CPE' ELECTRIC POWER
(]
RESEARCH INSTITUTE

Electricity Technologies in a
Carbon-Constrained World

Bryan Hannegan
Vice President, Environment & Renewables

Global Leadership and Technology
Exchange
November 10, 2009



Our History ...

 Founded in 1973

 Independent, nonprofit center for
public interest energy and
environmental research

» 450+ collaborative participants in
more than 40 countries

— EPRI members generate more
than 90% of U.S electricity

» Major offices in Palo Alto, CA;
Charlotte, NC; Knoxville, TN

— Laboratories in Knoxville,
Charlotte and Lenox, MA
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Our Value ...

Identifying Promising

Demonstration Projects

Validation of Technologies

New Technologies or Knowledge with Emerging Technologies Ready for Commercialization
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* Applications
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Deployment and
Commercialization
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EPRI’'s Research Portfolio

Generation

Fossil Operations &
Maintenance

Environmental
Controls

Generation Planning
Advanced Coal
Combustion Turbines

Renewables

Nuclear Power

Equipment Reliability

Nuclear Operations &

Asset Management

High Performance Fuel

Nondestructive
Evaluation

High Performance
Workforce

Risk/Safety Mgt
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I Prism / MERGE Analysis...

Roadmap for a low-carbon future...

 Detalled analysis of the pathway to
reducing CO, emissions across the
electricity sector

* Provides guidance on the needed e
generation mix to slow, start and
reverse global CO, emissions

The Foll Portfolic

« Cited In numerous national and
International publications

2009 Update Just Completed

C El S ARCH IR
RESEARCH INSTITUTE

© 2009 Electric Power Research Institute, Inc. All rights reserved. 5



CO, Reductions ... Technical Potential*
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Key Electricity Technology Challenges

Enabling Efficiency, PHEVs, DER
via the Smart Distribution Grid

Enabling Intermittent Renewables
via Advanced Transmission Grids

Nuclear Reactor Life Extension and
Expanded New Deployment

Advanced Coal and Natural Gas
with CO, Capture and Storage

© 2009 Electric Power Research Institute, Inc. All rights reserved.

CPE' ELECTRIC POWER
RESEARCH INSTITUTE



MERGE CO, Reduction Scenario
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MERGE International Agreement Scenario

OECD countries begin abatement now

-

2030: Brazil, Russia, India, China (BRIC) join

Developing Countries Anticipate
Accession: Expectations of future
commitments lead to advance
planning, reduced emissions

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
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MERGE Technology Scenarios

Supply-Side

Carbon Capture and Storage (CCS)

Limited
Portfolio

Unavailable

Full
Portfolio

Available

New Nuclear

Existing Production
Levels ~100 GW

Production Can
Expand

Renewables

Costs Decline

Costs Decline Faster

New Coal and Gas Generation

Improvements Improvements
Demand-Side
Plug-in Electric Vehicles (PEVS) Unavailable Available
End-Use Efficiency Improvements Accelerated
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MERGE U.S. Electric Generation Mix
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I Generation Mix and Electricity Cost* in 2030

Remarkably different futures...and only 20 years away!

Biomass

Biomass

+500 — Coal +CCS

COE*

Nuclear
Nuclear

Limited Portfolio Full Portfolio
* Cost of electricity increase relative to 2007 —_— ELECTRIC POWER
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I Generation Mix and Electricity Cost* in 2050

Totally different futures in 2050

Biomass

Gas

Biomass +210%
COE* COE*

Limited Portfolio Full Portfolio
* Cost of electricity increase relative to 2007 —_ ELECTRIC POWER
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Impact on Natural Gas Markets
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Impact on the U.S. Economy

Technology can reduce policy cost by ~45%

8 00 T E T — 1
Q @ o
g 057 < O
£ g = = £
Q. =-1.0 - o = g — Cost of
3= E D - Policy
o) 8 -1.5 1 al o LL
c ge, ) _
3 Q O ~
O '20 7] - — Q i
0 c o Reduction
o 3 . > in Policy
£ 5257 —Cost with
o Advanced
5__% -3.0 Technology
5 _

-3.5 - —

Value of R&D Investment
EPRI | fi i

© 2009 Electric Power Research Institute, Inc. All rights reserved. 15



Key Insights from Recent EPRI Analysis

* The technical potential exists for the U.S. electricity sector
to significantly reduce its CO, emissions over the next
several decades.

« Low-carbon electricity technologies can drive growth in
electricity demand even as CO, emissions are reduced.

* A low-cost, low-carbon portfolio of electricity technologies
can significantly reduce the costs of climate policy.

* No one technology will be a silver bullet — a portfolio of
technologies will be needed.

« Much of the needed technology isn’t available yet —
substantial R&D, demonstration is required.
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For More Information

Bryan Hannegan

Vice President, Environment and Renewables
Electric Power Research Institute

3420 Hillview Avenue

Palo Alto, CA 94034

(650) 855-2459 (phone)

(650) 387-7985 (mobile)
bhannegan@epri.com

Together...Shaping the Future of Electricity

CPE' ELECTRIC POWER
e
RESEARCH INSTITUTE



