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City Water Gets Cleaner

Despite government regulations, 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. The water contains disease-bearing
pathogens, pesticide chemicals, & industrial sludge, to
name only a few of modern water contaminants.

Proven Science or Media Perceptions
AAn I nconvenient Tr
NSl umdog Mi Il ionair

http://mww.historyofwaterfilters.com/water-filters-present.html
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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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http://www.eia.doe.gov/emeu/states/state.html?g_state a=il&g_state=INDIANA,
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U.S. Energy Reserves I Balancing Act

A Importance of energy security & huge U.S. coal reserves
A How to balance economics & the environment

A What are reasonable research time horizons for H, economy
A Increased dependence on Natural Gas - LNG & where from

U.S. Fuel Resources OB 51.8% Electricity

50 - Fuel Sources
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Gas Qil
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Ultimately recoverable demonstrated reserves on Btu basis. Source: USGS, National Assessment of United
States Oil and Gas Resources, U.S. Coal Reserves; Energy Information Administration Monthly Energy Review, 4
May 2003, Table 7.2b, 2002 data.
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U.S. Primary Energy Consumption, 2007
by Source & Sector (Quadrilion Btu, 105 Btu)
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TOTAL = 101.4 10*° Btu

'Does not include 0. 6 quadrillion Btu of fuel ethanol, which is included in "Renewable Energy.”

ZEncIudes supplemental gaseous fuels.

Indudes less than 0.1 quadrillion Btu of coal coke netimports.

Convenhonal hydroelectric power, geothermal, solar/PV, wind, and biomass.

Sincludes industrial combined-heat- and-power (CHP) and industrial electricity-only plants.

http://mww.eia.doe.gov/emeu/aer/pecss_diagram.html

40.6

T GENERATION

BIncludes commercial combined-heat-and-power (CHP) and commercial electricity-only plants.
TEIectricityLnn ly and combined-heat-and-power (CHP) plants whose primary business is to sel electricity,
or electricity and heat, to the public.
Note: Sum of components may not equal 100 percent due to independent rounding.
Sources: Energy Information Administration, Annual Energy Review 2007, Tables 1.3, 2.1b-2.1f and 10.3. 5
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Transportation Cost Savings, & Emission
Reductions From Improved Efficiency

Maximizing the use of time while forming policies & so must
Improve efficiencies: Transportation = distance/unit energy input

Example:

Average fuel consumption of 35 mpg
compared with 25 mpg means that

for any distance there is a 29% fuel
saving & also a 29% reduction in car
emissions.

For a distance of 350 miles at 25 mpg then 14 gallons

of fuel are needed. At 35 mpg only 10 gallons are needed
& so there has been a 29% (4/14) fuel saving

& also therefore 29% less emissions
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Pulverized Coal & Combined Cycle Power Plants

1. Cooling tower 10. Steam governor vale
2. Cooling water pump 11. High pressure turbine
3. Transmission line (3-phase) 12. Deaerator

4 Unit transformer (3-phase) 13. Feed heater

5. Electric generator (3-phase) 14 Coal conveyor

6. Low pressure turbine 15. Coal hopper

7. Condensate extraction pump 16. Pulverised fuel mill
8. Condensor 17. Boiler drum

9. Intermediate pressure turbine 18, Ash hopper

http://en.wikipedia.org/wiki/File:COGAS-diagram.png

19. Superheater

20, Forced draught fan
21. Reheater

22, Ajr intake

23 Economiser

24 Ajr preheater

25 Precipitator

26 Induced draught fan
27 Chimney Stack

PC 1 Pulverized Coal
Low fuel prices, Lower %
CC - Natural Gas

High fuel prices, Higher %

Condensor o

Steam turbine

Boiler/
heat
Electric exchanger
generators Gas turbine

IGCC 1 Integrated Gasification
Combined Cycle Power Plar;t
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Emissions from Transportation & Power

CO, from transportation & power plants - similar magnitudes
Big improvements in reducing SO, & other emissions

Sources of U.S. CO, Emissions (2003)
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Source: EPRI 2006, http://mydocs.epri.com/docs/CorporateDocuments/EPRI_Journal/2006-Summer/1013720_ClimatePolicy.pdf
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U.S. Energy Related CO, Emissions
by Sector & Fuel, 2007 & 2030 (million metric tons)

