...mostly convenient truths
from a technology optimist

Vinod Khosla
Khosla Ventures







Solar Flare

_ ¢
- iInod Khosl

John O’'Donnell

vk@khoslaventures.com




Electricity = biggest & fastest growing
carbon problem

Source: IEA WEO 20044




Safe or Not?
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Arctic Meltdown




Greenland Is, Melti
Greentand Meltdown




Increagyidell Affa METRFGAN

All melt records were exceeded in 2005.

Waleed Abdalati, Goddard Space Flight Center




Greenland Takes Out FL, NJ, NYC

Greenland Is 22 Feet of Ocean Height

http://www.solar2006.org/presentations/plenaries/p02-hansen.pdf




East Coast Underwater




http://science.nasa.gov/headlines/y2004/images/bluemoon/elkbath.jpg







NASA NOAA SSEC




IPCC www.conservationcenter.org/assets/docs/Global%20Warming.PDF




Defeatism or Action?

We Insure our homes

Why not our planet?




We have
NO SHORTAGE OF ENERGY




8 Inch deep layer of oil annually

Humans will use 15 in 2050

100,000 Terawatts




A Technology Crisis, not a Resource Crisis!

o Scalability

e Cycle Time to Use

e Cost Competitiveness




Scalability : Land For All Electricity




USA: Looking Good

Germany: 57% world PV US: 7% world PV

Creating a U.S. Market for Solar Energy, by Rhone Resch, President of the Solar Energy Industries Association.




How Much California Land?

2005 Load: 52 GW
2020 Load: 69 GW




Cycle Time to Use

Oll & Coal — millions of years
Gas & Clathrates —100,000’s?
Biomass — 1 -10 years
Thermal Solar — ?

Photovoltaic Solar - instantaneous




Storage For Timeshift




Time-Of-Day Pricing

PG&E (Northern CA) Summer
 Noon — 8pm : 1.95x “nameplate” $/kWh

Coal, Wind get “nameplate” average price
Solar gets 1.2x “nameplate” price

Solar With Storage can get 1.5x




== (5as CC
Nuclear
Coal IGCC

Coal PC
Coal IGCC + CCS
= Gas CT




CSolelf Pacid DPT 2007

DPT 2011
VK 2011

Solar Baseload Pricing




Net Impact of Time-Of-Day
(Including Thermal Storage)

DPT 2007
DPT 2011
VK 2011

Solar Baseload Pricing

10 20 30 40




Costs Including Storage

PV @ $4/Wp

Total $32/W for 60% CF

Thermal CSP $3-9/W for 60% CF

Thermal CSP Is Key To Turning Off Coal




Dish-Engine




Power Towers




Parabolic Troughs

Solar Electric Generating Stations, 354MW, Boron and Harper Lake, CA







Poised for Breakaway Growth?

Crossing Gas Prices

Meeting IGCC Prices (2008-09)

Meeting Pulverized Coal Prices (2008-09)

Large Capital Flows Will Follow Costs




...blases

...hybrids  good

...corn etoh bad

...biodiesel good

...nuclear bad




Hybrid

Corn ethanol

Carbon reduction

20-30%

20-30%

Cost

$5000

$50

Scalability

Battery
breakthrough

Cellulosic
breakthrough

Impact to
automakers

High

Low

Olil reduction

20-30%

90%




...blodiesel relevance

Biodiesel Ethanol

Carbon reduction 80% 20-30%
2006

Carbon reduction 80% 80%
2010

Scalability 600 2500
Gallons/acre

Quality Poor Good

Cost High Med-Low

Sustainability Poor High
2010




...trajectory matters




...nuclear: right answer, wrong

reason




...utility needs

.. dispatchability
.. capacity factor
.. reliability

.. low carbon risk

.. COst




...the chindia test




Khosla’'s Rules

Attack Manageable but Material Pieces

Unsubsidized Market Competitiveness <5 yrs
Technologies that scale

Declining cost with scale

If It Ain’t cheaper, It Doesn’t Scale




...take a big problem (challenge)

.. add the best minds

.. the power of ideas

.. the fuel of entrepreneurial energy
.. and a dash of greed




result: cheaper solutions that work
beyond the elite & the niches




Denial to despair?

Or

...solutions




....technology hope

...high yield biomass crops

...50%+ efficient internal combustion engine
...compressed air energy storage (CAES)
...fundamentally new electrical storage

...byte sized nuclear without fuel problems?

45




....policy hope

.. a true cost of carbon emission or “cap & trade”
...all cars offer “two fuel options” by 2017

...high mandate for renewable fuel (with “relief
valve™)

...national high voltage electricity grid

...equal subsidy to solar, biofuels, coal, solar




...lInvestments or climate solutions?







...photovoltaic cells




...geothermal




...clean coal




...solar thermal (CSP)




... relevant scale” solutions for

...oll

...coal

...materials

...efficiency




...0r get to work

vk@khoslaventures.com
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Questions?

vk@khoslaventures.com




climate solutions

...conventional wisdom

...conventional “new” wisdom

...real relevance




Current Commercial Processes

Natural L>

Oills
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Ethanol Plant Sites

Cilion Destination Model: Proximity to Largest Marke ts and Demand Growth

Denotes 116 MMG Capacity 60




Competitive Advantage

ETHANOL.: $2.25

WDG: $55.00

DDG: $155.00

CBOT CORN: $4.00

NATURAL GAS: $7.50

ELECTRICITY $0.08

Per Gallon Advantages Keyes Famoso Midw est Imperial Pasco Lancaster
Corn Cost 0.37 (0.02) 0.03 0.06
Natural Gas Cost (0.07) 0.00 (0.04) 0.04
Electricity Cost 0.00 0.00 0.00 (0.05)
CO2 & Scale Keyes / Famoso, CA " 0.02 " 0.02 © 0.02 © 0.00 "
Capital Base Case (0.03) (0.00) (0.03) (0.03)
Maintenance (0.01) (0.00) (0.01) (0.00)
Ethanol Delivery (0.21) (0.01) (0.02) (0.02)
DG Shipping (0.16) 0.00 0.01 0.01

