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Our History…

• Founded by and for the electricity 
industry in 1973

• Independent, nonprofit center for 
public interest energy and 
environmental research

• Collaborative resource for the 
electricity sector

• Over 450 participants in 
40 countries
– Major offices in Palo Alto, CA; 

Charlotte, NC; Knoxville, TN Chauncey Starr 
EPRI Founder
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Help Move Technologies to the Commercialization Stage…

Our Role…

Technology Accelerator!
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EPRI’s Prism / MERGE Analysis...

Roadmap for a low-carbon future…

• Detailed analysis of the pathway to 
reducing CO2 emissions across the 
electricity sector

• Provides guidance on the needed 
generation mix to slow, start and 
reverse global CO2 emissions

• Cited in numerous national and 
international publications
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Context

The EPRI Prism IS …
• A bottom-up estimate of GHG reduction potential
(if we accomplish X, we can reduce emissions by Y)

The EPRI Prism is NOT …
• A rigorous unit-by-unit assessment 
• A detailed economic analysis
• A climate policy recommendation

Intended to start conversations about technology, not end them! 
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• Efficiency
– End-Use Efficiency
– T&D Loss Reduction

• Renewables
– Central Station (Wind, Solar CSP, Biomass, Geothermal)
– Distributed (Solar PV)

• Nuclear
– Existing Plant Life Extension
– New Advanced Reactors 

• Fossil Plant Efficiency
– Heat Rate Improvements for Existing Coal
– High Efficiency New Coal and New Gas

• Carbon Capture and Storage
– Existing Coal Retrofits
– All New Coal + NGCC Post-2020

• Expanded Use
– PHEVs
– Electrotechnologies

Components of the 2009 Prism

EPRI Analysis and Initiatives

EPRI RPS Analysis

EPRI – INL Roadmap

EPRI – CURC Roadmap

EPRI CoalFleet; CCS Demos

EPRI Analysis
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CO2 Reductions … Technical Potential*

EIA Base Case 2009

0

500

1000

1500

2000

2500

3000

3500

1990 1995 2000 2005 2010 2015 2020 2025 2030

U
.S

. E
le

ct
ric

 S
ec

to
r C

O
2

Em
is

si
on

s
(m

ill
io

n 
m

et
ric

 to
ns

)

41% reduction in 2030 from 2005 level is technically 
feasible using a full portfolio of technologies

Efficiency

Renewables

Nuclear

Coal, CCS

PEV

Electro‐

 

Technologies

*Achieving all targets is very aggressive, but potentially feasible.

Presenter
Presentation Notes
2030 EIA emissions = 2700 mmT CO2

Efficiency = 2700 – 2525 = 175 = 10%

T&D efficiency = 2525 – 2500 = 25 = 2%

Renewables = 2500 – 2150 = 350 = 21%

Nuclear = 2150 – 1850 = 300 = 18%

Adv coal plant efficiency = 1850 – 1800 = 50 = 3%

Existing coal efficiency = 1800 – 1750 = 50 = 3%

New and retrofit plant CCS = 1750 – 1450 = 300 = 18%

Electric transportation = 1450 – 1200 = 250 = 15%

Electrotechnologies = 1200 – 1025 = 175 = 10%

Total 2030 Prism emissions reduction = 1675 mmT CO2

Difference 2030 annual emissions (EIA – Prism) = 1025 mmT CO2 = 38%
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Key Technology Challenges

• Expanded Advanced Light Water 
Reactor Deployment

• Enabling Efficiency, PHEVs, DER 
via the Smart Distribution Grid

• Enabling Intermittent Renewables 
via Advanced Transmission Grids

• Advanced Coal Plants with CO2 
Capture and Storage

Presenter
Presentation Notes
Key Message:
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MERGE CO2 Reduction Scenario
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U.S. Electric 
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80% reduction in CO2 
emissions from 1990

Remainder 
of U.S. 

Economy

2005 = 5982 mmT CO2

2030 = 42% below 2005 
(3470 mmT CO2 )

2050 = 83% below 
2005 (1017 mmT CO2 )

Assumes other countries follow 
similar path to 80% reductions: 

OECD starts in 2010 
BRICs start in 2030 
All others start in 2050

Presenter
Presentation Notes
It is important to note that if banking or borrowing of CO2 emissions is allowed (e.g. as is the case under Waxman-Markey), the actual path of achieved CO2 emissions will not match the constraint at any given point in time.



If emitters choose a lot of borrowing in a given year, then the annual emissions will be actual emissions reduced by the borrowed allowances (lower than the constraint for that year).

Conversely, if emitters choose a lot of banking, then the annual emissions will be actual emissions plus voluntarily added emissions that create banked allowances for the future (higher than the constraint for that year).

Cumulative emissions over time will depend on whether policies require that specific annual emissions levels be met for specific point in time. Such requirements will alter the path of actual annual emissions.



