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EXECUTIVE SUMMARY

Introduction

How can Indiana increase the usklndiana coal through a stateed$directed progranof

applied research and developmenttbg Cente for Coal Technology Resear¢d@CTR)? To

amswer this question in the shortun, the current decision processef purchaserof Indiana
coals, primarily electric utilities need to be understodd.the longrun, the factors that will
control future coal use ithe Indianaegion ancelsewhere are mokaried

In both the short and lorm@in, the structure of coal costs will drive the design of the program, as
coal competes with other forms of energy to
both the short and long run cost of mining the dasalf, the cost of transporting and processing

the coal for use, and finally, the capital and operating expenses necessary to burn coal and
dispose of combustion bgroducts in an environmentally acceptable manner.

Currently, Indiana mines over 35 milticdons of coal a year, or about 3.5% of total U.S. coal
production. Looking to #future, Indiana has more energy underground in the form of coal
reserves than the entire United States (including Alaska) does in the form of oil and gas reserves.
This sttistic is derived using the Indiana coal council estimates that 18 billion tons of
recoverable coal remains in Indiana. Using an average of 22 million Btu/ton, the energy content
of this coal is 400 quadrillion Btu (one quadrillion =11Btu). Total US. oil and gas reserves

are 320 quads, according to the Energy Information Administré&#); hence the conclusion.

The demonstrated reserve base is over 9 billion short tons, enough to maintain current state
withdrawals for over 200 years. The mesebase for the entire lllinois basin deposits which
Indiana coal is a part of amounts to over 130 billion tons, or 25% of total demonstrated coal
reserves in the United Stafieenough to meet entire U.S. coal demands for over 100 years.

The point of dlthis is that the Midwest in general, and Indiana in particular, has an enormous

relatively untapped energy source which can increasingly be turned to as the cost ofvaternat
fuels (gas, oil) increase.

Current Use

Figures 1 and 2 summarize the emtr pattern of Indiana coal production, imports, and exports.
The important points are:

(1) Figure 1: Indiana produced over 35 million tons of coal in 2002, 32 million for
consumption within the state, the vast majority used to generate electricity.
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(2) Figure 2 Indiana consumed over 66 million tons of coal, over half imported from
other states, chief among them Wyoming (13 million tons, all for electricity
generation), West Virginia (8 million tons, mostly for coke plants), and lllinois (6
million tons for eletricity generation).

(3) Indiana imports 10 times the amount of coal it expor8t million tons of imports
versus 3 million tons of exports.

While the value of the 35 million tons of coal production represented less than 1% of total

Indiana gross state guiuct, it is estimated that the sector contributed o%e35® million dollars
and 14,325 jobso the statés economy, all @ncentrated in the 18ounties which make up the
southwest coal producing region of the state. This calculation understates thvaldeief
|l ndi ana coal reserves, since it ignhores

electricity prices (only two statésKentucky and Wyoming have significantly lower prices),

and the i mpact of

t hese etonomy.el ectricity

Figure 1. Distribution of Indiana Coal in 2002
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Figure 2. Coal Destined for Indianain 2002
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Expanding Existing Use
In the short run, Indiana coalaisan be expanded in three ways
(1) Expand the exports of Indiana coals.

(2) Substitute Indiana coals for imported coals
(3) Expand the export of electricity generated by combustion of Indiaals.



Expanding the Utilization of Indiana Coals 4
Center for Coal Technology Research, Purdue University, August 18(R60iked Augu&7, 2008)

(2) Increasing Exports

Increasing exports of Indiana coals to surrounding states is a possibligjorically, Indiana
has exported much more coal than the 3 million tons exported in 2802990, exports were
over 10 million tons, with the total gradually falling to present levels ovemteevening years.
Currently, theexports are to Kentugk(1.5 million tons),Wisconsin (0.7 million tons)and
lllinois (0.5 million tons) Noticeably absent are Michigan and OhidAll these states burn
significant amounts of imported coalMichigan imports 32 million tong22 million from
western coals)Wisconsin 22 million tons(20 million from Wyoming; Ohio, 18 million tons
(17 million from eastern coalsKentucky (13 million, mostly eastern coals) and Illinpi8
million (7 million from Wyoming). Thus, the totapresent export market for coal in gkboring
states is over 100 million tons | nalrreat marléesshare of this total is less than 3%.

Clearly, the economic tradeff between the higher transportation costs of non Indiana coals and
the lower capital costs of burning low sulfur non i&meh coalswill drive opportunities to
increase exportsThe impactthat pending mercury and other @iisle environmental legislation

will have onits tradé off, and what a focused research and developmegram can do to tip

the scales towards Indianaats in this tradieoff, should be a major focusf the CCTR

(2)  Substituting Indiana Coal for Imported Coal

Historically, coal imports have been a higher fraction of total coal use in Indiana than they are
now. In 1991, 22.6 million tons of Indiana coalere consumed in Indiana, while over 38
million tons were imported an excess of imports over domestic consumption of almost 16
million tons. In 1995the excess of imports over domestic consunmpgicew to over 20 million

tons. Since then, the excessshheen falling to the present level of jusiep 2 million tons.
Despite the improved historical import substitution reconer 50% of the coal consumed in
Indianacontinues to com&om outside IndianaThere are two major markets for imported coals

in Indianai coals imported to generate electricity (roughly 25 million tons, half from Wyoming)
and coal used to produce6todriliontbng)r | ndi anads

The major issue in the substitution of Indiana coals for imported coajfsower generation is
identical to the major issue of increasing Indiana coal exports for power genéréteradé

off between lower transportation costs of Indiana coals and the increased costs of burning
Indiana coals because of environmental requirgmeAgain, the task of the CCTR will be to
identify what a faused research and developmprigram can do to allow Indiana coals to
economically substitute for the coals now imported into Indiana.

The substitution of Indianaoals for coalnow importedby | ndi anads steel
slightly different set of issuedBecause of the particular characteristics required for coking coals,

it is estimated that only 45% of the current coking blends could be satisfied by Indiana coals.
The Brazil forman coals in Indiana are the most suitable for coking purposes, but their
reserves are limited (about 100 million tons) and can only be mined economically using surface
techniques. The picture is brighter for coal injection into the blast furnace to gutestior
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coking coal as a source of hedDanville formation coal which is quite abundant in Indiana,
could be used for this purpose. In total for the two uses, it is estimated that from 4.5 to 5.5
million tons of Indiana coals could technically be gitbsed for non Indiana coals.The
problem,of course, is again economic$he objective will be to design a focualseesearch and
developmentprogram whose goal would be to improve the economic recovery of Bradil
Danville formation coals, or talenify otherdeposits with similar characteristics.

3) | ncreasi ng hH(Expatlof EkctricitWi r e 0

Currently, Indianaelectric utilities exporabout 850 megawat($irm contracts that are soon to
expire) of base lod coalfired electricity capacity, with is the equivalent of abou.5 to 3
million tons of , ae aldctricdyxspnbto otlser sfatdisat is \generated by
coakired plants in Indiana. About half of this coal is Indiana coal, while the other half is
imported from Wyomig. In addition to this total, there is,200 megawatts otoalfired
capacity located in Indiana whose entire capacity is sent to the owners, a consortium of Ohio
utilities. All the coal used in this plant is brought in from Wyomimgswitch to Indianacoal at

this facility would add an additional three to five million tons of Indiana coal exported by wire.
The relative economics of expanding direct coal exports versus expanding coal exports by wire
deserve the attention of CCTR.

