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* Air Emissions
- S02
— NOx
— Particulate
— Hg
« CO2 Management
* By-Product Utilization
 Water Use and Discharge
* Plant Efficiency
 Reliability/Availability
» Capital and Product Cost
— (power and fuels production)

What is Clean Coal
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Figure 2: Location of the World's Main Fossil Fuel Reserves (Gigatonnes of oil equivalent)
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Modern

FGDS to reduce 502 by
greater than 20%

SCR NOx control added
to meet NOx SIP Call.
Additional NOx control
greater than §5%

Bag filter to remove Parficulate

Low NOx Bumners.

NiCx reduction
greater than 50 %
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® Efficiency and CO, Emissions Comparison

CO; Emissions vary
with Heat Rate & Coal Rank
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Power Plant Efficiencies by Type

Table 9: Average Efficiency Levels at Pulverised Coal-fired Power Plants

Plant Low Efficiency Higher Efficiency Supercritical Ultra-supercritical
Average Efficiency Levels: 29% 39% Up to 46% 50-55%

Sowce: Doosan Babcock
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Figure 5: CO, Emissions from Coal-fired Power Plants

M Fleet averages

B Single plants
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Low Emission Levels - Achieved by High Steam
Parameters and Flue Gas Cleaning

Steam Parameters Flue gas cleaning
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Carbon Sequestration

- “ . - ]
5\"3\‘0“\‘\%‘"3\'\1—%“0“ Problem Description:

Sequestration is the capture and

) storage of CO2 from the combustion of
.| oil, natural gas, coal and biomass.

| Carbon sequestration could play a

“ major role in the reduction of
greenhouse gases through increased
use of clean coal, natural gas and
hydrogen

Dil
Wells

Gas
Wells

Coal
Seams

Sequestration Capacity:

Herzog (MIT)

* Oceans 1000s Gt,

* Deep saline aquifers 100s to 1000s Gt

* Depleted oil and gas reservoirs 100s Gt
» Coal Seams 10s to 100s Gt

* Terrestrial (e.g., trees and soils) 10s Gt
* Reuse <1Gt/yr.

Saline
Aquifers

Geologic (Sub-Surface) Sequestration
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Full Scale Projects

 Demonstrated on a full scale by the Alberta
Energy Board in the 1980’s at the Sunshine and
Boundary Dam PC plants

« Combined Cycle Natural Gas Plants for Power
and CO2 for Enhanced Oil Recovery, Scotland
and North Africa, inititiated by BP
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 Parasitic Losses

—10 existing PC (pulverized coal) coal plants
with sequestration added will need 4 additional
plants installed

— 10 existing Natural Gas plants with
sequestration added will need 2 additional
plants installed

 How will sequestration be regulated?

« Can projected sequestration capacities be
achieved?

« Can separation and capture costs be reduced by
a factor of 10?

Major Issues for Sequestration
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General Map of
Sources and
Pipelines

- electrical power plants

- cement & other plants

- urban centers

- non-point sources
(agriculture, automobiles,
etc.)

Total regional point
source emissions
~108 t/yr.
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Carbon Sequestration Technologies

Electricity Cost Without/With Carbon Sequestration

Natural Gas Integrated
Power Plant Systems Combined Cycle Pulverized Coal Gasification
(US$lkWh) (US$/kWh) Combined Cycle
(US$/kWh)
Without Capture (Reference 03 .05 .04 -.05 .04 -.06
Plant)
With Capture and Geological 04 .08 .06 - .10 .05 -.09
Storage
With Capture and EOR .04 - .07 .05 -.08 .04 - .07

Source: IPCC Special Report on Carbon Dioxide Capture and Storage, Summary for Policymakers,
September 25t 2005. Table S. 3.
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Capturing CO, with Today’s Technology is Expensive
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Supply Side Options Available for IRP

