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GM Strategy: Displace Petroleum
Through Energy: DIVersity: & Efficiency.




Advanced Propulsion Technology Strategy

Promote and execute a nBlended ENn
Incorporates the use of liquid fuels, electricity, and hydrogen
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Composite Effect of New Technologies
(Ethanol, plug-ins and FCVs)
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GMO s:  Commil t-ment t o Bl o

A Is about offering our customers a choice and
Wlity to fuel their vehicles with
| Low cost
Renewable
Sustainable
Domestically Produced

alternatives to petroleum




Key Points on Biofuels

General Motors believes biofuels, including E85 ethanol, are the
most-significant-near-term solution to offset rising vehicle energy
demands and reduce greenhouse gas emissions

Nextgener ati on biofuel s e
0) Provide a clean, renewable alternative to petroleum
0 Will be commercialize in the 2010 T 2012 timeframe

Sustainable biofuels made from non-grain sources could offset up
to 35 percent of future vehicle energy demand by 2030, but the
Infrastructure needs to be in place for commercialization to be
realized

Making E85 a viable alternative fuel requires significant growth in
the number of stations offering the fuel and pricing that accounts
for the 25-30 percent reduction in fuel economy

Feedstocks such as woody biomass, agricultural waste and
purposefully grown energy crops are the most abundant and
sustainable sources for next-generation biofuels



Biofuel Policy Goal: Provide 36 Billion
Gallons of Renewable Fuel in 2022

2007 Energy Independence and Security Act (EISA)

= Biomass-based Diesel
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GMOs Own | nternal St ud
Biomass Potential

AGM6s University of Toronto study estiilia
B tons enough to produce 5071 134 B gal of ethanol

A US DOE billion ton study estimates the annual biomass potential at 1.33 B tons
by 2030 with an ethanol potential of 97.5 B gallons

A Also not a lack of biomass issue i many sources including waste materials but
purposely grown energy crops are critical

A It is atiming issue - based on
technology improvements and

Implementation and economics

OMSW

B Agricultural Residues
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Technology Is Game Changing

Average U.S. Corn Yields

Biotechnology
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Single-Cross .
Hybrids

g

Hybrid genetics &
biotechnology have
driven a five-fold

Open-Pollinated % Increase in average
R e U.S. corn yields since
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Slide from Ceres, Inc. T the energy crop company® Data Source: USDA



The Perfect Energy Crop
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Disease and pest resistance

t
Perennial: multi-year crop,
efficient nutrient use, high

fossil energy ratio

Optimized architecture:
dense planting, no lodging,
easier harvest

Deep roots: drought
| tolerance, nutrient uptake,
/ \ carbon sequestration
Salt, pH and Aluminum
tolerance \ \\

Slide from Ceres, Inc. 1 the energy crop company® 13




LLow: Cost Biomass Will Be Critical to Future
Energy Production Regardless of Fuel
Carrier1-Powertrain System

~

~ Biomass is a feedstock for chemicals, electricity, and natural gas - not
liquid fuels

A Itis essential to successfully grow energy crops atlarge scale

A Biotechnology improvements and agronomics are both key to
Improving yields
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Biofuels Are Moving up Technology Roadmap

Synthetic Biorefinery

Gasification

Cassava

And we have only
just: beglL

Cellulosic Bloethanol

__ Corn (Starches) | | Cassava | __ Grasses, Wood |, Green Gasoline | i
Oil seeds ] Jatropha Waste Algae .

1t Generatlonl AiGen 1 2'1‘31I cGeneratlon 3d4Gen | 4" Gen




Whatis GM Doing

A Vehicle

0
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GM has built 4.5 M FFVs of 8 M on the road in the US
I In Brazil, FlexPower accounts for 94% of sales

I In Sweden, Saab leads the environment-friendly car segment with the
BioPower 9-3 and 9-5, accounting for >80% of Saab new vehicle sales
GMis offering 13 Flex Fuel models for 2010
GMis committed to having 50% of our models E85 capable by 2012

frastructure

Partnering to increase the availability of E85 by promoting the

expansion of E85 stations - NGA partnership a key step

Currently, approximately 2,272 fueling stations in the US, or
approximately 1.5 percent, offer E85, and more than 60 percent of

those are concentrated in Midwest states

90% of registered FFVs do not have an E85 station in their zip code;
nearly 50% donot have E85 in thei