Future Use of Indiana Coals

In the longrun, the decisiono satisfythest at eds gr owi ng neéfiedf or el
plants, gasfired plants, or other means will have a profound effect on Indiana coal Tuse.

State Utility Forecasting Groy{sUFG)estimates thahe state will need access to an additional
10,000 megawatts of new resourd®s 2021, an almost 50% increase over current installed
capacity. A portion of this needi 5,870 megawattsi should be baseload resources
economically suitable fogenerationby either coal or gasA few years ago, the conventional
wisdom was that all thisould be met by the gas firedmbined cycle technology words like

Awe ol | n e v ecoatieed gge naenroatthieorn pl ant built i n  my
statementsby those in and out of thandustry. All that has changedvith the advent of
$5.00million Btu and higher natural gas prices, to the point where Peabody Coal and their
partners have announced plans to build ¢evalfired unitsi one in lllinois andbnein Kentucky

T in the coming yearsThese plants will be equipped with the latest pollution control equipment,
and will use lllinois basin coal rather than low sulfur western coder is this a unique
situation. Studies done by SUFG indicate that uslestural gas pricestten to the levels they

werein the 199817 in the rangeof $3.00 to $3.50 per milliont® i new pulveized coal plants

will be the mat economical method of meeting base load demands.

Despite their meeting current environmentahdeds, many environmentalists are opposed to
the construction of such plants, arguing that using the pulverized coal scrubber technology
simply digs a deeper hole for the utilities to climb out of when the more stringent environmental
legislation they ex@ct to be passed in the near future becomes [@aey, and many others,
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argue that the real anstveenttonpseseprpervgpgmcmal
call ed dcl ean, @hefaamond thenhimeyrlatedgGoa <asification Coradi

Cycle (IGCC) plants i mi | ar I n d e260i ngegawatt dVabhsh KRivea Repadvering

project. Cer t ai nl vy, a major focus of CCTR6s resear

operation of plants likéhose envisioned in the Futureproject nw in the planning stge by
the federal government
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SECTION 1
EXPANDING INDIANA 6 €OAL USE

The pattern of coal flows in and around Indiana spelled outignséittion isthe cumulative
effect of a series of decisions made by coal purchasers over tlse gedhey try to minimize
their costs of production, subject to the changing environmental aed roies that affedheir
choice.

1.1 Explaining Coal Flows in Indiana and the lllinois Basin

If the Center for Coal Technology Resear@C(TR) is tohaveany hope in alterinthe pattern of
existing coalflows to the benefit of Indiana, the economic logic behind these coal purchase
decisions must be understodBeveral things stand out in the patteFirst, for whatever reason,
Indiana imports over tenntes the coal tonnage than it expdrt84 million tons flow in, and

only 3 million tons flow out. Second, the bulk of thesnflows (80% of exports, 75% of
imports) are to power plantAs a result, Indiana generates only half ofcisiHired electriaty

using Indiana coalé 22 of the 44 milliorshorttons supplied in 2002(Note that all tons in this
paper refer to short tons).

Thus, the first thingCCTR needs to dés to understand thaerocesses that govern the decisions of
utility coal purchasern the region. History is important hegince the tonnagshipped
weighted average duration of coal contracts in tife I3 over 16 years.Choosing the mx of
coal that minimizes the casbf generating electricita n d i t s (subjdce tb the &xiouy
environmental and other rulgeverning generatignis indisputablyan important objectiveThe
real questiorhoweveris what governs theostsper million Btuof alternative coal® How does
the historical pattern of such costs explain therert pattern andso direct CCTR resources
towards altering the pattern in favor of Indiana coals.

Several major factorseem to goverthe deliveedcost pemillion Btu (10° Btu):

(1) The cost to mine the coalfwo costs are important her@he out ofi pocket, short
run cost and the longrun cost, which would include eeturn on the investment the
owner has maden the exploration, development, miningguipment and site
rehabilitation costs While shortrun coal use patterns can be explained by out of
podket cost differences, sustainable patterns must allow coal mine operators to
recover their investmentsindiana mines haveredominantlybeen surfacemines
over the past half century, havitgver investment costs compared to underground
mines Thisis changinga s | n deseavaesaobssirface deposits becaepleted
and the cleanup costs of surface mines increases.

(2) The transportation cost of the coal from the mine to the ufilapt. Such costs can
vary from a negligible cost fonear mine mouth plats to over $25 per tofor
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transport from distant locationsTransportation costs per million Btu, the important
cost for coal purchasers, also significantly valgpending on the heat content
(Btu/lb). Wyoming coals have a heat content of under 9,000lB while Indiana
coals have a content of 11,000 Btu/Ib.

(3) The costs of pragssing the coals for combustiomat cleaning,and pulverization/
granulation, either at the mine siteat the generating station

(4) Thecapital and operating expenses necgsgaburn the coal in an gmonmentally
acceptable manner.

(5) The disposal costs of combustiori pyoducts.

A portion of (2), and almostlhof costs (3), (4), and (5are a function of the characteristics of
the coals themselvéstheir sulfur, heat, andsh content, to name the major determina@tssts
(3), (4), and (5) are also at legstrtially responsible for theariation seen irthe delivered cost
per10° Btu of coal to Indiana utilities in 2002from a low of $1.08 per £®tu for Indiana coal
(48% of the totalndiana consumption$1.15 perl®® Btu for Wyoming coal(20%), $1.18 for
West Virginia(12%), and $1.19 for Illinois cogb%).

Finally, and perhaps most importantly, is the opportunity cost of the ¢othle cost to the
purchaser of th nextbest option available at the time of purchase. Thus, the rising cost of
natural gas, the alternative fuel for new power plants, can explain the recent upward trend in coal
prices, as coal producers adjust their prices to the competition.

1.2 Coal Flowsand Reservedor the United States

The economic benefitd Indiana from coal production, presenggneratingan annualgross
revenue over $600 millio(B0 million short tons/year x $2@h), has always been significant
since early mining began. Frote initial recordings of coal in theatein 1736, to the first
incorporatedcoal companies in 1837, tmal output reaching over 30 million tons per year by
1918, the role of coal has always been important in the history and life of Indiana.

The endof the 20" century sawever gowing concerns regarding thepenénce on foreign
energy suppliesyhich whencombined withmore stringenenvironmental legislation, resulted
in a vigorous debate, still in progress, as to the role of coal in the econNew.research
programs ardghereforebeing developed fomcreaseduse of the natiais huge coal reserves
(amongst thdargest coal reserves in the world, Figard). The coal production in 2003 for
the three U.S. coal producing regions is illustrate@igure 1 2. Over the years the trading
patterns of coal have changed and are continuing to changenalibe has seen a gradual
decline in coal exports over the past twenty years and a small increase in imports{iF3yure
The U.Sstill expors twice the tonnage it importsA summary of coal production by the three
U.S. coal producing regions is shown in Taklé.1
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The total U.S. recoverable reserves at producing mines (EIA 2003 de¢a)8,216 million
short tonsand the demonisated reserve basis 497,708 million shotons(Table 12). For
Indiana the recoverable reserves at producing mines are shown iemlIR81shorttons (2.1%
of U.S. total) with a demustrated reserve base of 9,637 million shams (Table 12).