Capital | Includes a 1073 2008 Fusl Levelizad
Option Size| Costs Process Capacity Price | Heatrabe Capital 2008 O&M | 2008 Fusl Taotal™
Opticns W W Continge noy Factor % | $'mmBw | Btw'kWhr|  &MWhr £MWhr B4 T EMWhr
COoAaL
Pulverized Coal 200 2,085 ni a5% 221 8,800 33 a8 20 &1
IGICC= 200 3387 = a5% 220 8221 Lo 12 12 1
Pulverized Coal fwith GOy remasal} 200 3,240 ni a5% 220 10,934 L2 10 24 1
IGIZC™* fwith COy removal) 200 4,172 yes a5% 220 10,830 &7 14 24 105
NATURAL GAS falf combustion rurkimes fechnolages are darafed for an levadon of 4500 fael)
Asroderivative 40 1,014 na 15% T.00 G800 &R 15 & 171
Combustion Turbine a Q83 no 15% T.00 9,338 &3 10 1 158
Combustion Turbine 150 583 na 15% T.00 10,2497 44 10 Te 132
Cambined Cycls (121) 240 1,002 ni 40%; F.00 7114 34 T ED el
Cambined Cycls (221) 430 938 ni 40%; F.00 7,175 3z T ED G
OTHER
Nudear 200 2058 Ves a5%, 0.48 10,510 48 18 5 T
Wind 100 1,833 ni 339 MiA 7 4 BB
Solar - Parabolic Trough (solar only) 100 39490 Ves 23% MiA 1an 28 214
Solar - Photovoltaks (bao axis tracking) 50 L0000 no 25% MA 23 g 24
Biomass 25 3,281 na a6%: 200 13,864 L3 22 iz 102
Gaothermal == 24 2340 ni a6%: 23,050 A T ] 4k
STORAGE
Comprasssd Air Energy 100 1,320 yes 0%, .00 4,500 &1 12 a2 104

Comls sre dedvad from EFAT TAS witch have bean modifed fio it PR fnancial assumpfons and site condifons. Nodinclrdad are aie specBo onwmers cosis such a5 waler aoquision aie devel comend Fansmicsion
infrasfruckine upgrades. communily outesch costs and fud infrestuctire wiltich may vary & gificandy dapending upon citelocaton. CUM eefmator sro dadved from Cummine & Barnard Cost Estimatas Sticy for
combustan furbine fechnolagios.

*Levefrad ooste for solarindudes 10% fadaral 1T, 5% stafe ITC. 7 pears acoelarated dapreciafon 76t paar state FTE: foarwind fodal costs indlude 7sf paar fedaral PTG
UIEEC cosls hava been modifiad f account o elevadon effects ar < 500 feed

1 Opdions with carbon removal do nof indude sequestrafion:. ssfmared b be £10MWWE adder

“““ Bapresente maw mum pofendal smallar prgjects may ba faasibla
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# Southwest Regional Partnership on Carbon Sequestration Integrated Assessment Model: Test Case g@@
G e = @ o MDat v2. - |[English (United... ~| (&3] @[15.. v 2 -
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Home String of Pearls Systems Results Map m National _
Laboratories
The String of Pearls: Initial New Mexico String of Pearls Region (Sources and Sinks) [# sinks selected| 0 |

Power Plant(s)

Sink(s)

Existing CO2 Pipeline

Albuquerque, NM

Main Sour Sinks

a
U]
w

| Map Courtesy of Steve Hook and NMT |
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e M Data

Home

String of Pearls

Systems Results

Map

i
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The String of Pearls: Choose a C0O2 source {Coal, Gas, Custom), and watch or select the String of Pearls sinks.

Source: Select New Mexico Source

Sink{s): Automatic String of Pearls, or Custom Sink Option

i

"!’E"“

iy

(# Use selected Source (e.g., San Juan)

" Use custom Source (e.g., Lat., Long.)

Power
Plant

1

[SAN JUAN (1779 MW), Defald|

Sinks

|Choose a Gas source

=

Select a Custom Power Plant Location

Plant |Sink | Distance (km) | Cost ($/tonne)
Selected | ' 5 61.09 38.20

Nod Sink | Distance (km) | Cost ($/tonne)
5 20 22.79 37.06
26 29 12.35 36.60
29 28 30.46 37.00
28 14 28.80 36.98
14 2 485.10 61.55
2 8 40.58 37.99
8 20 120.06 40.84
20 11 33.45 37.44

Note: The "0" row indicates the end of the string of pearls.
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Summary Screen Carbon Flow Model Outline Test Case Map m National
Model Lahoratodies
@ Summary by Source Additional Detail % Capture
Summary Screen: Four Power Plants in New Mexico (Animas, Raton, Four Corners, San Juan}.
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Changes in U.S. Primary Energy Consumption
by Fuel Across Stabilization Scenarios, Relative to Reference Scenarios (EJ/yr).

IGSM MERGE MiniCAM

Non-Biomass Renewables 7~ Natural Gas:w/ CCS
W Nuclear B Natural Gas: wio CCS
B Commercial Biomass 2 0il: w/ CCS
» Coal:w/ CCS B Oil: wio CCS

B Coal:wio CCS Energy Reduction




