land use changes will occur with or without
biofuel production.

Water availability may constrain production
In some regions.