The total U.S. cogbroduction in 2003 was 1,069 million tons and therefore has 465 years of
supply if this rate is maintained using the 497,708 million tons base (Tigble 1

The total Indiana coal production in 2003 was 35.4 million tons and therefore has 275 years of
suppy if this rate is maintained using the 9,637 million tons base.

In 2003 the total coal production (tonnage) in the United States Interior (AR, IL, IN, KS, KY,
LA, MO, MS, OK, and TX amounted to 14% of U.Stotal production (Figureli4,
Appalachian 35%Western 51%). This percentage has remained quite stable over the past
decade.The total coal tonnage of the combined states of lllinois, Indiana, Kentucky, and Ohio,
in 2003, amounted to 10% tife U.Stotal.

Figure 1i 1. World Estimated RecoverableCoal Reservesn 2002 (billion tons)
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Figure 1i 2. Coal Production by Coal Producing Region, 2003 illion tons)

and Percent Change from 2002
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Figure 11 3. U.S.Coal Exports and Imports, 1949to 2002
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Figure 17 4. U.S.Coal Production by Regi
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Table 11 1. U.S. Coal Production by Coail Producing Region

and State, 2003million tons)

Coali Producing

Region and State 2003
Appalachian Total 375
Kentucky, Eastern 91.7
Ohio 22
Interior Total 146.2
lllinois 31.6
Indiana 35.4
Kentucky, Western 21.4
Western Total 547.3
Colorado 35.7
Montana 37
Wyoming 375.5
U.S. Total 1,069.50

Sourcehttp://www.eia.doe.gov/cneaf/coal/page/special/feature.html
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Table 1i 2. Recoverable Coal Reserves at Produny Mines, Estimated Recoverable Reserves, and
DemonstratedReserveBase by Mining Method, 2002 million tons)
Underground - Minable Coal Surface - Minable Coal Total
Coal-Resource Recoverable Esti d Recoverable Esti d Recoverable Esti d
State Reserves at stimate Demonstrated | Reserves at stimate Demonstrated | Reserves at stimate Demonstrated
Producing Recoverable Reserve Base Producing Recoverable Reserve Base Producin Recoverable Reserve Base
= . = - g -
. Reserves . Reserves , Reserves
Mines Mines Mines
Alabama .. 344 533 1,097 21 2,205 322 366 2,848 4318
Alaska 2745 5423 W 348 692 W 3,203 6,115
Arizoma ... - - - W 30 38 W 30 38
ATKANSAT oo - 127 272 W 101 144 W 228 417
Colorado ... 429 6,120 11,661 190 3,732 4,769 629 0872 16,430
Georgia .. - 1 2 - 1 2 - 2 4
Idaho ...... - 2 4 - - - - 2 4
Mlinois . 73 27978 88.077 27 10,083 16,570 900 38.081 104 648
Indiana ... 22 3.645 8,801 138 488 835 381 4,134 9,637
lowa ... 807 1,732 - 320 457 - 1.127 2,189
Kansas. .............. - - - W 681 o73 W 681 a73
Kentucley Total . 812 7,636 17,484 198 7,577 13,130 1.010 15,213 30614
Easter............ 335 833 1,491 168 3,208 9,486 T03 6,131 10,977
Westerm oo 277 6,803 15,903 30 2,27 1644 307 0.082 19,637
Lomistana. .o - - - W 323 437 W 323 437
Marvyland.... W 327 507 W 49 72 65 376 6aEo
Michigan - 35 123 - 3 5 - 59 128
Mississippi. - - - W - - W - -
Missouri . - 689 1479 W 3,139 4512 W 3,848 5,991
MOMEANA oo - 35923 70,958 1,115 39145 48418 1,115 73,067 119377
Wew Mexico. ... W 2860 6,109 W 4121 6,051 1,385 6,981 12,240
North Carolina .. - 3 11 - - - - 3 11
Worth Dakota ... - - - 1,211 6,903 9.166 1,211 6,993 9,166
Ohio .o 214 7,737 17,631 141 3,789 5,788 356 11,5346 23419
Olklahoma... w 575 1,233 W 230 328 18 804 1,562
Oregon oo - 7 13 - 2 3 - o 17
Pennsvlvania Total .. 468 10,880 23541 108 1,074 4,297 576 11,854 27838
Anthracite 2 340 3,845 24 420 3350 26 761 7.204
Bituminous.. 466 10,540 19,606 84 634 038 350 11,194 20,634
South Dakota - - - - 277 366 - 277 366
Tennessee...... 3 283 jl6 10 184 271 16 467 787
Texas... - - - 73 9,668 12,559 673 0,668 12,559
Utaly........ w 2.582 3,267 W 212 268 356 2.794 5,534
Virginia...... 220 700 1,247 41 386 603 261 1.086 1,850
Washington ... - 674 1,332 W 18 23 W 693 1,356
West Virginia Total . 1.074 15,863 20722 359 2,518 1,091 1,433 18,3581 33713
Northem... 436 NA NA 15 NA NA 451 NA NA
Southemn... 638 NA NA 345 NA NA 982 NA NA
WYOMUNE oo cmr e - 2295 42501 6,673 19,688 22,790 6,673 42638 65,201
ULS, Total e ceceeneeesecassnsremssrasns 5.231 151,744 336,928 12,985 117.713 160,780 18.216 269,457 497,708

Sourcehttp://www.eia.doe.gov/cneaf/coal/page/acr/acr.pdf
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1.3 Coal Consumptian and Production in Indiana

For the past 30 years Indiacaal production has been between &l 36million tongyear
(Table 13, Appendix 1). Hving billions of tons of reservg¥able 12, Appendix 3) thestate
has hundreds ofyears of coal supplgtll remaining Pr oj ect i ons
production rates, coal imports from other states, and high dependeramlofor electricity
generatiorare factors that critically impact the Indiana econpaspeciallysince cheap coal is

13

of

ndi

perhaps thanajor factor in explaining n d i aelatavélyscheap and very reliable supply of

electricity for industry and commerc&.he same factorslong withthe major useof Indiam 0 s
coals Indiana utilities, stilbeingregulated makethe statea prime locéion for promoting clean

coal technologies.

