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() NARUC
NARUC & Grants & Research

A NARUC members are the State PUCs

A G&R Dept. addresses research and facilitates
dialogue on key questions facing Commissions

A 11 current projects covering infrastructure,
environment, regulatory design, finance, security
and other issues for the regulated sectors;
predominantly electricity.

A Federal Funders: EPA, Dept. of Energy, Dept. of
Homeland Security

Todayods site vi sfundedbynd di aljo g
theUS Department of Ener gy 0s
Office of Fossil Energy as part of our CCT/CCS Partnership



1) NARUC
Why the focus on CCT & CCS?

A CCT and CCS is the subject of a lot
of emotional communication, pro- o A
and con-

A The importance of regulators
having solid, trustworthy,
actionable, accurate information on
which to base a decision is obvious

A With the re-activation of the
committee about 4 years ago this
became a priority

A Commissioner John McKinney,
WYV is the Chair, Klaus Lambeck
from OH is the Staff Chair.
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EPRI Prism
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MERGE U.S. Electric Generation Mix
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MERGE Wholesale Electricity Cost Results

$220

$200

$180

$160- 2050

$140-

Limited
Portfolio

Full 210%
Portfolio

_— T

80%

$80] 1 !

$60
2007 U.S. Average Wholesale Electricity Cost

$120-

&
=
o
Q

$/Mwh (2007%)

$40 |

$20

$0 | |
2020 2030 2040 2050

CPE' ELECTRIC POWER
RESEARCH INSTITUTE

© 2010 Electric Power Research Institute, Inc. All rights reserved. 6



' The International Context

AChinads CO2 emi s s gigators by2030,] d
equal to the entire globes emissions in 2008. China
adds two coal fired plants to its grid per week.

A India is projected to need over 400 GW by 2030 i the
current installed capacity of Japan, South Korea &
Australia combined!

A CCS will be deployed, but not first in India or China
(because they cannot afford it)
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So We Made A Primer

Aln 200 7C|€EI’PAA' 0sS _ I 2009
Markets Division funded a quick
galr of primers on CCT and

CS L ' Coal Generation Technology &
A In 2009 a revision was taken on N/ Carbon Capture & Storage
funded by DOE I FE A Primer for State Commissions
A The primer is divided into two
volumes

1 Partl: Clean Coal Generation
Technologies for New Power
Plants

I Part ll: Technological &

NARUC

Regulatory Considerations for May 2009
Carbon Capture & Storage The National

i http://www.naruc.org/Publication o Rgulatory sty 5. e s
SINARUC%20CCTCCS%20Prim Utility

Commissioners

er%20FINAL%206%2009.pdf



http://www.naruc.org/Publications/NARUC CCTCCS Primer FINAL 6 09.pdf
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Part I. Clean Coal Generation
Technologies for New Power Plants

A Increasing demand for electricity requires a
portfolio of resourcesi including coal

A Improving coal-fired generating technologies

A Subcritical, Supercritical and Ultra-Superecritical
Pulverized Coal

A Circulating Fluid Bed (CFB)
A Integrated Gasification Combined Cycle (IGCC)
A Chemical Looping Combustion (CLC)

A Comparing Coal Technologies and Incorporating
CO2 Capture
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Subcritical, Supercritical and Ultra-

Supercritical Pulverized Coal

A AS te m pe ra‘tu re and p ressure Net Output Efficiency Levels at PC Géaled Power

Increase, the technology
moves from subcritical to
supercritical to ultra-
supercritical steam
parameters.

Plants
Subcritical 37%
Supercritical >40%
Ultra-supercritical 42-45%

(World Resources Institut@ulverized Coal Power

Ultra-Supercritical 500 MW, Pulverized Coal Unit with €O, Capture

lirmestone slurry

|

Stack Gas
Faad A Boiler! Flug Gas Clean-up 2,360,000 kgte
e i
2460,000 kg/hr Superheater femavat 0, Capture §3°C, 0,10 MPa
Steam Conditions j—- Partculales S99 — 20% Ao
Coal Feed IR0 MPafsl0CiR0n b, b perrnit
200,000 kb el | (8640ps1 111211 30°R) 50, G50
F
Slearty Ash & Wet Solics s;r':: L] Carbon Dicuide
427 L kg
15.2 Mpa (22005

Steam Turbine/

Generator

Data Source MIT

Electric Power
500 MW, Nat
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Circulating Fluid Bed (CFB)

A Circulating fluid-bed combustion uses an
apparatus that mixes coal and air with a sorbent
such as limestone during the combustion
process, to facilitate more effective chemical

reactions and heat transfer.

