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Fuel needed to run a 100-W light bulb

for one year (876 kWh, or 3153.6 MJ)

(The fuel quantities below assume 100% conversion efficiency. As most power
generation/distribution systems only achieve 30% - 35% efficiency, the actual quantity of fuel used
to power a 200 W light bulb in your home will be about three times the quantity shown.)

166 kg of wood

117 to 210 kg (257 to 462 Ib) of coal
73-34 kg (161.6 Ib) of kerosene
78.8m3, of natural gas

58 kg of Methane

.006 kg (.014 Ib) of uranium
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Types of Coal (in order of C Content)

Anthracite
Carbon content (86-98%); Heat value = 15,000 BTUs/Ib
Most frequently associated with home heating
7.3 billion tons of reserves in the U.S.; mostly in 11 northeastern PA counties

Bituminous
Carbon content = 45-86%; Heat value = 10,500 — 15,500 BTUs/Ib
Most frequently used to generate electricity and make coke for steel industry
Most plentiful form of coal in U.S.

Sub-bituminous
Carbon content = 35-45%; Heat value = 8,300 — 13,000 BTUs/Ib
Lower sulfur content than other types = cleaner burning
Reserves in half-dozen Western US states and Alaska

Lignite
Carbon content = 25-35%; Heat value = 4,000-8,300 BTUs/Ib
Mainly used for electric power generation
Sometimes called brown coal; Geologically young

U.S. Coal Regions

U.S. Proved recoverable coal reserves at the end of 2006
* 111,338 million tonnes of Bituminous & Anthracite
* 135,035 million tonnes of Sub-Bituminous & lignite
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BY CAPACITY IN MEGAWATTS:
+ 0-250 % OILAND GAS FIELDS
® 251-1000 SALINE AQUIFIERS

@ 1001 -4000 S coALBEDS

TOTAL CAPACITY: =330 GIGAWATTS
Note: For further Information on and maps of carbon sources and potential sequestration sites, see www.natcarb.org.

FIGURE 5-3. U.S. Coal-Fired Power Plants (2000) and Potential Sequestration Sites

Geographical Map by NERC Regions: Coal-Fired Plants
(Permitted, Near Construction, and Under Construction)
Figure 4
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Source: Global Energy Decisions — Velocity Suite (6/30/2008)
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Global Distribution of Coal Reserves
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U.S. 2002 Carbon Dioxide Emissions from Energy
Consumption — 5,682* Million Metric Tons of CO,** H

Coal coke imports 6

Source;

af

Growmouse Gases in the United States 2002, Tables 4-16,

“Incluges adjustments of 42.8 millian metric tons of carbon dicxide

from LLS. territories, less 80.2 MICO; from international and mi
ihie metric

*=Municipal selid waste and gecthermal en

crgy.
Note: Humbers may not equal sum of components because of independent rounding.

power sector

litary bunker fusls,
tone of carbon, not of CO;.

Transportation

Lawrenee Livermare Hational Laboratory, May 2004
http:tieed Il gowTiow

4,000 - History Projections
Electricity demand
2 Coal
3,000 -| 2,094
1980 2030
2,000 -
1,000 - Natural gas
Nuclear
e Renewables
0 e —— Petroleum
1980 1990 2005 2020 2030

12/2/2008



12/2/2008

$/Million BTU

oil Natural Gas Coal

The Future of Coal, MIT, 2007

Carbon intensity of Coal is Very High

(929 CO2/MJ)

One typical plant = 3 million tons/year CO2
US produces 1.5 billion tons/year from coal
burning power plants

If 60% of the US CO2 from coal were
captured for sequestration, it would be 20
million barrels a day

The Future of Coal, MIT, 2007



Sub-critical Coal-Fired Power Plant

Boiler
{furnace)

Turbine

Transmission
Lines

Sub-critical Pulverized Coal System

Flue gas train Boiler house Turbine building Power distribution grid

4 Cleaned
flue gas
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Gypsum  Flyash AR

Circulating

Coal wiater
1 Steam generator 8 Steam turbine
2 DeNOx plant 9 Condenser
3 Air preheater 10 Pump
4 Fan 11 Feedwater heater
5 Electrostatic precipitator 12 Feedwater Lank
6 Desulfurization plant 13 Generator
7 Stack 14 Transformer Fresh water
Courtesy ASME.
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Generating Efficiency

Thermal Energy in Fuel

Electricity Produced

Influenced By:
* Fuel Source

* Plant Design
* Environment

Lower efficiency = More coal burned per unit electricity
produced.