Table 11 3. Indiana Coal Supply and Demand(Thousand Tons)

(A) (B) (C) Imports (D) (E) (C)(E)
Total Indiana *x Exports %
Year Shipment of Produced into Indiana Indiana Total outi ofi Imports/
Indiana Coal Used from Other Coal state Exports
Coal in Indiana States Consumption (A)1(B)
1987 33,927 24,445 26,940 51,385 9,482 284%
1988 31,581 22,352 33,478 55,830 9,229 363%
1989 33,727 24,146 33,242 57,388 9,581 347%
1990 36,121 25,301 36,400 61,701 10,82 336%
1991 31,204 22,619 38,171 60,790 8,585 445%
1992 31,201 T T T T T
1993 29,576 23,913 36,440 60,353 5,663 643%
1994 30,602 24,733 35,263 59,996 5,869 601%
1995 25,572 21,185 41,446 62,631 4,387 945%
1996 29,666 24,310 39,711 64,021 5,356 741%
1997 34,805 29,916 36,126 66,042 4,889 739%
1998 36,774 32,992 33,485 66,477 3,782 885%
1999 34,215 30,742 36,622 67,364 3,473 1054%
2000 28,285 26,660 45,614 72,274 1,625 2807%
2001 36,714 31,007 T T 5,707 T
2002* 35,391* 32,146* 34,123* 66,269 3,245 1052%

Source: The Indiana Coal Council, Intttp://www.indianacoal.com/useofcoal.html

* http://www.eia.doe.goeheaf/coal/page/coaldistrib/o_in.html

** http://www.eia.doe.gov/emeu/states/sep_use/total/use_tot_in.html

While Indiana is an important coal mining statds also a major coal importing state with about
half of its needs being shipped in from othtates.
with much smaller quantities than those that are being imported, as can be seen idiBable

The past several years have seen about 10% of the Indiana coal production being shipped to
other states sucls&entucky, lllinois, Wiscosin, lowa, and FloridaAppendces4, 5. In the

Indiana is also a coal exporting state bu

1980s and 19%s the outofi state shipments of Indiana coal were higher and more in the range of

20% or more. Indiana is the biggest consumer of coal among Midwest statesrafatehmoal

an
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is a commodity that is more important to thtate than ts neighbors Indiana has also been
importing over the past 20 years more tonnage of coal than it has actually been producing
(Appendices 67). Certainly the question of what reseaarid development breakthroughs
might allow Indiana coals to substitute for imported coals will be a major focus of the CCTR
research agenda in the coming years.

In 2002, 91% of Indiana coals (35,391 thousand short tonsdinwent towards supplyingate

needs The past20 years have also seen 80%®@% of the Indiangroduced coatlistributed

within the ssategoi ng to el ectricity generation. I n
dependent upomoth Indianacoal andouf ofi state coal. The 2002 amaut of Indiana coal

supplied, for iii state electricity generation, was 23,370 thousand short tons (66% of total Indiana

coal production).Indianasuppliednearly 94% of its electrical energy demand (MWh) in 2002

from coal The percentage of total genengficapacity (MW) in Indiana that was using coal was

79% (Table 14). This disparityi 94% of generation, but only 79% of capaditindicates that

coal fired plants operate many more hours than gas fired units, which typically are used only
during peak peods.

Tableli4.1l ndi anab6s Electricity Power |,2082ustry an
Primary Energy Source Coal Nuclear Hydro Natural Gas Other
for the Electric Power Industry % % % % %
Indiana Capacity (MW) 79.0 0.0 0.2 13.3 7.5
Indiana Generation (MWh) 93.7 0.0 0.3 3.0 3.0
U.S. Total Capacity (MW) 34.0 11.0 11.0 20.0 24.0
U.S. Total Generation (MWh) 50.0 20.0 7.0 18.0 2.0

Source: http://www.eia.doe.govéic/quickfacts/quickelectric.htm
http://www.eia.doe.gov/cneaf/electricity/epa/epat2p2.html

1.4 Future Coal Mining in Indiana

More underground mining in Indiana might becomeénaportant factor in future plans. The rate
at which this takes place will be influenced by the many other factors that determine the type of
coal needs for the stateds el éx.tricity gener a

Over the past twenty years thdnas been a gradual increase in underground mining in Indiana.
Earlyinthe 28cent ury wunderground mining produced mo
1940s surface mining production exceeded underground mining production. Over the past 40
years stface mine production has continued to produced the bulk of Inliana c o a | . Re
trendshave seen a gradusdturn to more underground miningroday Indiana has by far the

highest proportion of surface mining the Midwestat 78% of total productionT@ble 15).

How this development might affect the coal ne
is anotler question that should be considered.
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The evolution of the relationships between Indiana and Wyoming, as well as with lllinois and
otherMidwest coals, are complex. The relationships between the mines, transportation, and the
power stations are developed with contracting agreements that are intricate, needing extensive
research to understand.

While Indiana currently has no nuclear pow&angs in the state, the issue of nuclear power is
being considered cautiously once more. Its use in lllinois and the massive coal shipments from
Wyoming are both issues to understand in their historical context and how they impact coal
planners in Indianfor the 2% century.

Table i 5. Coal Produdion and Types of Mining in 2002
(Thousandshort tons)

Mining Type 2002Average 2002Average

Coal 2002 % in 2002 Price to Mine Price by
Producing Tonnage Electricity State
State (Thousand | Surface | Underi Generation ($/ton)

short tons) ground | Sector($/ton)

lllinois 33,314 19 81 22.50 24.04
Indiana 35,337 78 22 24.62 22.20
Kentucky 124,142| 39 61 27.25 27.77
Ohio 21,157 49 51 28.95 21.44
Wyoming 373,161 100 0 13.76 6.37
U.S. Total 1,094,283 67 33 24.74 17.98

Sources: DOE, EIA Annual Coal Report 2002
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SECTION 2
VALUE OF COAL MINING IN INDIANA

The coal mining industry is relatively small bigt a vital portion of Indiané economy. As
shown inTable 2i 1, coal mimng accounts for well below 1%f the staté gross product (a
measure of goods and services produced), employers, and empléi@ssver, wage in the
industry are nearly 2@ above the statewide averag8ince coal mining is concentrated in the
southwestern portion of the state, #®onomic impacts of mining are similarly concentrated
especially the employment related effe@see Tabl&i 2 andFigure2i 1.

Table 2i 1. Indiana Output and Employment Measures

Total Coal Mining Share
Gross State Product (million 20019 189919 301 0.16
Establishments (2002) 151573 50 0.03
Employment (2002) 2832553 2836 0.10
Annual Wages (2002%$/person) 32603 55205 169.32

Sources: Bureau of Economic Analysis, and Bureau of Labor Statistics.

Table 2i 2. 2003 Indiana Coal Production by Couty

1. Gibson 12,765,071
2. Pike 5,671,555
3. Knox 4,383,393
4. Vigo 4,232,880
5. Greene 3,125,886
6. Daviess 1,444,236
7. Sullivan 1,400,120
8. Warrick 1,198,239
9. Clay 741,732
10. Spencer 336,060
11. Parke 7,401

Total Tonnage 35,306,573

Saurce: http://www.indianacoal.com/production/2003/county.html.
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Figure2il. Locati ons of | ndi @oalfirédsPovweoPdahts Mi nes an

Coal-bearing area

] Coal-producing county

Coalfired poweer plant

Coke plant

Total Area of State:
38,291 square miles
Area Underlain by Coal:
6,500 square miles

Source: Energy Information Administration/State Coal Profiles

Estimates of the direct inputs used in coal patbn in the United States are presentediahble

2i 3. The quantities in the table represent the costs of various inputs used in coal mining and are
normalized to one, and therefore may be thought of as fractifodsllars per dollar of coal
produced. As can be seen from the table the major inputs are mining activitiespn.asite
extraction, transportation, storage, etc. and purchases from the manufacturing and transportation
sectors and to a lesser extent purchases of trade goods and sefviegsw labeled 'Value

Added' is the portion of production value that goes to wages, federal, state, and local taxes, and
return on investment.

