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Defining the Electricity Technology Challenge

» De-carbonize the electricity infrastructure

* Provide reliable, affordable, and environmentally
responsible electricity to consumers

Two Key Metrics: CO, Emissions and Cost of Electricity
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The CO, Challenge
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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


The Cost Challenge
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The Technology Challenge
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Understanding the Technology Challenge

Insights Provided by Two Different Analytical Models

e Bottoms-up “Prism” Technology Analysis

» Uses Energy Information Administration’s (EIA) Annual Energy
Outlook as the base case

« Estimates CO, reduction impacts relative to the base case if more
aggressive technology targets could be met

e« Tops-down “MERGE” Economic Analysis
» Optimization model of economic activity and energy use

* Inputs: Energy supply technologies and costs for electric generation
and non-electric energy

» Constraints: Carbon policy and energy resource availability

» Qutput: Economy-wide impacts of carbon policy
EPISI | Bt memmre
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Presenter
Presentation Notes
Limited Portfolio: A portfolio of existing deployable technologies including ongoing evolutionary improvements.



Full Portfolio: Includes the limited portfolio plus advanced technologies deployable by the end of the next decade as a result of aggressive and successful development, demonstration, and early deployment actions during the next 10 years. Consistent with Prism.



MERGE:



Model for Estimating the Regional and Global Effects of Greenhouse Gas Reductions (MERGE)�

Designed to examine economy-wide impacts of climate policy�

Each country or group of countries maximizes its own welfare�

Prices of each GHG determined internally within model�

Top down model of economic growth�

Technological detail in energy sector



One of three models used by U.S. Climate Change Science Program and in many other international and domestic studies


U. S. Electric Sector CO, Emissions
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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%




2009 Prism
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Presentation Notes
Energy efficiency results in reducing the load growth from 0.85% to ~0.5%.



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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2009 Prism — PEV and Electro-Technologies
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Presentation Notes
Energy efficiency results in reducing the load growth from 0.85% to ~0.5%.



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%




Generation by Fuel Source in 2030

Coal

Coal CCS
Petroleum
Gas

Gas CCS
Nuclear

Hydro Nuclear
Renewables

Renewables

19%
Nuclear

OB B O0O0O0ON N

28%

What if we LIMIT the -
Generation PORTFOLIO? |TWh
Prism = 60% no- or low-carbon electricity by 2030

ELECTRIC POWER
RESEARCH INSTITUTE

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

10




N

Technology Portfolios

e Limited Portfolio

No CO, capture and storage
(CCS)

Nuclear generation does not
expand

No plug-in electric vehicles
(PEV’S)

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

Coal and Gas CCS
available

Accelerated end-use
efficiency

PEV’s can expand

Nuclear production can
expand
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Presentation Notes
Limited Portfolio: A portfolio of existing deployable technologies including ongoing evolutionary improvements.



Full Portfolio: Includes the limited portfolio plus advanced technologies deployable by the end of the next decade as a result of aggressive and successful development, demonstration, and early deployment actions during the next 10 years. Consistent with Prism.



MERGE:



Model for Estimating the Regional and Global Effects of Greenhouse Gas Reductions (MERGE)�

Designed to examine economy-wide impacts of climate policy�

Each country or group of countries maximizes its own welfare�

Prices of each GHG determined internally within model�

Top down model of economic growth�

Technological detail in energy sector



One of three models used by U.S. Climate Change Science Program and in many other international and domestic studies


MERGE Economic Model

e Optimization Model of Economic Activity
and Energy Use through 2050

— Maximize Economic Wealth

* Inputs

— Energy Supply Technologies and Costs for
Electric Generation and Non-Electric Energy

e Constraints

— Greenhouse Gas Control Scenarios

— Energy Resources

e Outputs

— Economy-wide Impact of Carbon Policy

EPPI2 | researci msmmore
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MERGE U.S. Electric Generation Mix
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Aggressive Energy Efficiency Needed with Either Portfolio

Limited Full Portfolio
° Portfolio -

Demand
Reducti

~ Reduction

Nuclear

0

on -

2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040

Trillion KWh per year

Lo
2050

': ELECTRIC POWER
C E' RESEARCH INSTITUTE

© 2009 Electric Power Research Institute, Inc. All rights reserved. 13


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.






MERGE U.S. Electric Generation Mix
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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.






Insights — Renewables
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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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Insights — Nuclear and CCS
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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.






FZOBO Generation Mix

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

Biomass

Biomass

Limited Portfolio Full Portfolio
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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.






2050 Generation Mix

Totally different futures in 2050

Biomass

Biomass

Limited Portfolio Full Portfolio
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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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MERGE CO, Price Results
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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




MERGE Wholesale Electricity Cost Results
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MERGE De-carbonization Results
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MERGE De-carbonization Results
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Meeting the Challenge
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Together...Shaping the Future of Electricity

Electricity policy and technology actions
over the next decade will to a great extent

shape the electricity future of 2050

=PI | research msrinure

Image from NASA Visible Earth
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Industry / EPRI
Demonstration Projects

Carbon Capture and Storage




FAIstom | We-Energies / EPRI
Chilled Ammonia Pilot

Achievements:
High CO, removal ~90%
High purity CO, ~99%
Low ammonia emissions
Energy use as predicted

100%
>
80% OC) O
coz2  59% 1
Removal
% 40%
Declared Success!!!
0%
0% 20% 40% 60% 80% 100% -
Flue Gas Flow Rate, % MCR PIIOt ConCIUded
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Presentation Notes
All achievements have not been demonstrated at a single set of operating conditions.  The most recent results are for the energy use.  Values measured compare well with lab data and other data taken by Alstom.



Challenges:  All of the recent data has been taken without solids precipitation (expected to be lower energy demand operating condition).  This still needs to be demonstrated along with long-term operation.  The planned testing, expected to go to the end of October, will include testing with solids and a long-term test.


I PC with CCS: AEP/Alstom

e ~20 MW capture module at AEP’s
Mountaineer plant. CO2 injection
Into on-site storage wells

 Mountaineer started capturing CO,
On Sept 1 and InJECtlng COZ On OCt 1 Alstom’s Chilled Ammonia Process at AEP’s

Mountaineer Plant, 5-21-09

: : All pictures of the Mountaineer CO,, Capture and
o FO l' m al d ed | C atl O n OCtO b er 30 Storage Project are the property oszIstom
Power and/or AEP

» Several years of planned operation
& testing

E‘:EI ELECTRIC POWER
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PC with CCS: Southern/MHI

e ~25 MW capture module at Southern
Company’s Plant Barry (Alabama)

« MHI KS-1 advanced amine process

 Injection and storage test conducted by
DOE “SECARB” regional partnership
with EPRI technical leadership

Status
 Site characterization under way
o Start-up scheduled for 1Q 2011

2009 Electric Power Research Institute, Inc. All rights reserved. 28



I Low-Cost Oxygen via Membrane Technology
DOE — Air Products - EPRI

e Progress to date

— Initial testing of 0.5 tons
O,/day
with over 600 days of
cumulative operation

— Initial testing of 1.0 ton
O,/day ~ W e
mOdUIeS plan ned thlS year © Air Products. All rights reserved. Modified with permission.

— Engineering & design
completed for 150 tons
O,/day test unit

EPPI2 | researci msmmore
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