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Energy Solutions Are Enormously
Challenging

S8y Energy Security EcGonomic %
¥ eSecure supply Productivity
«Reliability +Growth in
aemand ]
«Pricevolatility™

Vulnerability
or
Opportunity.

{ Environmental Impact }
82 c+Land and water use
"W\ *Carbon emissions

Must address all three imperatives
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How Big Is the Challenge?

20TW < Advanced technologies
- must help fill this gap

10TW
1TW s Today's optimistic
1GW .. rermrarrer S e forecast for renewable
1950 2000 2050 energy
Source: Arvizu, NREL ":::'FN'\'E'_ National Renewable Energy Laboratory




Thinking Differently:
Account for Externalities

Today’s energy marketplace
does not appropriately
“value” certain public
objectives or social goods,
Instead we have:

— Price volatility

— Serious environmental
Impacts

— Underinvestment in energy
Innovation
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http://www.wtrg.com/daily/clfclose.gif

Mounting Evidence
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Declining Energy R&D Investments...

—— Public Funds
w—— Private Funds
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U.S. R&D Spending in the Energy Sector

Source: Daniel Kammen, Gregory Nemet Reversing the Incredible, Shrinking Energy R&D Budget http://rael.berkeley.edu/files/2005/Kammen-Nemet-ShrinkingRD-2005.pdf
Table 10.3, Edition 25, Transportation Energy Data Book hitp://cta.ornl.gov/data/chapter10.shitml
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http://rael.berkeley.edu/files/2005/Kammen-Nemet-ShrinkingRD-2005.pdf
http://cta.ornl.gov/data/chapter10.shtml

Declining Energy R&D Investments...
Reflect World Oil Price Movement
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Setting the Bar Higher

 U.S. National goals

— Biofuels: reduce gasoline usage by 20% in ten
years

— Wind: 20% of total provided energy by 2030

— Solar: Be market competitive by 2015 for PV and
2020 for CSP

 Challenge goals

— 25% of nation’s energy supply from renewable
sources by 2025

— Others...
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Getting to “Significance” Involves...

Technologies

Viehilizing
Capital

Policies

Source: NREL ole




Global Markets are Growing Rapidly

Global Growth of Wind Energy Capacity
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Money Is Flowing Into the Sector

2006 Investment and M&A — By Sector and Asset Class

wind [} I <5 o)
giofuets [N B om0
. Figures in brackets represent total
Biomass & Waste I:- $7.6bn (118) number of deals. 2006 figure is annualized.

B VC/PE W PublicMarkets [ Asset Financings B M&A

Annual VC Investment Volume — 2001-2004 Compared With 2005-2006

. $15.8m
Wind $29.2m

. $123.3m
Y —
N EEEE——

- $22.5m Figure is the average of all VC deals
Biomass & Waste ‘ $35.1m sector over the set period.
Source: New Energy Finance 2007 . Average ZM'I = 2004 . n?erage 2“’“5 = mi?gl_ National Renewable Energy Laboratory
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Worldwide Markets Have Driven Cost
Reductions — Solar PV Example
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State Policy Framework
Renewable Electricity Standards

Vermont:
Washington: 15% Montana: 15% by 2015 Minnesota: 25% by 2025  lllinois: 8% by 2013 GOAL | RE meets load
by 2020 (Xcel: 30% by 2020) growth by 2012
New York: GOAL

24% by 2013

lowa: 105 MW Wisconsin:
10% by 2015 GOAL

Maine:
30% by 2000
10% by 2017

. t u 4‘,,1\- .‘ GOAL-new RE
ey
ms - e

+ 1% annual increase
RI: 15% by 2020

NY: 24% by 2013

CT: 10% by 2010

NJ: 22.5% by 2021
MD: 7.5% by 2019
DE: 10% by 2019

DC: 11% by 2022

PA: 18% by 2020

MA: 4% by 2009
e

Nevada: 20%
by 2015

California:
20% by 2010

Arizona:
15% by 2025
New Mexico:

10% by 2011 Texas:

5,880 MW by 2015

o & Colorado: 20% by 2020

T W 23 States + District of Columbia
2, Q Hawaii: 20% by 2020 Minimum solar or customer-sited requirement
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Past Investments Have Yielded
Impressive Cost Reductions

2388383353

1885 2000 2005 2010 2013 2020 2025
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Technology Innovation Challenges
The Next Generation

e Wind Turbines

— Improve energy capture by 30%
— Decrease costs by 25%

e Solar Systems

— Improved performance through, new
materials, lower cost manufacturing
processes, concentration

— Nanostructures

» Biofuels
— New feedstocks
— Integrated biorefineries
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Technology Maturity Pathways
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Energy Efficiency and Renewable Energy
Technology Development Programs
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Solar
Photovoltaics and Concentrating Solar Power

Status in U.S.
PV
e 526 MW
e Cost 18-23¢/kWh
CSP
e 355 MW
o Cost 12¢/kWh
Potential:
PV
e 11-18¢/kWh by 2010 PV -
e 5-10 ¢/kWh by 2015 e Partnering with industry
« Higher efficiency devices
CSP « New nanomaterials applications
8.5 ¢/kWh by 2010 « Advanced manufacturing techniques
6 ¢/kWh by 2015
CSP
* Next generation solar collectors
LSJ:Lézid E;ie?nebpe?rnggggf Energy’ = y ngh performance Storage il::;lb"l'\'E'_ National Renewable Energy Laboratory
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Biofuels