Table2i 3 presents averages for the U.S. across all coal and mine types and most likely does not
precisely reflectthe Indiana coal industry.Unfortunately, a similar table for Indiana is not
available, and such tables aaéso unavailable for surface versus underground mines and
different coal mining techniques.
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Table 2 3. U.S. Coal Production Direct Requiremets per Dollar Delivered

Sector Share

Agriculture, Forestry, And Fishing 0.0009
Mining 0.1005
Construction 0.0034
Manufacturing 0.1669
Transportation And Utilities 0.1548
Wholesale And Retail Trade 0.0446
Services 0.0404

Value Added 0.4886

Totd 1.0000

Source: Bureau of Economic Analysis, National Input Output Accounts.

The data presented in Tablé42are Indiana specific inpudutput multipliers developed by the

U.S. Bureau of Economic AnalysisInpufi Output analysis is a tool used to exae the
interrelationships between various components of an economy and is often used to estimate the
economic effect of a new facility, expansion of an existing facility, or the shutdown of an
existing facility. The estimates of economic effects of angeain the economy can be
summarized using inpiubutput multipliers. Specifically, the multipliersin Table 2 4 state that

for each additional million dollars of coal production, total economic activity in the entire
Indiana economy wouldincrease $2.24 itfion, household earnings in all industries would
increase $0.57 million, and employment in all industries woulckase by 13.42 jobs. The final

two multipliers in the table, 2.34 and 5.05, relate to increased earnings and jobs due to increased
employmat in the coal mining sectorThe ratio of13.42total jobs per million dollars of coal
production and 5.05 jobs in all industries per job in coal production implies 2.66 coal mining
sector jobs and 10.76 jobs in all other industries per million dolfarceased coal production.

The gross state product and employment numbers in Taldlec2n be combined with the
multipliers shown in Tablei2 to estimate the total economic value and employment effect of
the coal mining industry. The gross stateduct reporedin Table 21, $3Q million, is a value
added measure and therefore does not include purchases from other industries and the purchases
mack by those industriesMultiplying $301 million (the coal mining portion of the gross state
product) by 224, the total demand multiplietyields an estimate of 15350 million of state
economic activityattributable to coal miningvhich includes all the interion betweenvarious
components of the economy. A similar calculatpovides an estimate of total playment
including the emlpyment in coal ming and the industries which provigeods and services to
the coalmining industry. Multipying 2,836 from Tablei2l, by 5.05 from Tablei2, results in

an estimate of 14,325 jobs related to coal mining aadrtiustriesvhich provideinputs to the
coal mining industry.
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Table 2 4. Indiana RIMS Il Multipliers

_ _ . . Coal Mining
(1) The total dollar change in outpthat occurs in all industriefer each (1) 2.2435

additional dollar of output delivered to final demand by the industry.

(2) The total dollar change in eangs of households employed [aj
industries for each additional dollar of output delivered to final demand by (2) 0.5653
the industrye

(3) The total change in mber of jobs that occurs in afidustries for each 3) 13.4217
additional 1 millon dollars of output delivered to final demand by the )
industry.

(4) The total dollar change in edngs of households employed Iay (4) 2.3437

industries for each additional dollar of earnings paid diyectlhouseholds
employed by théndustry.

(5) The total tiange in number gbbs in all industries for eacidditional (5) 5.0512

job in the industry.

NOTE. Multipliers are based on the 1999 Annual lilQuitput Table for
the Nation

Source: Bureau of Economic Analysis.

Obviously the point is that increased output in the Indiana coal mining sector has economic
consequences beyond those directly attributed to mining.

Indiana coal use could be expanded in at least four ways:

(1) Increase Indiana coal exports,

(2) Displace noinindiana imported coal with local coal,

(3) Utilize Indiana coal to meet the increased eleityr demand projected bthe State
Utility Forecasting GroupSUFG), and

(4) Utilize Indiana coal to genemaelectricity for export.

Items (1) and (2) have very similar economic impacts since in both cases Indiana coal production
and related economic activity are directly increased. They differ in that the associated
transportation patterns and environmereffects would obviously change. Neither of these
factors is included in the rough estimates of the annual economic impact of increasing Indiana
coal production by 1.0 millioshorttons shown infable 25. The first five rows ofTable 25

present the aseptions used to estiae the dollar value of 1.0 milliotons of Indiana coal
productionand the last five rows present estimates of the economic impact of this increase in
Indiana coal production. Using these assumptions and the multipliers discussedesuits in

an estimated valuef over $26 million per 1.@nillion tonsof Indiana coal produced and a total
economic impact of just under $60 million.
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Table 2'5. Estimates of Indiana Economic Impact of
One Million Ton Increase in Coal Production

Item Units Value
Coal Production ShortTons 1,000,000
Heat Content Btu/lb 10,625
Heat Content 10°Btu 21,250,000
Coal Price $/10° Btu 1.25
Coal Cost $ million 26.56
Total Economic Impact $ million 59.5¢
Coal Mining Jobs Persons 158.3¢
All Other Jdos Persons 641.4¢4
Total Jobs Persons 799.83
Total Household Income $ million 33.6¢

According to Federal Energy Regulatory Commission Form ##8larger Indiana electricity
producers imported about 22 million tons of coal in calendar year 2002.dfltdss imported

coal came from western and Appalachian states (low sulfur content) but around 4 million tons
came from lllinois, western Kentucky, and Ohio and has sulfur content similar to average
Indiana coal. It might be feasible to displace these Matvwgourced imports with Indiana coal in

the absence of contractual arrangements, transportation restrictions, etc.

The State Utility Forecasting Group's 2003 report projects that Indidhaeed 5,870 MW of
additional baseload electric generatioparaty by 2021 The forecasting group indicated that
this need wouldikely be met by a combination of new construction, purchases from other
utilities or independent power producers, and conservation meadiitess demand is met by
constructing new cogfired plants he total economic value of the generation plant would be
largerthan that attributed to coal minimye to thep | a oonsiriection, operation, maintenance,
employment, electricity productipand so forth.
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Table 2'6. Coal-fired Share ofElectricity Generation (%) and Average
Retail Electricity Price (cents/kWh), Indiana and Surrounding States

State Coal Share Electricity Price
(%) (cents/kWh)
lllinois 46.1 6.97
Indiana 93.7 5.34
Kentucky 90.4 4.26
Ohio 90.4 6.66
Michigan 56.5 6.92

Source: Energy Information Agency, State Electricity Profiles, 2002

The value of coal mining to Indian@annot just be measured by the direct and indirect
contribution of it sales and employment toogsstate poduct given above. If Indiana were
without coal reserves, it is unlikely thimdianawould have one of the lowest electricity costs in
the nation.Only Kentuckyat 43 cents/kWh, and Wyoming at 4.7 cents/kWh, have substantially
lower costs tanl n d i aosta&ftbScents/kWh. Several othstates haw costs comparable to
Indiana. Table 2 6 presentgoaltfired generation and average retail electricity pricestididna

and surrounding states.