A Technology

0

0

Working with the best researchers in this area
I Consortiums (C2B2, ISU, U of M, and SD NSF, etc.)
I Universities (MSU, MTU, U of T, and Ben Gurion, etc.)
I Research Centers (JBEI, GLBRC, etc.)
Partnering with the best companies (cutting edge technologies) around

the. globe (Mascoma, Caskata, eic.)
16
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Il S commi t t e d h e
Next Generation of Et
& GM has announced strategic alliances with two leading
cellulosic ethanol start-ups, Coskata and Mascoma, that

cover the biothermal and biochemical spectrum in
advanced biofuel technology

Y & Partnership is about accelerating putting next generation
of cellulosic ethanol on the market

- |




Coskat aos ‘Leading Feed
Ethanol Process

Three Step Process is
efficient, affordable,
and feedstock flexible:

Feedstock

1. Incoming material

Eee‘(’ﬂ is converted into a
AR synthesis gas by
gasification
Gas Cleanup & 2. The synthesis gas
Energy Recovery : j i ) fermente_d to
e X _— ethanol using
[ bacteria
’ &y . 3. Ethanol is
z - Fuel-grade
< , Ethanol separated and
, o _ recovered
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Coskata's Technology: Flexible and Affordable

- A Able to use multiple non-food based products around the globe
For exampl ee Municipal and
Wood Waste Grasses/Energy Crops Industrial Wastes

A Will produce ethanol that WI|| be competltlve with gasoline,
unsubsidized in the long term

Yields over 100 gal/dry ton biomass of fuel grade ethanol

Returns up to 7.7 times as much fossil energy as what is,used to
produce the fuel

Uses less than one gallon of fresh water per gallon of ethanol
Reduces green house gas emissions by up to 96%




Coskata Is Proceeding to Commercial Scale

Horizon (Q1 2008)

Integrated Processing
Warrenville, IL

Alntegrated processing
system with methane
thermal reformer, multiple
bioreactor designs, and
distillation
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Lighthouse (2009)

Commercial Demonstration
Madison, Pennsylvania

AMinimum engineering scale
(linear scale-up to
commercial production)

AFront-end biomass gasifier

Awill test multiple
commercial-scale bioreactor
and separations designs

Flagship -
Commercial Facility
Location: Southeast U.S.

A50-60 MM Gallons / yr

AMultiple gasifiers that process
~1500 dry tons/day of
biomass

AOnly fuel-grade ethanol
production

AStartup of facility contingent
on closing financing

21



Massoena’snd@doasiced Tevhaoloyyy S8imdlifed |

Process
Traditional Approach: Mascoma Approach:
Sequential Processing Consolidated Bioprocessing

Feedstock
!| ~ Supply
Acid/Base Harsh ,
Neutralization o -
'

/'
Enzyme
Cellulose
| Fermentation

Xylose
Fermentation
Distillation
& Storage
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MascCcomaos Path to Comm

ADeveloping robust CBP organisms and process to cost effectively convert
non-food biomass into cellulosic ethanol

AFocusing on proprietary technology to integrate best in class pretreatment
process with conversion technology minimizing operating and capital cost

AOne of largest cellulosic ethanol facilities currently under operation with a
production capacity of up to 200,000 gallons/year

ACapable of running on numerous biomass feedstocks, including wood chips,
grasses, sugar cane bagasse, and corn stover

ADrove GM car on cellulosic ethanol produced at Rome plant in Dec 2008

AReceived over $40MM from Department of Energy and the State of Ml

Al ocated in Chippewa County in the Upper Peninsula

ADesigned to produce 40MM gallons/year using hardwoods as the primary
feedstock

23



GM Sandia 90-Billion Gallon Biofuel
Deployment Study

Joint project conducted by GM and Sandia National Laboratories is the first true

Can Large- Scale Biofuels Provide a Real and Sustainable Solution to Reducing
Petroleum Dependence?

1.
2.
3.

What must happen to grow ethanol production to 90B gal by 20307

What is required for cellulosic ethanol to be cost competitive with gasoline?
What are the greenhouse gas, energy, and water footprints associated with this
level of ethanol production?

