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U.S. Energy Reserves with so Much Coal

* Importance of energy security & huge U.S. coal reserves
 How to balance economics & the environment
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Ultimately recoverable demonstrated reserves on Blu basis. Source: USGS, National Assessment of United
States Oil and Gas Resources, U.S. Coal Reserves; Energy Information Administration Monthly Energy Review,
May 2003, Table 7.2b, 2002 data.
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City Water Gets Cleaner
& So Does Coal

Despite government regulations and
Incredible advancements & improvements
over the past 50 years in water technology,
the water issuing from home taps is still quite
contaminated. Chlorine has been linked to
asthma & other respiratory diseases, &
excessive fluoride intake can lead to yellowed
teeth, dental problems, & other serious health
problems for young children.

http://mww.historyofwaterfilters.com/water-filters-present.html
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Kazakhstan’s Coal Reserves,
Production & Consumption

Kazakhstan contains Central Asia's largest
recoverable coal reserves, with 34.5 Billion short
tons of mostly anthracitic and bituminous coal.
Kazakhstan produced 106 million short tons
(MTons) in 2006, while consuming 78 MTons,
resulting in net exports of 28 MTons.

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
C oal (Million Short Tons)

Production @ 781 658 817 872 813 936 958 054 1061 g5.2 MA
Consumption © S44 510 554 570 586 666 690 704 75.9 74.3 MA
ﬁﬁlﬁoﬁ’gfu':')rtsﬂmpmst') e 303.2 2780 4431 4B86.8 3765 4257  428.6 4116 4901 3438 MA

http://tonto.eia.doe.gov/country/country_time_series.cfm?fips=KZ

http://www.eia.doe.gov/emeu/cabs/Kazakhstan/Coal.html 4
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Indiana’s Coal Resources

ilE Indiana’s 17.5 BTons of “Home
l 2o .t Grown Energy” in reserves.
LRy There are hundreds of years
FEELY $ N of energy supply in the state
| | Indiana consumes 70 MTons/yr
Iy & produces 35 MTons/yr
lllinois Coal Basin (Billion Tons)
l S Estimated Demonstrated
Coal mined out and lost in mining (2.8) Recoverable Reserve Base
oy kéi}.ﬁig%”s’lif’i' et o dale ottty el i oed (2104 saloe fom Gain point) Source: Mastalerz, 16,2007 I n d |a na 4 ; 1 3 4 9 ; 63 7
lllinois 38.061 104.648
W. Kentucky 9.082 19.637
TOTALS
IL Basin Coal 51.277 133.922
U.S. Total 269.457 497.708

http://mww.purdue.edu/dp/energy/CCTR/byTopic.php

Indiana Geological Survey, IU Bloomington




PURDUE UNIVERSITY

ENERGY CENTER

Center for Coal Technology Research

2007 Coal Destination: Indiana

70.6 MTons Consumption, 34.7 MTons Production

State Total Consumption = 70,604 Thousand short tons
Methods of Transportation: Rail 52,441, Truck 12,935, River 813, Conveyor etc 4,415

Wyoming: 21,989 Total In state: 34,770 Total
21,777 Electricity Generation O N ey e 29,807 Electricity Generation
Rail Industrial 212 River - ot [ oxan Rail 14,586 River 103
. Conveyer 4,415 Truck 10,703
Jagzel i | Ful diand = .
Montana: 1,631 Total / . 1,812 Industrial Plants rruck
. . 2|3 . . .
1,631Electricity Generation o [T —1 166 Residential-Commercial Truck
Rail " e
T
o 4 | € Ohio: 388 Total
Utah: 197 Total Colorado: 192 Total | 7 J e 382 Electricity Generation
197 Industrial 192 Electricity Gen, . | Rail 369 Truck 13
Rail Rail Frankln 7 Industrial Plants Truck
Decatur, g
Ilvan : i
s Grasan o eter Pennsylvania: 397 Total
llinois: 5’859_ Total _ e 2 S T 367 Electricity Generation
4,?60 Electricity Generation oca e — f" Rail 341  River 26
Rail 4,760 e\ Y Y 21 Coke Plants Rail
1,097 Industrial Plants Pl SN
Rail 1,097 e S —
Virginia: 486 Total
West Virginia: 5,481 Total 486 Coke Plants Rail
374 Electricity Generation
Kentucky: 1,716 Total
ETET i Rail 243 River 131 Note:
1,117 Electricity Generation .
Rail 889 River 352 Alabama: 483 Total 3,726 Coke Plants Indiana Coal Exports
598 Industrial Plants 483 Coke Rail Rail Total = 2,985
Rail 388 Truck 112 1,382 Industrial Plants KY 1,779, WI 361,
Rail 1,255 Truck 127 AL 374, IL 280, 6

