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US Production and Consumption
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Needed: 1,300 New Power Plants

A Conservative Estimate

1300 new plants

Needed Capacity Growth
1190 GW
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Generation Capacity Growth Is
Primarily Coal

gigawatts of net summer capacity
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U.S. Electricity Generation Capacity Additions by F  uel,
2006-2030 (gigawatts)

— Natural Gas

Nuclear

2006-2010 2011-2015 2016-2020 2021-2025 2026-2030

Annual Energy Outlook 2007




U.S. Coal Consumption by Sector,
2005, 2010, 2020, and 2030 (quadrillion Btu)

Annual Energy Outlook 2007
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Coal for Power Generation

Few coal fired power stations built in recent
past — gas believed to be cheap, plentiful
and clean

Future: carbon taxes and global warming
Issues critical

Nuclear power for power generation

(currently about 20%) slow to increase

More recent combustion technologies:

— supercritical and ultra-supercritical steam
systems for high efficiencies

— fluidized bed combustors (FBC/CFBC)
IGCC

Poly-generation




Coal Conversion

Combustion to produce steam/power
Gasification with Combined Cycle (IGCC)

Gasification to produce syngas (H, with
{e)

— Syngas to fuels (indirect liguefaction)

— Syngas to chemicals, including methanol

— Syngas to hydrogen

— Syngas to synthetic natural gas (SNG/CTG)
Direct coal liguefaction




Gasification: Syngas Uses

Coal/Petcoke
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Operating Gasifiers

World-wide about 117 operating plants; 385
gasifiers; 49% coal fed

Use: 37% for chemicals, 36% for FT, 19% power
generation

Extensive overseas experience

— South Africa: 97 units — now 80 (sub-bit. coal)
— China (coal)

— Europe (coal and biomass)

USA: Wabash (petcoke), Tampa (petcoke with coal),
Great Plains (lignite), Eastman Chemicals (coal)

Many (~24) US units in planning phase




Reductions in Carbon Emissions
By Adoption of New Power Generation Technologies

All Technologies with Sequestration
P Gos
e
N —
| . . i .

0 25 50 75 100
Percent Reduction in CO , Emissions

(Relative to Average PC Plant in 1999)

_ Source: NETL, Scott Klara

>
(@]
O
@)
C
e
3
I_
-
O
+—
©
| -
)
c
)
Q)




Agenda

— Coal to liquids / gas



Alternative Liquid Fuels



Coal to Liquids (FT)



02 million tons







Indirect Liquefaction: Fischer-Tropsch (FT)



FT Products and Characteristics
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Hurdles to Implementation



Work Force Issues for
Coal-to-Liquids and Coal-to-Gas



Sasol Plants At Secunda ~ 1985
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Improve Sequester
Efficiency Carbon




Reductions in Carbon Emissions
By Demand-side Efficiency



Electric Petrole Natural



PC (2000)

IGCC (2000)
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IGCC (2010)

All Technologies with Sequestration




Improve Sequester
Efficiency Carbon




CO, Capture from Electricity Generation



Lowering the Energy Penalty of CO , Capture
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Mitigating Carbon Impact from the
Production of FT Fuels
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 Future Directions and
Impacts



Projections to 2025



“Green Coal” Strategies



Energy Urgencies



Questions?