A Operates at relatively low temperatures creating

less NO, and allowing the lime to ca
greater amounts of SO..

pture

A Fluid bed combustors are well suitec
biomass.

to co-firing



) NARUC — .
| ntegrated Gasification Combined Cycle

(IGCC)

A Gasification: a thermo-chemical process that exposes coal to steam
and carefully controlled amounts of air or oxygen under high
temperatures and pressures.

A Pr od usymgaso fi

A Burned in a combined cycle: first a combustion turbine, and then
heat recovery steam generator High efficiency from combined cycle,
40% or more for commercially available gasification-based systems.

500 MW, IGCC Unit with CO, Capture

Feed Air Nitrogen
o Air Separation 114 0100 kR
801,000 ka/hr — Unit 604,000 ka/hr ,
Combustion Air
2,890,000 ka/hr
Chwyaen (955 Stack Gas
hwygen (55%) i
197,000 kg/hr 3,140,000 ke/hr
1279, 0.10 Mps
Combustion
- | Texaco/GE Full- Water-Gas Sulfur () Turbine/Heat
Coal Feed Quench Gasifier Shift and Removal Capture/ Recovery Steam
(Slurry or Diry) . | 474 MPA13430C Cooling/ | 99.9+% Compression - | Generator/ Electric Power
228,000 key'hr 1615 psif24500 F) Knockout Remaval 0% Rermaoval Turbine/ 500 MW, Net
Generators
Bottom 3lag o,
L L -

Data Source MIT



. Chemical Looping Combustion (CLC)

A Combining fuel and a metal oxide oxygen
carrier, this combustion process does not
require direct contact of air and fuel

A Lower Nox, cleaner outputs of CO2 and H20
A Pilot stage (in Connecticut)

Pure CO;
o UiecCe | Steam {turbine |
Steam turbine, gas turbine [___Condenser _ |—=H)0
4 § oz o
Me0O
Air reactor Lt Fuel reactor
{oxidizer) (reducer)
-
Me

Air Fuel



Comparing Technologies

NATURAL GAS

SUBCRITICAL SUBCRITICAL
ULTRA- a COMBINED
PULVERIZED SUPERCRITICAL SUPERCRITICAL CIRCULATING FLUID | IGCC CYCLE
COAL BED .
(F Series)
Without | With Without | With Without | With Without . . . Without | With
Co, Cco, Cco, Cco, Cco, Cco, Cco, \(’:V:huigz \C’\ell'”t‘l?:‘; €O, \(/:V;thuj?rgz Cco, Cco,
capture | Capture | capture | Capture | capture | Capture | capture P P P Capture | Capture
Total Plant
Cost ($/KW, $1,280 |$2,230 |$1,330 |[%$2,140 |$1,360 |$2,090 |$1,330 [$%$2,270 $1,430 $1,890 N/A N/A
MIT)
$1,813 $2,390
Total Plant giii)?) g;ii)l
Cost ($/kW, $1,549 |$2,895 |$1,575 |[$2,870 |N/A N/A N/A N/A (C<’)P) (Cc’)P) $554 $1,172
NETL) $1,977 $2,668
(Shell) (Shell)
EfﬁCienCy 0, 0, 0, 0 0, 0, 0 0, 0, 0,
(MIT)? 343% |251% ([38.5% [29.4% (43.3% ([(34.1% |34.8% |25.5% 38.4% 31.2% N/A N/A
38.2% 32.5%
(GEE) (GEE)
Efficiency o o o o 39.3% 31.7% o o
(NETL)? 36.8% |249% ([39.1% [27.2% [N/A N/A N/A N/A (CoP) (CoP) 50.8% [43.7%
41.1% 32.0%
(Shell) (Shell
Cost of
SIS 484 |8.16 4.78 769 | 4.69 734 | 468 7.79 5.13 6.52 N/A N/A
(¢ per kwh,
MIT)
Electicly 780(GEE) |10 (Cop)
6.40 11.88 6.33 11.48 N/A N/A N/A N/A 7.53 (CoP) ' 6.84 9.74
(¢ per kwh, 8.05 (Shell) 11.04
NETL) ’ (Shell)
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Carbon Capture

A Post-combustion capture
A Oxygen-combustion
A Pre-combustion capture

A Integrated Processes i Pre and Post
Combustion

I Absorption (Solvent Scrubbing)
I Adsorption

I Cryogenic Separation

I Membrane Separation



@ Technology Roadmap for Carbon Capture