™™ 97, MS 78

Source: http://www.eia.doe. gov/cneaf/coal/page/coaldistrib/coal_distributions. html
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Kazakhstan Electricity & Coal

Kazakhstan has 71 power plants, including five
hydroelectric power stations, giving the country an
overall installed generating capacity of 17 GW, 80% of
which are coal fired, & 12 % of which are hydroelectric.
Almost 85 % of the country's power generation comes
from coal-fired plants located in the northern coal
producing regions.

Indiana’s 24 GW provides 95% of it’s electricity demand
from coal-fired power plants.

http://usasearch.gov/search?affiliate=eia.doe.gov&v%3Aproject=firstgov&query=kazakhstan+electricity
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Indiana’s Bituminous Coal Characteristics
lllinois Coal Basin — lllinois, Indiana, W.Kentucky

Danville Springﬁe"d m Illinois Coal Basin
Moisture %wt 11.3 9.9 (i) Minois, (ii) Indiana, (iii) Western Kentucky
Ash %wt 13 12.2 Interior
Sulfur 2.65 3.27
Btu/Ib (dry) 13050 13214
Fixed Carbon 48.4 43
Volatile Matter 39.1 40.9
Chlorine % 0.03 0.15

Lignite Coal
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Indiana’s Coke & Rail Network

CCTR & Purdue Calumet

How to replace the
6 Million tons (+) of
Imported metallurgical
coal with Indiana coal

Existing Gas port

Proposed gas port
site in down comer

Proposed Gas port
sites in the sole flue

http://mww.purdue.edu/dp/energy/CCTR/byTopic.php

CCTR & Purdue North Central

Software modeling of optional
expansion and operational
plans of the railroad network
In Indiana -

Scenario 6: Prosperity to Schahfer vis
West link with North ink



PURDUE UNIVERSITY

ENERGY CENTER Discavery Park

AP G W o

Center for Coal Technology Research

Energy Intensity is Declining, Btu/GDP

Good news: Promotion of improved energy efficiency,
In US states ~ less energy is consumed per $ of GDP
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Sources: GDP Data is from :http://www.bea.gov/regional/gsp/Source: Energy Consumption Data is from EIA’s webpage

and GDP data is from Bureau of Economic Analysis 10
http://www.eia.doe.gov/emeu/states/state.html?g_state a=il&q_state=INDIANA,
http://www.eia.doe.gov/emeu/states/state.html?qg_state_a=il&q_state=ILLINOIS, etc



http://www.eia.doe.gov/emeu/states/state.html?q_state_a=il&q_state=INDIANA
http://www.eia.doe.gov/emeu/states/state.html?q_state_a=il&q_state=ILLINOIS
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Rob Burch, Duke Energy, Purdue University, April 16, 2009
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(1) Duke Energy Indiana, Edwardsport,
630MW IGCC (800 MW)

m Net Output: 632 MW

s Heat Rate: < 9,000 Btu/kWH

= Target Availability: 85% (2) Wabash Valley
= Low Emissions Profile IGCC plant ~ one