Emissions from transportation & electricity generation
In 2030 each continues to emit over 2 BTons/yr
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EIA, Annual Energy Outlook 2009,  http://www.eia.doe.gov/oiaf/aeo/index.html
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Fuel Options & CO, Control

Each a Huge Issue

ACO, Prevention Coal prices are about one third
ACO, Capture of those for Natural gas
ACO, Storage
ACO, Usage
Costs, 1973-2007
Mitigated CO ; ($/ton) 12 —
P Cost of Coal & Natural Gas
R T +o_ Cost of Fossil-Fuel Receipts at Electric Generating Plants
(gonfaée: ) H (Nominal Dollars per Million Btu, Including Taxes )
P 4 85— >
Case 2 MNatural Gas_: s
(70% Capture) | o 3
i Residual Fuel il
Case 3
(50% Capture) | S .
Case 4 |
(30% Gapture) m .
° s 5 2 g é\ g o —"l L B L AL AL B AL AL L L B LR R AL R BN AL AL LA R
Mitigated CO ($/tonne) 1975 1980 1985 1990 1995 2000 2005
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CCTR Honte
Energy Center Home

About CCTR
Purpoze

Staff

Contact Us

Advisory Panel

Presentations
By Topic
Biy Location

Educational Outreach
Incizna Coal Maps

CCTR Basic Facts Files
Helpful Coal Links

CCTR Staff Presentations

Special Events
Research Reports
Funding
Application

Mz

Hational Laboratories
Reports and Publications

CCTR Funded Project Areas

Alndiana Coal Characteristics
Alndiana Coals for Coke
ACoal Transportation
ASlurry Ponds Evaluation
ASite Selection for Gasification
ACoal-To-Liquids Study, CTL
Alndiana Coal Forecasting
AUCG Gasification
ABenefits of Oxyfuel Combustion
AEconomic Assessment of CTL
ACoal & the DOD
AFT Fuel & Engine Testing
ACoal & Biomass Gasification

People Research About Resources

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

Welcame to the wehsite ofthe Center for Coal Technology Research (CCTR), an Indiana state agency
located at Purdue University's Energy Center at Discovery Park. The legislated ohjective of the CCTR isto
promate the use of Indiana's coal reserves in an economically and environmentally sound manner. To
achieve this the CCTR concentrates on the development and implementation of strategic appropriate
clean coal technologies through funding scoping studies, industrial and commercial application projects,
long-term development projects, technaology designs and demonstration projects, coal research seminars
and forums, and educational materials. We hape you will find our website helpful and infarmative. Please
send any questions you might have and requests for further infarmation to our staff.

Keeping Up with Coal Developments ...

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

Coal and the Economy
Rohert'Wy. Shanks, Arch Coal Inc. ~ December 11, 2008

m Arch Coal, Inc.

ArceforMittal

Steal Production and the Indwstrial Economy
Eric Knorr, ArcelorMittal ~ Decernber 11, 2008

11
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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 e | 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, 12

™™ 97, MS 78

Source: http://www.eia.doe. gov/cneaf/coal/page/coaldistrib/coal_distributions. html



ENERGY CENTER

- Center for Coal Technology Research

PURDUE UNIVERSITY

Discgvery Park

Base Load Power & Economies of Scale

Large power plants will operate non-stop & provide most of
our base-load power (coal, nuclear). Intermediate (cycling)
& peaking plants are more flexible (combined cycle etc)

Peak Plant in Operation

Intermediate
(Mid-merit)
Plant in Operation

Base Load Plant in Operation

0 12
Midnight Noon

Hours of Day

.24
Midnight

Technologies:
Pulverized Coal, PC
Super Critical PC, SCPC
Gas Turbines, GT
Combined Cycle, CC
Integrated Gasification
Combined Cycle, IGCC

13
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IGCC - Integrated Gasification Combined Cycle

Indiana, Duke Energy, Edwardsport, Commercial first in US
Wabash Valley, Coal-To-Gas. IGCC & CO, capture capability

Coal
Gasification
INTEGRATED AIR \ ”
NITROGEN D ”
”
3 , ,
N :
- Combined
AR 3 r— = a0 AT R |
e & = = ’ Cycle
o R — = o Generation
AIR SEPARATION UNIT = -
AL, PETRC L[ M

l [ I F[ Ed GENERATOR
.