For reference, Waxman-Markey emissions goals per EEI 7/14/09 summary – From EIA 2008, U.S. economy wide emissions in 2005 were 5982 million metric tons CO2



3 percent below 2005 levels by 2012 => 5803 mmT CO2

17 percent below 2005 levels by 20201 => 4965 mmT CO2

42 percent below 2005 levels by 2030 => 3470 mmT CO2

83 percent below 2005 levels by 2050 => 1017 mmT CO2
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MERGE Technology Scenarios

Supply-Side

Carbon Capture and Storage (CCS) Unavailable Available

New Nuclear Existing Production 
Levels ~100 GW

Production Can 
Expand

Renewables Costs Decline Costs Decline Faster

New Coal and Gas Generation Improvements Improvements

Plug-in Electric Vehicles (PEVs) Unavailable Available

End-Use Efficiency Improvements Accelerated 
Improvements

Demand-Side

Limited 
Portfolio

Full 
Portfolio 
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Presenter
Presentation Notes
Limited Portfolio notes



Nuclear share grows, slightly contracts after 2030 due to eventual limits on fuel availability for plants based on once-through fuel cycle

Tighter emissions constraint results in no un-captured coal after 2030.

More biomass than in the Full Portfolio case, solar thermal appears. (note: Most biomass feedstocks go to biofuels production in the model, mainly due to fact that more technology options at lower cost available in electric sector compared to transportation sector to reduce emissions.)

From 2030-2050, natural gas electricity generation ~ 2000 TWh/year, which adds up to ~ 18% of current reserves.

Demand reduction is so large that total demand growth is nearly flat from 2000 – 2050. Under the tighter constraint, magnitude of demand reduction grows more quickly. �

Full Portfolio notes



Nuclear continues to grow under policy., but less due to higher costs, anticipated fuel availability limits

Considering CCS for both new coal and retrofits, CCS starts relatively soon (2010).

Generally, CCS plays a slightly smaller role in the portfolio due to tighter constraint and higher costs.

The transition to rapid growth in new coal+CCS in 2030 driven by tighter emissions constraint, slower nuclear expansion due to anticipation of fuel availability limitations.

Natural gas represents a moderate element of the portfolio, constrained by tightness of emissions constraint, particularly beyond 2030.

Demand reduction much larger than in previous analyses due to tighter constraint and higher generation technology costs.
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> $50/MT CO2 by 2020 for either portfolio

Presenter
Presentation Notes
GDP Impact of CO2 emissions constraint (discounted sum, 2010-2050, expressed in constant 2000 $)

Limited Portfolio = $3T

Full Portfolio = $1.9T

Magnitude of cost savings due to full portfolio about the same as before – around $1T, but benefit smaller in percentage terms due to overall higher costs due to tighter constraint



CO2 prices for Full Portfolio policy case

1400 TCF gas supply: 2020 - $51/metric ton CO2; 2050 - $128/metric ton CO2

2000 TCF gas supply: 2020 - $44/metric ton CO2; 2050 - $128/metric ton CO2

2050 prices are about same because by this time, CO2 price is relatively insensitive to gas price due to tightness of constraint, i.e. not much gas in overall mix
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+90% 
COE*

+50% 
COE*

Remarkably different futures…and only 20 years away!

Generation Mix and Electricity Cost* in 2030

* Cost of electricity increase relative to 2007

Presenter
Presentation Notes
Limited Portfolio notes



Nuclear share grows, slightly contracts after 2030 due to eventual limits on fuel availability for plants based on once-through fuel cycle

Tighter emissions constraint results in no un-captured coal after 2030.

More biomass than in the Full Portfolio case, solar thermal appears. (note: Most biomass feedstocks go to biofuels production in the model, mainly due to fact that more technology options at lower cost available in electric sector compared to transportation sector to reduce emissions.)

From 2030-2050, natural gas electricity generation ~ 2000 TWh/year, which adds up to ~ 18% of current reserves.

Demand reduction is so large that total demand growth is nearly flat from 2000 – 2050. Under the tighter constraint, magnitude of demand reduction grows more quickly. �

Full Portfolio notes



Nuclear continues to grow under policy., but less due to higher costs, anticipated fuel availability limits

Considering CCS for both new coal and retrofits, CCS starts relatively soon (2010).

Generally, CCS plays a slightly smaller role in the portfolio due to tighter constraint and higher costs.

The transition to rapid growth in new coal+CCS in 2030 driven by tighter emissions constraint, slower nuclear expansion due to anticipation of fuel availability limitations.

Natural gas represents a moderate element of the portfolio, constrained by tightness of emissions constraint, particularly beyond 2030.

Demand reduction much larger than in previous analyses due to tighter constraint and higher generation technology costs.
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Meeting the Challenge
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Key Insights from Prism/MERGE

• The technical potential exists for the U.S. electricity sector 
to significantly reduce its CO2 emissions over the next 
several decades.

• Low-carbon electricity technologies can drive growth in 
electricity demand even as CO2 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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EPRI’s Prism 2.0:  The Next Generation

Featured in August 19th

New York Times…
• Debuted at EPRI Summer 

Seminar

• Great interest across the industry

• Completion by end of year

“The one size fits all … from a technical 
perspective, doesn’t make a lot of 
sense… the model is illustrative, not 
predictive.”

– Bryan Hannegan 
EPRI Vice President – Environment & 

Renewables
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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
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