Certainly, lower electricity prices &ve had a positive impact onteet at e 6s economi c
althoughelectricity represents only about 3% of the costs of production in manufacturirey.

problem is how to measure it, and to separate out the impact of coal availability from the other
factors that have helped keémdianaelectricity prices lowi a good regulatory climate, low

business risk, etc. If time and resources permit, it would be useful for the CCTR to commission

a study to determine the impact first, of Indiana coal on Indiana electricity prices, and second,
the impact of these lower priceal n d i pastari $uture economic growth.
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SECTION 3
EXPORTING INDIANA COALS

Although Indiana is the most coal dependent state for electricity generattbe Midwestwith
nearly 80% of allcapacityand 94% ofall electrical energy supplied (MWh)simg this fuel
source(Tableli 5) it still exports about one tenth of its coal production to other statésat are
the reasons folllinois and other surrounding states importing Indiana ToAke therelong
standing coal contracts betweeoal mine ard utilities or are there special coal characteristics
involved? These are crucial questions for the CCTR.

31 I ndianads Generation Bal ance and Coa

Nearly 9% ofl ndi anads coal w dosout bfistata sopsametsdRiguB 1y 2 00 2
Indirectly a further 4% of Indiana coal was senfiofits t at e t hr ough ifithéhi p men
form of electricity exports.

As Indiana sets its priorities for coal technology researchimp®rtant to evaluatéhe regional

Midwest context and seeference to lllinois, Ohio, and Kentuckyed carefuconsideration
Kentucky hasa similarhigh dependence on coal for generatighile Illinois is much lesgoal
dependent (less than 40%) because afutdear powestations The lacation of the FutreGen

projectin the Midwest(FutureGen is the federal gowveme nt 6 s pl an to buil d
coakfired integrated gasification combined cycle plant which will produce electricity and
hydrogen while sequestering @Qwill be more likelyto succeedand come to this region
through a united regional approaghd similarly agreater understanding ofgienal coal policy

will help produce sountuturecoal policies.

Two crucial questions ate befrequently asked:
(1) How can Indiana increase itgports especially to Midwesstates that have nmal

reserves of their own (MI, WI)?
(2) Will changes irtransportation cosiacrease odecreaséndiana coabxport®
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Figure 3i 1. Distribution of Indiana Coal in 2002
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Source: http://www.eia.doe.gov/cneaf/coal/page/coaldistrib/o_in.html

3.2 Quantities of Exported Indiana Coals

Over the years, due to increased environmental standards, there has been a decrease in Indiana
coal exports (Tableid). To what extent will this trend be reversed or accentuated in coming
years as a result of neamergy and environmental policies being implemented?

The surrouding states of Michigan, Wisconsin, Ohio, Kentucky, and lllinois import over 100
million tonsper year (32, 22, 18, 1and 8 million tons respectively;seeSection 5). A key
element in te CCTRresearch plan should be to determine what barriers exist to the use of
Indiana coalsn these markets, and what research and developgmgatives should be taken to
increasd n d i sharad these markets.

In 2002 the largest importerof Indiana coal wereKentucky with 1.499 million tons and
Wisconsinwith 0.757million tons(Figure 3 1, Table3i 2). Kentucky generated over 90% of its
electricity demand with coal in 200and its imports from Indianapresented about 3 to 4% of
its needs



Expanding the Utilization of Indiana Coals 24
Center for Coal Technology Research, Purdue University, August 18(Re0&ed Augusg7, 2008)

Most of the Indiana coal exported to Kentucky was used by the Kentucky electricity utilities
(Figure 31). For what reason IsentuckyusingIndiana cod@ An explanation of the rationale

for this use of Indiana will be helpfuBoth Wisconsinand Michgan haveno coal minirg in the
state. They ardependent on coal fromther states and the bulk of their supplies cdrom
Wyoming. Can there be an increase in coal supplies from Indiana? wobhig save on
transportation costs.

Table 3 1. Historic Exports of Indiana Coal (Thousand Tons)

Year (A) Total (B) Indiana [(A)T(B)/(A)
Shipment of | Produced Coal % Shipment of Indiana
Indiana Coal | Used in Indiana Coal Out of State

1987 33,927 24,445 28%

1988 31,581 22,352 29%

1989 33,727 24,146 28%

1990 36,121 25,301 30%

1991 31,204 22,619 28%

1992 31,201 N.A. N.A.

1993 29,576 23,913 19%

1994 30,602 24,733 19%

1995 25,572 21,185 17%

1996 29,666 24,310 18%

1997 34,805 29,916 14%

1998 36,774 32,992 10%

1999 34,215 30,742 10%

2000 28,285 26,660 6%

2001 36,714 31,007 16%

2002* 35,391* 32,146* 9%

Source: Tableill; The Indiana Coal Council, Inchttp://www.indianacoal.com/useofcoal.html
* http://www.eia.doe.gov/cneaf/coal/page/coaldistrib/o_in.html
** http://www.eia.doe.gov/emeu/states/sep_use/total/use_tot_in.html


http://www.indianacoal.com/useofcoal.html
http://www.eia.doe.gov/cneaf/coal/page/coaldistrib/o_in.html
http://www.eia.doe.gov/emeu/states/sep_use/total/use_tot_in.html
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Table 3i 2. States that Imported Indiana Coal in 2002 and Teir Electricity Power
Industry Generation of Electricity by Primary Energy Source (% MWh)
Imported Natural
Import Quantity Coal Nuclear Hydro Gas Other
State Ranking (million % % % % %
tons)
Kentucky 1 1.499 90.4 0.0 4.4 1.5 3.7
Wisconsin 2 0.757 68.1 21.3 4.3 3.6 2.7
lllinois 3 0.468 35.0 25.6 0.1 26.6 12.7
Ohio 4 0.178 90.4 7.4 0.3 1.2 0.7
Florida 5 0.162 324 16.6 0.1 31.1 19.8
lowa 6 0.146 83.2 10.8 2.2 1.3 5.3
Missouri 7 0.019 83.1 10.3 1.5 4.4 0.7
Minnesota 8 0.008 64.3 25.9 1.5 3.0 5.3
Tennessee 9 0.006 62.1 28.7 7.6 0.5 1.1
Michigan n/a 0.000 56.5 26.4 0.5 134 3.1
Total 3.243
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SECTION 4
INDIANA IMPORTS OF COAL
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In 2002 Indiana $otal coal consumption wad6,269 thouand short tons The state produced
49% of its total coal needshile the remaining1% came from outside of the state (Figdiré,

Appendices 67).