COMBUSTION TURBINE

"@&ﬂ:@ 1

SLAG T
YPROD UCT Y 5
3 J
/ HEAT RECOVERY GENERATOR

” STEAM GENERATOR STEAM TURBINE
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Efficiency, % (HHV Basis)

DOE,

Net Plant Efficiency & Fossil Energy Options

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

. GEE - General Elc.ac.tric Energy Probably the
. CoP - ConocoPhillips 50.8% most likely
G “r | .S, base-load
technologies
for the next
50 years?

Life of a large
power plant
IS 50+ years

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 1 5

NETL, ACost & Performance Baseline for Fossil Energy Plantso, DOE/
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Cost of Electricity & Technology Options

160
. : GEE - General Electric Energy :
ol et | coP - ConocoPhillips Estimated costs
OVariable Costs GCC W|th Capture
B Fixed Costs
1204 mCaptal cosis Y but no cost
[ 1029 1057 estimates for
— a7.4
"™ i CO, storage
48 _ 80.5
oo == H Probably at
i
8 . ] = least 10+ years
before there are
40 any forms of
commercial
CSS
04
GEE GEE ﬂw CoP C?fa:v;'utrlfz Shell Sréal-zl)l; Sub;gtical F?Cub:rrtcltl:;; Sup-e;:éritical S:’Lgircrgggl MNGCC NGC%% wi
C;:;;?:re B ) Capture Capl-ture Capture Capture
16
DOE, NETL, fACost & Performance Baseline for Fossil Energy Plantso, DOE/
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Indiana Coal Characteristics & Resources
Indiana Geological Survey, IU Bloomington

¥ )
R o Indiana consumes 70 MTons/yr
oy 29=
s £535 _ & produces 35 MTons/yr
:g % 2 g foc;oaI:::;labled .

5 % 858 4 minina(ise) |l ndi anads 17.5 BT
wleo 1 - N -
S| g Grown Energyo 1n
2| 3 T There are hundreds of years
HER of energy supply in the state
.% f g Coal rastricted by technological factors
2| & e :

3@
:
Coal restricted by land-use

v_l
— Coal mined out and lost in mining (2.8)

MY
.Emﬁm lw5 an‘ﬂ:u“dlz of r ';wd J(Knd zb“‘ ‘0-= 'w"lqg:‘k:gm-;-m Source: Mastalerz, IGS, 2007

resouces

17
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|l ndi anads Coke & Rail |
CCTR & Purdue Calumet CCTR & Purdue North Central

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

Software modeling of optional
expansion and operational

plans of the railroad network
In Indiana ~7

Existing Gas port

Proposed gas port
site in down comer

Proposed Gas port
sites in the sole flue

Scenario 6: Prosperity to Schahfer vis 18
West link with North ink

http://mww.purdue.edu/dp/energy/CCTR/byTopic.php
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Syngas, Transportation Fuels, Slurry Reuse

Electricity .
o on ) CCTR: Industry & Academia
o o Coal-To-Liquids, CTL
Poholoian Gasification | clean : Hydrogen, .
Coke syngas ' ammonla, methanol Fuel Security
ouResioue (R (CO++,) ot natr Indiana Geological Survey
Gas gas Reuse of coal slurry ponds

(SNG)
Biomass

Trops Transportation

Orimulsion® i Fuel

Economics, emissions &

risk are the key issues
for commercialization
of new technologies

% FT Fuels Suppl'

Spoil = displaced overburden

$45/barrel

Gob = coarse-grained refuse

Slurry (tailings) = fine-grained refuse

onventional Fuel Supply Cost

$ per Barrel
Reducing Incentives
EEEESR I$ EEER

(

Fragmented |
Mine-Run Coal Preparation Plant
(Raw Coal) (Washer)
»
Ref -
Plant Coa (Refuse) 1980 Tlme

Variable incentive starts at $45/barrel & no losses/risks occur
19
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Underground Coal Gasification, UCG
CCTR & Purdue School of Chemical Engineering

UCG reduces capital expenditure & stores CO,

—
;]
|

s
1

-

N
|

| Indiana coal seams are

a similar thickness to

those in Europe

Mean Seam Thickness (m)
—
(=]

