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OVERVIEW

* The Promise of CO, Capture and Storage (CCS)

— The Role of advanced coal and CCS for Electricity
Generation

 The Challenge
— Status of CCS from Coal-fired Power Plants

— RD&D Needs to make Advanced Coal with CCS
commercially available, affordable, acceptable

* The Payoff

— Impact of technology in reducing cost of meeting
climate goal
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The Promise of CCS
CO, Reductions ...Technical Potential* (U.S.)

3500

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

EIA Base Case 2007\

3000

2500 +

2000 +

U.S. Electric Sector
CO, Emissions (million metric tons)

Technology EIA 2007 Reference
1500 - Efficiency Load Growth ~ +1.5%l/yr Load Growth ~ +1.1%l/yr
Renewables 30 GWe by 2030 70 GWe by 2030
l Nuclear Generation 12.5 GWe by 2030 64 GWe by 2030
1000 - No Existing Plant Upgrades 150 GWe Plant Upgrades
Advanced Coal Generation 40% New Plant Efficiency 46% New Plant Efficiency
by 2020-2030 by 2020; 49% in 2030
500 CCs None Widely Deployed After 2020
10% of New Vehicle Sales by 2017;
PHEV None +2%/yr Thereafter
DER < 0.1% of Base Load in 2030 5% of Base Load in 2030
O T T T T T T T T T T T T T T T T T T T T T T T
1990 1995 2000 2005 2010 2015 2020 2025 2030
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I The Promise of CCS
CO2 Reductions (E.U.)

Towards a low-carbon and balanced power
m ix Source: PRIMES
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I The Challenge
Pulverized Coal with CO, Capture—Integration Issues

CO, to use or

Fresh Wat i
resh Water Sequestration

Coal /™ PC
Air—>» Boiler
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Steam Fly Ash Gypsum/Waste
Turbine

co,
Removal
e.g., MEA

Flue Gas Output Penalty:
to Stack Up to 30%

03z to Cleanup

and Compression
Cleaned
Flue Gas to
Atmosphere

[\ coz
Absorher | Strinper

—-» SCR —» ESP - FGD

* Amine processes commercially available at relatively small
scale; considerable re-engineering and scale-up needed

(ultra-low inlet SO, and NO, also required) | Tower
« Steam extraction for solvent regeneration reduces flow to T

low-pressure turbine; significant operational impact
Flue Gas

« Maximizing output and efficiency requires optimal heat from Flant |
integration

» Plot space requirements significant; back-end at existing
plants often already crowded by other emission controls

C05 Stripper
Rebailer

CO, Capture = $, Space, Ultra-Low SO,, and Lots of Energy ‘
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I The Challenge
IGCC with CO, Capture
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o, | Up l Block
l\\ _________________________________ /IHZ
l Slag
CO, Capture/integration Issues

. Sulfur co,

- Plot space and water demand for water-gas shift <«
reactor; needs vary by gasifier type Steam I CO, Compressor g
. Equipmc_e_nt design givgn different syngas /ﬁj N
composition and heating value | :

- Little experience with H,-firing gas turbines _ | shif S sufer | SR

X Reactor Recovery (e.g., Selexol) '
* Need for new capture-optimized reference plant |
designs N )\ J

CO, Capture = $, Space, Shift, H, Firing, CO, Removal, Energy ‘
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The Challenge
Another Approach for Pulverized Coal and Fluid-Bed Plants:
Oxy-Combustion Capture

Carbon
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Bottom Ash

Significant Energy & Capital Required for O, Production

ELECTRIC POWER
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I Pulverized Coal Combustion
2010-2015

Levelized Cost of Electricity, $/MWh

All figures in 2006 $
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0.86 Metric Tons CO,/MWh

X $50/Ton = +$43/MWh

PC ($2290/kW)
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I Comparison of PC and IGCC
2010-2015

Levelized Cost of Electricity, $/MWh

All figures in 2006 $
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I Integrated Gasification Combined Cycle,
Pulverized Coal with CO, Capture

Levelized Cost of Electricity, $/MWh
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All figures in 2006 $

PC + CO, Capture ($3820/kW); IGCC + CO, capture ($3780/kW) (near term)

!