Over recent years the most significant coal supplies coming from outside of thieas&tieeen
comingfrom Wyoming (Figuredi 2). The Wyoming low sulfur coal supply is most significant
because of its impact on theectricity generation sectorimports from West Virginia are
important for coking and the iron and steel industry in the north ostdte. Wyoming coal
imports are especially significant when considering generation fuel options for Indiana ifi' the 21
century and whenewcoakired generatiortechnology investment decisions are to be taken.

Figure 4i 1. Coal Destined for Indianain 2002
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The low sulfur Wyoming coal provides 20% of the total coal needs of Indiinaosts more
than Indiana coal in terms of dokaper delivered milliomtu (Figure 42). High transportation
costs and lower heat content oé ttWyoming coals bring th&/yomingcoal prices, when quoted
in $/Ton into a much clearer perspectiifégure 4 2, Tables 3i 4, 3i 5, Appendices 1819).

2002 mal imports to Indiana, and their percentage of Indiana consumption:

20%from Wyoming for Indianaelectricity generation

12%from West Virginia for Indianaoke,generation

9% from lllinois for Indiana generation, industrial

8% from VA, MT, KY for Indiana generation, coke

2% from AL, PA, UT, CO for Indiana coke, generation, industrial

Figure 4i 2. Indiana Coal Tonnage
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Table 4 1 shows lhe average sulfur content of Wyoming coal was 0.239% (by weight) compared
with I ndianads average of 2.136 %. Can there
the savingsin transport costs be cost effective for implementing clean coal technology in
Indiana? These questions can be considered in the CCTR research program.

The next largest importer of coal for generation came from lllinoise average sulfur content
of the lllinois coal was higher than the Indiana value. What is the reason for importing the
lllinois cods and can Indiana cobk substituted?
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Table 4i 1. Indiana: Characteristics of Coal Supplied tolndiana Electricity Utilities , 2002

Cost Heat Sulfur
Suppliedi by Tonnage (Cents/ Content (% Ash
State (million tong 10° Btu) (Btu/lb) weight) (% weight)
Indiana 21.578 108.85 11,101 2.136 8.982
Colorado 0.062 138.46 12,099 0.612 7.940
lllinois 3.680 119.19 10,860 2.445 9.009
Kentucky 0.602 155.84 12,289 1.034 10.706
Ohio 0.136 115.06 11,703 3.157 9.411
Pennsylvania 0.712 115.71 12,927 2.011 7.695
Utah 0.270 168.10 12,403 0.536 8.995
Virginia 1.172 170.44 13,905 0.728 5.545
West Virginia 2.536 117.89 12.654 1.934 9.454
Wyoming 13.052 115.75 8,82 0.239 4.822
Imported 0.088 210.19 11,505 0.582 11.375
Total 43.888 115.81 10,627 1.519 7.690
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SECTION 5
COAL CONSUMPTION IN SURROUNDING STATES

Coal consumption and production in neighboring states and the transportation costs of importing
coal will all have influence on Indiadasoal trade policy.

5.1 Regional Trends

Trends in coal production imdianaand the Midweshave been changirgignificantly over the

past century (Figuresi &, 5 2). Major changes improduction fromWyoming the mapr coal
importer to the region, are showmFigure 51. The production in Wyoming has shot up over

the past couple of decades in response to demands for a cleaner environment and low sulfur
coals. Annual production rates in Illinois, Kentucky, and Ohave fluctuated between 20 to 90,

10 to 170, and 12 to 70 million tons/year, respectivédne changein Indiana(5 to 37 million
tons/year)s the reduction in surface mining and increase in underground mines. Compared with
other Midwest states Indiargtill has the highest percentage of surface mining (Table
Appendices 15, 16, 19)lt is to be noted th&0% of the current Kentuckyroductionis lllinois

basin coalWest Kentuckyand80% is AppalachiafEast Kentucky)Table 1 2).

Figure 5i 1. Historical Coal Production in Indiana and Wyoming
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With coal transport contracts for shipments from Wyoming to Indiana being about 16 years
(Appendix 25) or more in duratiprany shift in coal supply locationvill be along process.
There is a variation across the Midwest with
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underground mining (2002, Tablé 3) contrasts withOhiob ,sKentucky ,sand lllinoig (their
percentageof underground workeing51%, 61%, 8%, respectively).

Figure 5i 2. Historical Coal Production in Surrounding States, 189G 2000
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5.2 Coal Shipments in the Midwest

A small amount of Indiana coal was transported to power plants in lllinois in 2002 Gidhle
While lllinois depends significantlpn nwlear powered generation (Tablé2} it also heavily
depends on Wyoming coals (Taldliel). The Wyoming coal has a sulfur content thahearlya

tenth of the average lllinois sulfualue Costs of the Wyoming coals in lllinogselower than

local coals. The majority of the Indiana coal is still largely surface mined and although so much
closer o lllinois the costs are higher thaNVyomingcoals. Whatan beinterpreed from this

type of coal flominformationto increase Indiana coal exports to lllifdis
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Table 51 1. lllinois: Characteristics of Coal Supplied to Electricity Utilities in 2002
Cost Heat Sulfur
Suppliedi by Tonnage (Cents/ Content (% Ash

State (million tong 10° Btu) (Btu/lb) weight) (% weight)
lllinois 5.036 130.53 10,537 2.265 9.086
Colorado 0.496 170.68 12,203 0.448 7.465
Indiana 0.103 121.15 11,424 2.945 9.189
Wyoming 7.028 99.72 8,769 0.246 4.804
Imported 0.002 94.5 11,148 0.600 10.600
Total 12.664 116.86 9,628 1.078 6.647

Table 5i 2. Average Price of Coal Delivered to End Use SectdrElectric Utility Plants

(Dollars per short Ton) and Percentage of Midwest Generabn Dependent on Coal in 2002

State 2002 2002 %

Population in Coal Prices Total % % Natural %

2000 fillion s) ($/Ton) MW Coal Nuclear Gas Other
lllinois 7 12.1 22.50 44,712 35% 25% 27% 13%
Indiana i 5.8 24.62 25,252 79% 0% 13% 8%
Kentuckyi 4.70 27.25 19,122 74% 0% 11% 15%
Ohioi 11.3 28.95 31,477 72% 7% 8% 13%
Wyomingi 0.5 13.76 6,348 89% 0% 3% 8%

Source: Annual Coal Report 2002, Table Bdp://www.eia.doe.gov/cneablal/page/acr/table34.html
http://www.eia.doe.gov/cneaf/electricity/st_profiles/illinois.pdf

Table 5 2 showsWyoming coal prices, in 2002, to be 44% lower tonthan Irdiana prices (for
supplies tahe Wyomingelectric utilities) reflecting their lower heat content/ton

Kentucky imports coal from Colorado and more still from West Virginia (T&b®. The
Coloradocoal comes with a low average sulfur conte@bloraa is slightly nearer to Kentucky

than Wyoming and th€oloradoheat content is higher. Are these the main reasons for more
purchases being made of Colorado coal than Wyoming coal although the Wyoming sulfur
content is nearly half of that for Colorad@?an Indiana compete with West Virginiar sending

coal to Kentucky?Does Indiana have sufficient medium sulfur teo coal to achieve thisPhe

ash content of Indiana coal is lower than the values for Kentucky and Ohio.