I 1 I

T T T _‘_‘_‘!__ T -,——"'!"_d_“d-!
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Mean Seam Depth (m)

]-r-—- Oxidation 20ne —e
| Reducing zona
=+—LDrying and pyrolysis zone -

20
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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Transmission, Coal & Wind

MISO = Midwest Independent System Operator
New 765 KV line costs $5 Million per mile
MISO & Indiana implementing wind

R

ET e Ajl‘!\
== "OH

wy

Nuclear only under environmental scenario © w LRR w
20,000 Future Capacity Requirements 2008-2027 L
I 73,886
Reference Wind Mandate = 12,600 MW ——— 1,235
70,000 | Coal Retirement = 6844 MW Bh
*Demand Response = 1,235 MW
4000 LL_BENINd the Meter Generation = 1,425 MW 58,146 Investment in
— ant05_yaas - transmission is vital
: for success of wind
§ expansion
. Consider the option
of coal by wire
6,326 6,326 6,326 6,326
Ref Env Fuel I Ren
Future
|EI Queue B Nulcear @ Coal BCC B CT @ Wind @ BTM ODR 22

http://mww.purdue.edu/dp/energy/CCTR/byTopic.php
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Wind & CO,; Coal & Natural Gas

ANatural Gas emits CO, but less than coal
A Wind could use CC for backup power & so wind is not emissions free

A Suggesting 100 MW of wind includes 50 MW from gas turbine (synfuel)
for 60 MW of constant base load?

CO, Coal Natural Gas

(Weight Units) (Weight Units)

(1) Per Unit of 25 15
Primary Energy

(2) Per Unit of 78 25
Electricity

http://mww.purdue.edu/dp/energy/SUFG/

SUBSTITUTION OF NATURAL GAS FOR COAL: CLIMATIC EFFECTS PP . . L. - .
. o . ]Deparmrf'm of Atmospheric Sciences, University of lllinois, 105 8. Gregory St., Urbana,
OF UTILITY SECTOR EMISSIONS N . R
IL 61801, U.S.A. 23
E-mail: hayhoe @atmos.uivc.edu
9 . . Lo
“Corporate Strategic Research, ExxonMobil Research and Engineering Company, Annandale,
NJ 08801, U.S.A.

KATHARINE HAYHOE !, HAROON S. KHESHGI 2, ATUL K. JAIN ! and
DONALD J. WUEBBLES !
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CO, Use, Gas Pipelines, Carbon Highways

CO, use has +ve cash flow compared with storage

Midwest
Consortium starting

CO, under Mount
Simon Sandstone &
will take 3 years

Permian
Basin

Mississippi

24
http://mww.purdue.edu/dp/energy/CCTR/byTopic.php
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Improving Emissions Standards

60%
o 40% =
§ 20%+ Emission standards are improving.
(&]
= 0% . )
g As yet no legislation for CO,
E -20% —
o
-40% = ——Heat Inpu » Emissions
. Electt:icl:i,tyt(ieneration* —ﬁgximissions \
0 /G1 990 1995 1996 1998 2000 2002 2004 2006
Year
A Emissions of CO, are much 2002 U.S. SO,  NOx CO,
greater than any other type of E'Enlv'ﬁg'nzr)‘s
emission i a much greater Uil 0.6 2 > 4006
lities : . , :
controls challenge
Transportation 0.7 12.6 1,657.5

A Problematic modeling of cloud
movement vs modeling of Other 5.1 5.6 1,688.9

global warming Total 16.3 22.6 5.796.0

http://mww.apx.com/environmental/emissions-cap-and-trade.asp

DOE, EPRI, CURC, http://www.netl.doe.gov/technologies/coalpower/cctc/ccpi/pubs/CCT-Roadmap.pdf
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Is there Significant Investment for Energy R&D

20th

—
Century< 1942 Manhatton Project, $32 Billion ($2006)

1961 To put Na man on the moon D
decade, 0 $180 Billion ($2006)

N—

 National expenditures

U Warin Irag = $350B

U 2005 NASA space shuttle = $145B

U Energy Policy Act of 2005 = $14B

2007 U.S. GDP = $13.8 Trillion )
$350B = 2.53%, $145B = 1.05%, $14B = 0.10% =
2009 Stimulus Bill, $1 Trillion = 7%

215'[

Century
<
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