. What risks could 1 mpact cellul osic et

and how can we mitigate these?



http://images.google.com/imgres?imgurl=http://lh6.ggpht.com/_w9iCMAK8HbY/R-bBKBifg0I/AAAAAAAAB94/gwfQOl3US3c/IMG_9662.jpg&imgrefurl=http://picasaweb.google.com/lh/photo/Lm-GHjTNzj1ujk0J2PwoNQ&h=900&w=1351&sz=122&hl=en&start=20&sig2=_0hYxf-KCDgUOCa5PFcukg&tbnid=rbGopfswUKKvlM:&tbnh=95&tbnw=143&ei=jgh9SOKTM4e6iwHEvPDrAg&prev=/images?q=ETHANOL+TRAIN&start=18&gbv=2&ndsp=18&hl=en&sa=N
http://images.google.com/imgres?imgurl=http://media.sustainableindustries.com/images/ethanol-plant.jpg&imgrefurl=http://www.sustainableindustries.com/transportation/4983381.html&h=248&w=248&sz=26&hl=en&start=17&sig2=O6JD1T2mwBg6BzhANazxwg&tbnid=oj-742eZmwbkQM:&tbnh=111&tbnw=111&ei=6gd9SI7WO6fuigGY5pD0Ag&prev=/images?q=CELLULOSIC+ETHANOL+PLANT&gbv=2&hl=en
http://images.google.com/imgres?imgurl=http://msnbcmedia3.msn.com/j/msnbc/Components/Photos/060227/060227_switchgrass_hlg_10a.h2.jpg&imgrefurl=http://www.msnbc.msn.com/id/11518172/&h=275&w=353&sz=26&hl=en&start=10&sig2=2siiOK4UHRARs57yP1iGoQ&tbnid=z9PSBtQ9974_VM:&tbnh=94&tbnw=121&ei=EQZ9SMfTD6P-iQH80KnuAg&prev=/images?q=SWITCHGRASS&gbv=2&hl=en
http://images.google.com/imgres?imgurl=http://www.inlandtarp.com/external/WebImages/Image/Rnd Bale1.JPG&imgrefurl=http://www.inlandtarp.com/HayTarps.aspx&h=486&w=681&sz=34&hl=en&start=22&sig2=a3ErwnxrtfK4Rl91Zuo44A&tbnid=sxh1NlYGgTwQFM:&tbnh=99&tbnw=139&ei=ogZ9SJWGNo7aiAGLs-jyAg&prev=/images?q=ROUND+BALE+STACK&start=18&gbv=2&ndsp=18&hl=en&sa=N
http://images.google.com/imgres?imgurl=http://www.swstruckbodiesandtrailers.com/Bale Decks/pic2.JPG&imgrefurl=http://www.swstruckbodiesandtrailers.com/baledecks.html&h=321&w=621&sz=57&hl=en&start=5&sig2=ugrVIrLPayhNvXV6qEEkbA&tbnid=wWVaKiEztA4PcM:&tbnh=70&tbnw=136&ei=mAd9SPL7OKP-iQGA0anuAg&prev=/images?q=TRUCK+BALES&gbv=2&hl=en
http://images.google.com/imgres?imgurl=http://inplacenews.files.wordpress.com/2008/04/shell-gas-station-bar-b-cutie2.jpg&imgrefurl=http://inplacenews.wordpress.com/category/oil/&h=531&w=800&sz=370&hl=en&start=1&sig2=4MPYSMvA0v-35Fgwz4oLsg&tbnid=8_HfFMImXL2zfM:&tbnh=95&tbnw=143&ei=1Al9SL_sJYe6iwHCvPDrAg&prev=/images?q=GAS+STATION&gbv=2&hl=en&sa=G

Conversion Technologies Are Linked with

Specific Feedstocks

For each new plant constructed, the Biofuels Deployment Model (BDM)
- selects a feedstock/conversion pair resulting in lowest cost of ethanol

| Gasification

| Catalysts

Ethanol

Short Rotation
Woody Crops

Inputs:
Acres available
Yield vs. time
Years to maturity
Costs

Forest Residue

Inputs:
Resource supply
Cost of harvest

BioThermal

(e.g. Coskate

| Gasification

| Mic

roorganisms

| Enzymes

| Microorganisms

Ethanol

Herbaceous

Inputs:
Acres available
Yield vs. time
% harvestable
Costs

Ag Residue

Inputs:
Acres planted
Yield vs. time
% harvestable

Fertilizer makeup
Cost of harvest

Above linkages are only representative i other combinations possible
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Key Findings of 90B Gallons by 2030

: A RFS2 (1/5th of US gasollne from biofuels) T could be achieved by
successful deployment of cellulosic biofuels (in addition to corn
l ethanol), without displacing current crops grown

A Domestic investment for biofuels production is close to the
iInvestment required to sustain long-term domestic petroleum
production

A Cellulosic biofuels can compete with oil at $90/bbl assuming
reduction in total costs as technology matures

A Policy incentives such as carbon taxes, excise tax credits, and loan
guarantees for cellulosic biofuels are important to mitigate the risk of
oil market volatility

A Large scale cellulosic biofuel production can be achieved at/below
current water consumption levels of petroleum fuels from on-shore
oll production and refining