IGCC ($2730/kW)

PC ($2290/kW)

Rev. Oct 2007
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I Impact of Anticipated Cost, Performance Improvements on PC,
IGCC with CO, Capture

Levelized Cost of Electricity, $/MWh

All figures in 2006 $
120

PC + CO, Capture ($3820/kW); IGCC + CO, capture ($3780/kW) (near term)
110
100 l
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70

PC + CO, Capture ($3060/kW);

60 IGCC ($2730/kW) IGCC + CO, capture ($3100/kW)
50 PC ($2290/kW) (longer term with cost,
performance improvements)
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30 Rev. Oct 2007
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I The Challenge
Developing a full portfolio of Advanced Coal with CCS
Technologies

Full Portfolio - Four major technology efforts related to CO em|SS|ons
reduction from coal-based power systems must be undertaﬁ

1. Increased efficiency and reliability of integrated gasification
combined cycle (IGCC) power plants

2. Increased thermodynamic efficiency of pulverized-coal (PC)
power plants

3. Improved technologies for capture of CO, from coal combustion-
and gasification-based power plants

4. Reliable, acceptable technologies for monitoring long-term
storage of CO,

|dentification of mechanisms to share RD&D financial and technical
risks and to address legal and regulatory uncertainties must take place

as well.
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I The Challenge
Developing a full portfolio of Advanced Coal with CCS
Technologies

« EPRI’'s CoalFleet for Tomorrow® program has identified the RD&D
pathways to demonstrate, by 2025, a full portfolio of economically
attractive, commercial-scale advanced coal power and integrated
CCS technologies suitable for use with the broad range of coal
types. Some technologies will be ready for some fuels sooner, but
the economic benefits of competition will not be realized until the
full portfolio is developed.

« The identified RD&D is estimated to cost $8 billion between now
and 2017 and $17 billion cumulatively by 2025.

 We need to begin immediately to ensure that these climate change
solution technologies will be fully tested at scale by 2025.
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The Payoff
Meeting Economy-wide Cap*
Impact on Future U.S. Generation Mix
Increase in Real Electricity Prices...2000 to 2050

B cCoal [ Gas B oi ] Hydro  [] Solar — Demand with No Policy
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2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

*Economy-wide CO, emissions capped at 2010 levels until 2020 and then reduced at 3%/yr
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SUMMARY
ACHIEVING THE PROMISE OF CCS FOR ELECTRIC POWER

GENERATION
B

 Advanced coal power plant technologies with integrated
CO, capture and storage (CCS) will be crucial to
lowering electric power sector CO, emissions.

« The availability of advanced coal power and integrated
CCS and of other technologies could dramatically
reduce the projected increases in the cost of electricity
under a carbon constraint.

 However, a sustained RD&D program at heightened
levels of investment and the resolution of legal and
regulatory unknowns for long-term geologic CO,
storage will be required to achieve the promise of
advanced coal with CCS technologies.
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CONTACT INFROMATION

 Electric Power Research Institute - John Novak
— jnovak@epri.com

« EURELECTRIC - John Scowcroft
— jscowcroft@eurelectric.org

 Edison Electric Institute — Eric Holdsworth
— eholdsworth@eei.org
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Background Slides
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Advanced Coal Plant Performance — Pulverized Coal:
USC boiler and steam turbine materials testing 1400°F+ component demos 1400°F+ plant demos

UltraGen I: Design, construction, and demo of USC at >1100°F w/ capture module

UltraGen II: Design, construction, and demo of NZE USC at 1200-1300°F w/ capture
- ]

rformance — IGCC:

Gasifier performance and reliability upgrades
|
ITM O,: EPRI DD ~150 t/d test |Pre-commercial scale-up
 F Nl NN ENEREREREN
H,-firing GT developmentitesting (F-class) Hz-flrmg gas turbine development (G/H-class)

- | E RN ENEEENN
FutureGen demo with 1 million tly CO, capture & storage
]

G/H-class IGCC with capture demos

IGFC demos
CO, Capture Technologies:

Development of improved|alternative solvents & membrane contactors for post-combustion capture

Chilled ammonia and improved amine pilots (5 at ~5-30 MW _); pre-commercial scale-up & integration in
UltraGen units

Oxy-combustion: Multiple pilots ~30 MW, Pre-commercial demonstration

Development of improved/alternative processes & membrane separators for pre-combustion capture

Carbon Storage:
3-5 large-volume demonstrations (multiple geologies; integrated wl capture)

Multiple full-scale Advanced PC & IGCC Advanced PC & IGCC
demonstrations (adv. PC + efficiencies with capture efficiencies with capture
CO, capture, adv. IGCC) reach 33-35% HHV reach 43-45% HHV
Completion of 5 MW, Completion of DOE Completion of DOE Commercial availability of CO,
chilled ammonia pilot Regional Partnerships Regional Partnerships storage; new coal plants
(PC + CO, capture) validation phase deployment phase capture & store 90% of CO,
| ] |
v ¥

2022 2027
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I Comparative Levelized Costs of Electricity
2010-2015

Levelized Cost of Electricity, $/MWh

All figures in 2006 $
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I Comparative Levelized Costs of Electricity
2020-2025

Levelized Cost of Electricity, $/MWh , .
All figures in 2006 $
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