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National Renewable Energy Laboratory

e Only national laboratory dedicated to renewable energy
and energy efficiency R&D

e Research spans fundamental science to technology
solutions

» Collaboration with industry and university partners is a
hallmark

e Research that iIs market relevant
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Energy Efficiency & Renewable Energy
Technology Development Programs
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Energy Solutions are Enormously
Challenging

Economic
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We need a balanced portfolio of options
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Will Renewable Energy Have a Significant Impact?
Three Key Questions

* |s there enough resource?
 |s it worth the effort — value?
e Can we get the costs down?




National Resources
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Capturing the Value of Renewable Energy

 Energy Balance
e Carbon Balance
e Economic Balance

Energy and Carbon Intensity
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Renewable Energy Electricity Generation
Costs as Percentage of 1980 Levels:
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Increasing Renewables in the Energy Mix

Technologies

Capita

Viohilizat)

Policies Markets
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President’s Advanced Energy Initiative
2007 Budget

F

« National goals to address
American “addiction to oll”

e 22% Increase in DOE
“clean energy” funding

 Major new R&D
Investments in solar, wind, ;
biorefinery and hydrogen
fuel cells
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Value to the Nation:
Initiatives will Accelerate Progress

Solar America Initiative

.35
LR Iy
Businass
—_ As Usual
= 125
=
(Mo ]
= .20+
“E-,mx
E L[]
30,000 %
Mew LS. Jabs
0.05 S10E “
industry | 4€7
o |

N T T N T T

Hydrogen Fuel Initiative
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Without a different

approach, meeting these
aggressive goals is a high-risk
proposition
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Renewable Energy R&D
FYO6 Appropriations

(in $1,000s)
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State Policy Framework

Renewable Electricity Standards

Montana: 15% by 2015
Nevada: 20% by 2015 :
Y Minnesota: 19% by 2015* New York:

lowa: 2% by 1999 SR g/l;iznoeo:OSO%
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I.“M NJ: 6.5% by 2008
— " MD: 7.5% by 2019
.' ’ DE: 10% by 2019
“‘ D.C: 11% by 2022

PA: 18% by 2020

Wisconsin:
2.2% by 2011

JMA: 4% by 2009
RI: 15% by 2020
CT: 10% by 2010

an

California:
20% by 2017

Arizona: 1.1% by
2007

(B .
*Includes requirements

Texas: adopted in 1994 and 2003 for

5% by 2015 one utility, Xcel Energy.
~~ B20 States + D.C.

New Mexico:
10% by 2011

Q .
/ ‘. Colorado: 10% by 2015 (4% SOIar) Source: DSIRE database, January 2006

e
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Renewable Energy:
Enabling Economic Growth in Colorado

 Plentiful resources
* Centers of Excellence
 Favorable regulatory and business environment
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Colorado’s Resource Mix
All Electric Utilities

Natural gas - 20% Renewables — 1%

Hydro - 3%

Coal - 76%

Source: Energy Information Administration, Electric Power Annual,

2003 (published January 2005) -E:}MFl e e
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Grand
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- 38°

The annual wind power estimates
for this map were produced by
TrueWind Solutions using their
Mesomap system and historical
weather data. It has been validated
with available surface data by NREL
and wind energy meteorological
consultants.
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Wind Power Classification
' ' Wind Resource  Wind Power Wind Speed® Wind Speed®
108° 106° 104° Power Potential Densityat 50 m at 50 m at50 m
Class Wim?2 m/s mph
50 0 50 100 150 200 Kilometers 1 Poor 0- 200 0.0- 59 0.0-13.2
-~ ) 2 Marginal 200 - 300 59- 6.7 13.2-15.0
N 50 100 Miles 3 Fair 300 - 400 6.7-74 15.0 - 16.6
Indian 4 Good 400 - 500 74-79 16.6 - 17.7
Reservation 5 Excellent 500 - 600 79- 84 17.7-18.8
6 Outstanding 600 - 800 84-93 18.8 - 20.8
Ute Mountain 7 Superb > 800 >93 >20.8
. U.S. Department of Energy [ 2 | southemn Ute 2Wind speeds are based on a Weibull k of 2.0 at 1500 m elevation.
National Renewable Energy Laboratory
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This study estimates the technical

. biomass resources available in the

United States by county, based on
one year of production. It includes
the following feedstock categories:

- Agricultural residues (crops and
animal manure);

- Wood residues (forest, primary
mill, secondary mill, and urban
wood);

- Municipal discards (methane
emissions from landfills and
wastewater treatment plants);

- Dedicated energy crops (on
Conservation Reserve Program
and Abandoned Mine Lands).

This data is still under review by NREL.
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The annual solar resource estimates
shown are for a 1-axis tracking flat
plate collector. It is a 5-year average
(1998-2002) with 10 km resolution,
produced by Richard Perez (SUNY)
and adjusted by NREL.
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The New Jersey Story

New Jersey

o Growing its PV market at a faster rate than
any other state despite a moderate resource

* Progressive public policies - RPS, System
Benefits Fund, interconnection standards,
and net metering legislation and rules




Other Progressive States’ Stories

California

« Meaningful financial incentives: rebates for PV are
priced sufficiently to have resulted in 80 MW of
reservations.

 Significant financial resources: Systems Benefit Fund
paid for deployment and R&D projects since utility
sector re-regulated.

Texas

* Meaningful financial incentives: RPS has a significant
penalty for non-compliance.

o Significant market impact: RPS credited with
jumpstarting the wind market. Clear goals, stated in
terms of actual capacity rather than as a proportion of
the total energy mix.
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Colorado Policy Framework:
Amendment 37

e Will require 110-118 MW of solar and 1,275-
1,384 MW of utility-scale wind power by 2015

 NREL is providing technical assistance to
Xcel Energy

— Software for evaluating sites for off-grid and grid-

connected solar rooftop commercial electricity
systems

€2 XcelEnergy’ 6: PNREL
‘I:I'H'\‘E‘. mmmmmmmmmmmmmmmmm tory



http://www.xcelenergy.com/

Leveraging the Federal Investment to
Create New Businesses

e NREL, NIST, NOAA, NCAR
e Universities
 \World-class facilities

Technology Partnerships...
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& Facilities

Intellectual property combined with NREL know how
| moves technology to commercialization



http://www.ncar.ucar.edu/info/NCARlabBig.GIF

Directions In Energy Science and Technology:
The Future Promise

e Supercomputers

e Genomics

e Nanoscience

e Fusion applications

e Cellulosic and biofuels
applications

 Hydrogen

Nano/Bio/Info




Conclusion

e Unigque opportunity — national sense of
urgency about energy

* |ntegration of energy efficiency and
renewable energy will largely be local,
distributed

* Progressive states will capitalize on
renewable energy’s benefits earlier than
others
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The U.S. Department of Energy’s
National Renewable Energy Laboratory

www.nrel.gov
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