Coal Types

Anthracite 30,000" - 21212 72'-87? 6.9°-11" 0.5%-0.7' 44-87°
31,500°
Pittsburgh # 8 30,800° — 1.1%-5.13° 73743 7.2-13* 2.13-23% 45-55°
31,000
llincis #6 25400°~ 8013 60*-61° 1114 3344 32-39°
25,600*
Chinese Coal 19,300~ 33-23¢ 48-61% 28-33¢ 04-37¢ N/A
25,300¢
" 13,000- 5 ,
Indian Coal ' 158 -50° 7 _0.7 ?
ndian Coa 21,0007 4715 30-50 30-50 0.2-0.7 14-19
WY P i 3 .,
VY Powder 19,400 284307 prome 5363 037°-045 6-17°
River Basin 19,600°
o 14,500%— 0 0.6'"-1.5%

Te Lignit g 10_349 9_A410 10_148 1_1512
exas Lignite 18300 30'-34 38%-44 9114 14"-15
- 14,000%- @ aat et 0.54-1.6° "

ND Lignite 17.300° w 35345 6.6°-16° 9
Higher Heating Moisture Content  Carbon Content Ash Content Sulfur Content Minemouth Coal
Value (k)/kg) (%6wt) (%owt) (%wt) (%owt) Cost (2005 $/ton)

The Future of Coal, MIT, 2007
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Plant Design

Pressure Temperature

<22.0 Mpa 550C
Subcritical (16.5) (540C)

>22.0 Mpa >550C
Supercritical (24.3) (565C)
Ultra-Supercritical Up to 32 Mpa 610C

Efficiency

33%-37%
(34%)

37%-40%
(38%)

43.30%

The Future of Coal, MIT, 2007

Fluidized Bed Combustion
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Gasification (IGCC)

Stack Gas
Feed Air N Nitrogen 2,770,000 ka/hr
651,000 kg/hr =1 ] Air 490,000 kg/hr 55°C, 1 atm
eparation |————>
Unit @ Vol (% ka/hr)
H =l Na = 66.6% (1,820,000)
Oxygen (95%) i Combustion Air Hi0 = 16.7% (294,000)
160,000 kg/hr TSIt 200,000 kg/hr €0; = 11% (466,000)
Syngas Syngas H 0, =4.9% (153,000)
Radiant Cooling/ 394,000 kg/hr 365,000 ka/hr w B Ar = 0.8% (31,000)
Coal Feed Quench Gasifiegr e Sulfur Removal 2 Combustion [604°C Heat Recovery i%‘z_zgzgp;pmgf %
185,000 kg/hr =t | o f— — Turhine/ |re— Steam H o 1 bob (31 kg
41.8.atm/1343°C 99.4% Removal Generator Generator 9 =<1ppb (31 kg/yr)
Slurry Water (615 psi/2450°F)
70,500 kg/hr Y l .
Bottom Slag Sulfur Steam Turbine/ e—
Al 5,360 kofhr Generator Electric Power
500 MW, Net
51 MW.