= Total Installed Cost: $2.35 billion of the twlo IGCC
= Bulk Materials: power plants

= 1MM cubic yards of soil to be moved in the USA
= 94,000 cubic yards of concrete

= 12,000 tons of structural steel

= 330,000 linear feet of piping

= 3.0MM feet of electrical cable

= Projected Commercial Operation Date: Summer 2012

12
Rob Burch, Duke Energy, Purdue University, April 16, 2009
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Edwardsport IGCC %Q - 033 QQQ
m [wo trains of General Electric radiant quench gasification equipment
= Two 1,800 cubic foot entrained flow gasifiers (g':al) * (ngr) J'(nggen) (Hydr':gzen) (;arbon Monoxide)

= Two Radiant Syngas Coolers

= Two frains of gas cooling particulate removal, sulfur conversion, and mercury removal equipement

= Two frains slag of removal equipment

= Two frains of sulfur removal consisting of physical solvent contact absorption — common stripper
m Two General Electric 7FB IGCC syngas combustion turbines

= 232 MW Each

m Two Doosan, 2 pressure heat recovery steam generators
m  One General Electric four flow, reheat steam turbine

Combined Cycle

Condensor

I

Steam turbine

= 320 MW
m Two trains of Air Products air separation equipment — integrated into process E— Boiler/
[ One 345'(\/ SW”Chyard Electric exc:i;tger

generators Gas turbine

m Balance of Plant Equipment
= Coal unloading and handling system of truck and rail delivery of coal and removal of byproducts -.
= Raw water supply and treatment
= Wastewater treatment system
= One 20 cell mechanical draft cooling tower

= One General Electric Mark Vle distributed control system NeW fed eral adminiStration
FutureGen in lllinois
IN & IL MOU 13

Rob Burch, Duke Energy, Purdue University, April 16, 2009
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Net Plant Efficiency & Fossil Energy Options

Higher efficiency means less operational expensive
& reduced emissions per unit of MWh generated

o GEE - General Electric Energy _
CoP - ConocoPhillips s05% * The most likely
Gec U.S. base-load

l 43.7%

R coal technologies

5 w0o] for the next

g 50 years?

3% 30.0%

« What will be the
£ |

cost of electricity?

10.0%—

0.0%—
GEE GEE w/iCO2 CoP CoP wi CO2 Shell Shell v Subcrtical Subcritical Supercritical Supercritical NGCC NGCC w/
Capturs Capture co2 PC PC wi CO2 PC PC wi CO2 coz
Capturs Capture Capture Capture 14

DOE, NETL, “Cost & Performance Baseline for Fossil Energy Plants”, DOE/NETL 2007/1281
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CO, Use, Gas Pipelines, Carbon Highways

CO, use has +ve cash flow compared with storage

CO, to Canada—»

Great Plains
= Coal

Gasification
Plant

* Midwest Consortium
- . Starting to pump
- g « R 1 MTons of CO, under

Ridgeway CO,

dgeway o A Mount Simon Sandstone
will take 3 years

...................... * CO, pipeline project

CO, transportation network from
both natural and man-made sources

15

http://www.purdue.edu/dp/energy/CCTR/byTopic.php
CO2 Pipeline Infrastructures for CO2, EOR, CCS, Sherry Tucker, Denbury Resources, CCTR meeting, Indianapolis, March 5, 2009
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Indiana Gasification LLC

Using Indiana coal to produce synthetic gas

In 2007, the Indiana General Assembly enacted
legislation that provided a tax credit for Indiana
Gasification LLC to build a gasification plant in
Southwest Indiana

16
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Underground Coal Gasification, UCG
CCTR & Purdue School of Chemical Engineering