Current Biofuels status
* Biodiesel — 91 million gallons?
e Corn ethanol (Nov. 2006)
— 106 commercial plants?
— 5.1 billion gallon/yr. capacity?
— 3 Q 2006 rack price highly
variable $3.50 — 5.50/gallon of
gasoline equivalent (gge)3
o Cellulosic ethanol
— Projected commercial cost
~$3.50/gge

Key DOE Goals
e 2012 goal: cellulosic ethanol ~$1.62/gge
* 2030 goal: 60 billion gal ethanol (30% of 2004 gasoline) |

NREL Research Thrusts i
* The biorefinery and cellulosic ethanol Sy } e
e Solutions to under-utilized waste residues kows Mlve: & v
* Energy crops

Updated November 10, 2006
Sources: 1- National Biodiesel Board, 2 - Renewable Fuels Association, 3 — American Coalition
for Ethanol, all other information based on DOE and USDA sources Q::&N?EL Ratichal e aWaRIc Eact o Labioratary




NREL Expertise Covers the Range of
Biomass and Biofuels R&D

 Biochemical Pathway

— Compositional analysis

— Feedstock pretreatment & enzymatic
hydrolysis

— Advanced fermentation organism
testing and development

— Technoeconomic analysis

 Thermochemical Pathway
— Compositional analysis
— Syngas production and cleanup
— Pyrolysis liquids
— Catalytic upgrading of syngas &
liquids to fuels & chemicals
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Technical Barrier Areas for $1.07

Biochemical Ethanol

E Feedstock Quality
I Feedstock Cost

I Feedstock Variation

Pretreatment |=# Conditioning

¢ Sugar Losses

Xylose Yield
Xylose Degradation
Solids Loading
Reactor Costs

*Hybrid Saccharification & Fermentation - HSF

Enzyme 4 Enzyme Cost ’
Production
HSF*
Co-

> Enzymatic fermentation Product

Hydrolysis of C5 & C6 Recovery

Sugars
I\ 1\ 1
Glucose Yield
Solids Loading (titer) Residue
Processing

Ethanol Yields
Ethanol Concentration

Rate
Hydrolyzate Toxicity
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Cost of Cellulosic Ethanol,

$ per gallon

Remaining Technology and
Cost Barriers

$2.50

$2.00

$1.50

$1.00

$0.50

$0.00

B Improved Fermentation
B Improved Pretreatment

_

2020 DOE
Cost Target

Mature
Technology
Estimate

O Improved Enzymatic Hydrolysis
O Reduced Feedstock Cost

«— 2005 After Enzyme
Cost Reduction

Barriers to Lower Cost

*Feedstock Cost

* Biomass Pretreatment
* Enzymatic Hydrolysis
* Fermentation
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wWind

Today’s Status in U.S.
11,603 MW installed at end of 2006
o Cost 6-9¢/kWh at good wind sites*

DOE Cost Goals

 3.6¢/kWh, onshore at low wind sites
by 2012

o 7¢/KWh, offshore in shallow water by
2014

Long Term Potential
o 20% of the nation’s electricity supply

NREL Research Thrusts

* |Improved performance and reliability
e Distributed wind technology

« Advanced rotor development

« Ultility grid integration

* With no Production Tax Credit

Updated January 23, 2007 ‘,i,

. . . . =1 :
Source: U.S. Department of Energy, American Wind Energy Association 5+ MREL National Renewable Energy Laboratory




Rotor Diameter in meters

Evolution of U.S. Commercial Wind Energy

The 1980s The 1990s 2000 & Beyond -
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Hydrogen

Status

* Working with industry to develop
technologies in quantities large
enough, and at costs low enough,
to compete with traditional energy
sources.

Potential

« Commercially viable hydrogen and
fuel cell systems by 2015

NREL Research Thrusts

 Hydrogen production, delivery,
storage and manufacturing

* Fuel cells
o Safety, codes, and standards

Source: DOE, NREL A ammaats
-%'PN'\E'_ National Renewable Energy Laboratory




Buildings

Status U.S. Buildings:

» 39% of primary energy

* 71% of electricity

» 38% of carbon emissions

» 10% of global carbon emissions

DOE Goal:

» Cost effective, marketable, zero energy
buildings by 2025

 Value of energy savings exceeds cost of
energy features on a cash flow basis

NREL Research Thrusts

* Whole building systems integration of
efficiency and renewable features

» Computerized building energy optimization
tools

 Field experiments and monitoring

« PV/Thermal hybrid systems

 Building integrated PV

» Electrochromic windows
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Mortgage + Utilities ($/yr)

Neutral Cost Point: Greensburg

5000

4500

4000-

3500 Greensburg K A
Target:

3000 Neutral Cost

500 Energy Star
: l BEopt Beta 0.8.04
0 | | 1 | | 1 | 1 | 1
10 20 30 40 50 60 70 80 a0 100
T Source Energy Savings (%)
IECC 2003

(2000 ft2, 2-story, 16% window to floor area ratio, unconditioned basement)
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Achieving the Right Balance:

Technology Investment Pathways

Basic Research Driven

Revolutionary
(10 years and beyond)

Industry Driven
| Accelerated e < Disruptive

Evolutionary 2 (3-10years)
(3years)



Harnessing Innovation in Renewable Energy
Science and Technology:
The Future Promise

e Supercomputers
e Genomics
e Nanoscience

o Cellulosic and biofuels
applications

 Hydrogen

Nano/Bio/Info




Promise of renewable energy iIs
profound and can be realized if we...
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