Electric Power

Coal +H,0 = H, + CO

The Future of Coal, MIT, 2007

Post — Combustion CO, Capture
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Injection into ground

Kintisch Science 317:184-186

NH

Banerjee et al. Science 319:939-943
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Energy Cost of CO, Capture

50

Efficiency Loss: Subcritical Capture Efficiency Loss: Ultrasupercritical Capture

45 43.3
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Ultra-
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No Capture

Subcritical
with Capture

No Capture
73 % of original efficiency

79% of original efficiency

The Future of Coal, MIT, 2007

IGCC Pre-Combustion CO, Capture

Coal+H,0 > H,+CO

Nitrogen
Air Separation 604,000 kg/hr

Unit —_—

Feed Air

801,000 kg/hr —

Combustion Air
2,890,000 kg/nr

Stack Gas
t 3,140,000 kg/hr

1219€, 0.10 Mps
Combustion

Texaco/GE Full- Water-Gas Sulfur €0, Turbine/Heat
Coal Feed Quench Gasifier Shift and Removal Capture/ Recovery Steam
(Slurry 07 Dry) emmm—p | 424 WPa/13430 C Cooling/ mlpe| 99.9+% pmmfgp | COMPression muy Electric Power
228,000 kg/hr (615 psif24500 F) Knockout Removal 90% Removal Turbine/ 500 MW, Net

Bottom Slag G,
— —

CO+H,0>H, +CO,
The Future of Coal, MIT, 2007
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Plant Cost
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Carbon Cost at Which Capture

Becomes Competitive

Subcritical : $41.3/ton

Supercritical: $40.4/ton
Ultra-supercritical: $41.4/ton
Fluidized bed combustion: $39.7/ton
|GCC:$19.3/ton

Spring 2008 2t o Fall 2008
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FutureGen'’s Integrated Technologies
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Carbon burial buried

TheUSDepartmentafEnergyhas  doubled to 518 billioninrecent “Its hard for meto seethis not
pulled autof aflagshipprojectia  years,and last weekthe department delaying overall progress:
. build the first ‘cloan’ coal-fired pulledout of the dealafter failingto In the project’ place, the
Natural gaS back n fa\/OuI’ pawerplant in theUnited States,a  reach anewfunding agreementwith administration saysit will help
mave that will kil the projectunless  its private partner, the FutureGen companies addcarben-captureand
Wlth U S DOWQI’ com p an |eS supporters canrouse Congresson  Industrial Alliance, which consists -sequestration equipmenttonew
its behalt. of morethana dazenenergy . or existingcoal plants that haveat
The FutureGen project companies. The energy department  Searing costsmean the FuureGen  least300 megavattsof capacity.

i wities i the Unied iy e t was had been up three- power plant may never be built Officialssay this will ultimately save
stiting i sighisFom ol ot s s ol e e oving auarters o the billorthe 275- O e e e mongy whileallovingthe
buryingcarbon diaxide from megawatt plant. says Hovard Herzog, a carban- technology to spread more quickly.

Recent n . H -
plantharebeen sunkaer hittinga vl of pub__ Rerislames.a rscarcher st the Electri Power plants;it was ! bottuma L
Kancar
Florida Invstorandlenders— in
fllSrset =l nature
ncreasingly vortied ahout the
Rad i
s B U S | N E S S
P oot S0 e ot

e anclledaccrdingtoconeling
Global Energy Dicisions, based.
Colorado.Tn their place expers
ar taming1o matrl g e i

B constramed

e e et Sustained high oil prices won't be
rnbmnit el it €NOUgH to make coal liquefaction

irogatslomwiiis Thre - economically viable without
‘:{;‘:P‘gf"fj;:‘{:j: i mome large-scale public investment.
T ey saie. Katharine Sanderson reports.
oy provides B‘ climate
e urning dirty coal into a clean-burning
Utiliiosalso seecoal. alon with nuckear po liquid fuel remains something of a chal-
gt | longe forthe nergy ndustry. As scientist
heard last month at the annual meeting ofthe >
American Chemical Society in Boston, Massa-  Economic Africatorefine the 2y at Secunda, Mpumalanga.

Spremberg, Germany

First test plant for CCS

30 MW plant, cost $70m Euros
U.S. Average = 976 MW

CO2 separated, condensed,

transported to gas field,

forced 1,000 m underground

Larger demonstration project |

slated for 2015
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Conclusions

World power demands are expected to rise
60% by 2030.

Coal is a huge part of global energy use and is
likely to remain important

Technology exists to remove 90% of CO,,
99% of sulfur dioxide, 99% of particulates,
and 90% No,

Costs of implementing these technologies
are large and possibly prohibitive
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