UCG reduces capital expenditure & stores CO,
Indiana site selection assessments

Thickness Suitability
t >2.0m high
1.5-20m medium
1.0-15m low
f [ <1.0m unacceptable
Depth Suitability
>200m high
Z
L _1 I ) - 60 - 200 m adequate
Reduci l---—- Dxidation 20N8 —e
——— ucing Zone -
=—LDrying and pyrolysis 1one ™ - <60m unacceptable
17

http://mww.purdue.edu/dp/energy/CCTR/byTopic.php
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CCTR Investigations into CTL Site Selection

10 Criteria

1 Coal & natural gas availability for 10,000 B/D FT fuel
2 CO, sequestration potential

3 Land/real-estate requirements

4 Transportation infrastructure (rail, roads & waterways)
5 Electricity transmission lines & available power
6

7

8

9

1

2\
&
O
<

&

Gas & oll pipelines

Water requirements & resources NSA Crane
100 sq miles

MARTIN County

PUTNAM

Waste disposal/environmental issues
Labor force requirements/availability
0 Economic impact

http://mww.purdue.edu/dp/energy/CCTR/byTopic.php
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CTL, Slurry Reuse, Economic Studies

Electricity

« Coal-To-Liquids, CTL options

e =YW - Recuse of coal slurry ponds
BN - CTL Economics Study

e « |llinois Basin Alliance Study

Coal

Oil/Residue (Gas Treating (CO+H,)

Biomass
Transportation
Orimulsion® is Fuel

- Economics, emissions &
FT Fuels Suppl

risk are the key issues
for commercialization
of new technologies

Spoil = displaced overburden =

Gob = coarse-grained refuse

$45/barrel

Slurry (tailings) = fine-grained refuse

onventional Fuel Supply Cost

$ per Barrel
Reducing Incentives
EEESR .Tl EEE

r

A4

Mine-Run Coal Preparation Plant
(Raw Coal) (Washer)

Clean JReject
Coal (Refuse)

. —_—
1980 Time

Variable incentive starts at $45/barrel & no losses/risks occur
http://mww.purdue.edu/dp/energy/CCTR/byTopic.php
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g e CCTR Funded Project Areas

Indiana Coal Characteristics
e § : Indiana Coals for Coke
Coal Transportation
G ; £ | * Slurry Ponds Evaluation
e o Site Selection for Gasification

Indian'a Gehter for COaI:""‘Technold'gy ReSeérch h

Located in The Energy Center at Discovery Park, Purdue University
"3:&: pae - 2

Director's Welcome [ ]
About CCTR. Welcome to the website ofthe Center for Coal Technology Research (CCTR), an Indiana state agency . . . .
Purpoze located at Purdue University's Eneray Center at Discovery Park. The lenislated objective of the CCTR is to [ ] ‘ I - I - L d S t S I 't
Statt promate the use of Indiana's coal reserves in an economically and environmentally sound manner. To Oa O I u I S I e e eC I O n
Contact Lz achieve this the CCTR concentrates on the development and implementation of strateqic appropriate

clean coal technologies through funding scoping studies, industrial and commercial application projects,

Advisory Panel long-term development projects, technaology designs and demonstration projects, coal research seminars P I a.S m a. ArC G aS Ifl Catl O n

o e o s s o o e 7 : -

o e e Indiana Coal Forecasting

Keeping Up with Coal Developments ...

e UCG Gasification

CCTR Basic Facts Files

Helpful Coal Links - -
Benefits of Oxyfuel Combustion

Special Events 2 .

Research Reports Economlc Assessment Of CTL

Assessment of the Gually of Indiana Coals for Integrated Gasification of 1G0T
FPerformance
Maria Mastalerz et al., Indiana Geological Survey ~ December 11, 2008

CCTR Staff Presentations

E | Coal and the Economy
Funding % ArchCoal Inc.  popadyy Sharks, Arch Coal Ine. ~Decernber 11, 2008
« Coal & the DOD
Mewes O a e
/@\ Steel Production and the Industrial Econamy
Hational Laboratories ArcelorMitial Eric Knorr, ArcelarMittal ~ Decernber 11, 2008 °

FT Fuel & Engine Testing

20