Relative Advantage (Disadvantage) (0.09) (0.01) (0.03) 0.02




Biomass Opportunities




Cilion Engineering IP

*Design and Develop Back Pressure Steam Turbine
-Co-generation of electricity
-Operating savings of $0.03 per gallon

*Modular Design for Corn Grinding,
Weighing, and Cleaning
-Speed of construction
-Cost savings of $1.0 million

*Two Story Wet Distillers Grain
Bunker
-Efficiency using gravity
-Less down time




PRAJ R&D — “Matrix”

Cellulosic Fermentation of Wet Distillers Grain
-Increases ethanol yield 20%
-Increases protein content of distillers grain
Multiple Feedstock Plants

Modular Design




Front-end Fractionation

Germ is the most valuable part of the kernel and et  hanol is not
currently capturing its full value




Back-end Extraction




Comparisons

Front-End Back-End

63,800,000 58,000,000

0 0

365,840 442,078

0 3,735,593

50,084 0

9,106 3,735,593
73,988

2.33




Project 3F

Site
FFF Source

*Project 3F — “Fossil Fuel Free”
*Biomass Bollers

*Reduce production cost by $0.13 / gallon
*Anaerobic Digesters

*Biomethane

*Reduce production cost by $0.16 / gallon
«Strong Solar Potential in Imperial Valley
*Objective - 90% Reduction in Fossil Fuel Usage




Project 3F




Other R&D Initiatives

*Project “Mexicali” - Wheat straw to ethanol

*Project “Wood Chip” — San Joaquin Valley wood chip to
ethanol

«Site engineering flexible to handle cellulosic ethanol
*PRAJ

*Western Milling DDG Trials

«Columbia Energy Solutions

Monsanto Feedstock Trials




Mascoma Cellulosic Process




Target Molecules

Initially: In vivo oxygenation reactions

e Target substrates: hydrocarbons, esp. alkanes and
alkenes
e Target products: alcohols and epoxides

Currently: Biofuels

o Similar technology (metabolic/protein engineering)
e Second-generation biofuels, i.e. non-ethanol biofuels




Processing Operations are Migrating to
CBP




Distributed Operational Site Model

At satellite sites strip to crude ethanol (50
-70% EthOH) for refining at a central site.

Centralize finishing distillation and
associated large utilities; site could be a
partnership or could handed off to blender

Focus on highly automated, low operating

cost, low complexity satellite plants feeding
final distillation and blending facility




Mascoma NYETH-1

—




Range K2 System Configuration

 Major Modules

15 min. 5 min. 15 - 20 min.

Feedstock Syngas | Catalytic | Alcohols| Distillation and
: Converter ; ;
Handling Reactor Fractionation

A

Ethanol & Methanol

Product Storage
& Transportation

Tailgas
“Self sustaining”




K2 System Configuration

« Converter
— Flexibility
 Modular and scalable

— Allows systems to be sized to biomass availability
» Scale from 15,000+ gpd to 120,000+ gpd (or more)
» Deploy close to biomass source
» Reduces transportation and handling costs

— Allows easy shipment to and installation near biomass source
» Provides for fabrication economies

15,000-gpd
converter

Feedstock 15,000-gpd .| Catalytic 30,000 gpd /
Handling converter ! reactor 10 million gpy




Biomass Opportunities




Go To Market Timeline

 Rollout

— ldentified additional sites

Proximity to biomass
feedstock and ethanol
markets

Rail and road access

Water, power, gas, and
sewer availability.

Georgia Tier 1 counties,
max incentives

Optimal feedstock draw
area overlap (see 45mi
and 75 mi radii)




CoSkata Combination Process

* Syngas Production-Fermentation-Separations




Commercial Approach:
Industrial Apps of Synthetic Biology

. Select target product

. Validate product economics
and feasibility ‘

. Design synthetic pathway Feedstock A

. Collect and evaluate genes

. Compile components into "
organism

. Optimize organism




LS9’s Disruptive Technology In a
Large Established Market

Industrial
Synthetic
=]{e][e]s)Y,

-

Renewable
Petroleum ™
Biofuels

T | #] e |




Next-Generation Biofuels

1. Identify a gasoline-like biofuel:
Made from the same feedstocks as ethanol
Easily blended into gasoline
Can use existing fuel infrastructure
Use at high blends with gasoline or even as pure fuel
Energy content closer to that of gasoline than ethanol

2. ldentify biochemical pathways

« Pathways for the conversion of biomass to almost any chemical exist
in nature

3. Engineer pathways into an organism of choice

Clone/synthesize genes of interest
Express in heterologous host

Optimize performance by metabolic engineering (carbon, energy flux)
and protein engineering (elimination of bottlenecks)




The Amyris Microbial Factory

Market Advantages

Simple Sugars
Reduced Production Costs _INcreased Margins

Market Expansion
Market Penetration

Amyris

Microbial| Synthetic | )
Cell Pathway Production Agility Spot Market

2 O N Scalability Supply Contracts

Consistency
I I 1

Specific conversion genes ’ Access to Complex Chemistries

unreachable by synthesis or extraction

{

Market Diversity
Over 50,000 isoprenoid compounds