Ohioimports a significanportion of its coal needs from Kentucky (Taldid4). Can the Indiana

coal mines compete with the Kentucky mines for increasing the Indiana share of the Ohio
market? The Kentucky coals sent to Ohio in 2002 had a low sulfur content of 0.929%.
Similarly, significant amounts of West Virginia coals supply the Ohio power sector. The closer
proximity of Indiana coupled with higher sulfur content (1.755% from Indiana compared with
1.359% from West Virginia) could possibly compete with this othérafustate sourceotOhio?


http://www.eia.doe.gov/cneaf/coal/page/acr/table34.html
http://www.eia.doe.gov/cneaf/electricity/st_profiles/illinois.pdf
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Table 51 3. Kentucky: Characteristics of Coal Supplied to Electricity Utilities in 2002

Cost Heat Sulfur
Suppliedi by Tonnage (Cents/ Content (% Ash
State (million tong 10° Btu) (Btu/lb) weight) (% weight)
Kentucky 17.877 112.05 11,303 2.669 13.246
Colorado 3.255 139.06 11,993 0.531 8.343
lllinois 1.004 120.91 12,131 3.25 10.283
Indiana 1.367 112.44 11,172 3.411 10.681
Ohio 0.053 124.04 11,691 3.185 14.016
Pennsylvania 0.700 110.85 13,095 2.481 7.661
Utah 0.011 168.00 12,137 0.680 11900
West Virginia 6.179 126.92 12,153 1.555 11.948
Wyoming 1.691 126.21 8,785 0.287 5.301
Total 30.770 118.83 11,464 2.159 11.759

Table 5'4. Ohio: Characteristics of Coal Supplied to Electricity Utilities in 2002

Cost Heat Sulfur
Suppliedi by Tonnage (Cents/ Content (% Ash
State (milliontong 10° Btu) (Btu/lb) weight) (% weight)

Ohio 11.328 112.26 11,915 3.18 10.367
lllinois 0.306 136.35 11,631 2.436 8.358
Indiana 0.026 135.59 11,385 1.755 7.616
Kentucky 5.913 126.03 11,896 0.929 11.607
Pennsylvania 1.413 111.73 13,092 1.936 7.356
Virginia 0.876 121.02 13,706 0.779 6.219
West Virginia 9.564 124.28 12,250 1.369 11.240
Wyoming 0.065 116.17 8,524 0.305 5.723
Total 29.492 119.44 12,119 1.995 10.598

Both Michigan(Table 55) and WisconsinTable 56) are totally dependent on @wffi state

coal supplies. Michigan mainly imports from Wyoming with secondary significant imports from
Montana, Kentucky and West Virginia. Wisconsin imports nearly all of its coal needs from
Wyoming. To what extat can Indiana&ompete with other statés sending coals to Michigan
and Wisconsifi In 2002, both states imported some lower sulfur Indiana coal.

Indianais much closeto Wisconsin than Wyoming. Can the transport cost saving be significant
enough forWisconsin to switch its coal suppidrom Western coals to Indiacaals? Is there
enough low sulfur Indiana coal desulfurized Indianaoalthat iseconomically viable to supply

a greater proportion of Wi sconsinds need?
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Table 5i 5. Michigan: Characteristics of Coal Supplied to Electricity Utilities in 2002

Cost Heat Sulfur
Suppliedi by Tonnage (Cents/ Content (% Ash
State (million tong 10° Btu) (Btu/lb) weight) (% weight)

Michigan 0.000 0.00 0 0.000 0.00

Colorado 1.098 158.06 12,114 0.566 9.12
Indiana 0.003 132.11 9,680 0.600 16.59
Kentucky 4.277 170.36 12,848 1.056 7.775
Montana 8.812 113.88 9,403 0.361 4.460
Ohio 0.128 173.35 11,680 2.949 11.871
Pennsylvania 0.954 126.88 13,036 1.825 7.464
West Virginia 3.731 159.14 12,481 1.057 10.866
Wyoming 13.156 107.75 8,821 0.259 5.127
Total 32.160 130.17 10,190 0.553 6.196

Table 5'6. Wisconsin: Characteristics of Coal Supplied tdlectricity Utilities in 2002

Cost Heat Sulfur
Supplied by Tonnage (Cents/ Content (% Ash
State (million tong 10° Btu) (Btu/lb) weight) (% weight)

Wisconsin 0.000 0.00 0 0.000 0.00
Colorado 0.653 162.23 12,061 0.584 9.173
lllinois 0.587 136.60 11,946 1.491 6.322
Indiana 0.527 161.74 11,335 1.272 6.942
Kentucky 0.099 237.64 12,762 1.397 9.007
Montana 0475 118.18 9,318 0.322 3.923
Pennsylvania 0.418 130.59 13,117 1.490 6.846
Utah 0.115 173.41 11,355 0.373 8.739
Wyoming 20.000 102.72 8,661 0.298 4.984
Total 22.869 110.19 9,030 0.387 5.232

Research activities fohé Indiana CCTR need to include essment ofhe coal characteristics

of Indiana coal and associateddieaflows across and out of thiate. Compilinga taxonomy of

all factors that affect the use of Indiana coals besides sulfter@o@ash content, and heat content
will be needed Therelative economic impact of each of these factors on the use of Indiana coal
and the economic developmaitthe sate needs to be evaluated
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5.3 Pricing and Transportation of Coal

The 2002Wyoming coab were higheiin price in Indianahan Indiana cogprices(115 cent&l0®

Btu compared with 109 cerit€® Btu, Figure5i 3) but were still purchasegresumably for their
low sulfur content.It is assumed that thaightly higher cost resulted from tramsgation costs.
While the average cost of Ohio coalere the same as those for Indiana, in lllinois the costs
were slightly higher at 118ents/18 Btu and significantly higher in Kentucky at 156 céhé8

Btu. The Indiana low sulfur coal was sold to Wisconsin for a price of 162 cefiB{L0Indiana
hadto pay a higher price for Virginia coal in 2002 (170 centsBt0). More than half of the
Virginia import went for the Indiana coke industry.

Figure 5 3. National Coal Prices, 2002
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The bulk of coal transportation across the country is by{Agibendices 2025). Transportation
costs have been coming down over the years as seen in Bigu(@ppendices 1819). The
costs camelownin the late 199080 an average of about $10 to &bh. As Table 57 shows,
the costs of shipping Western cotdsthe Midwest was $11.13/ton in 1997, while the costs of
shipping Appalachia and Interior coals was much #$8.46/ton and $3.62/torespectively.

In the planning of twanew 1500 MW stations (Washington County, lllinoiand Muhlenberg
County, Kentuky) by the Peabody Energy Cahey estimate that by building new coal stations
as minémouth operationsthe shippingsavings would more than offset the cost of installing
artii pollution equipment [1].

There is a large difference in coal transportatiodgs depending on the distanicwolved (Table

51 7). The most savings per yedtom transportation, by utilizing Indiana coals for all of thetes

coal needs instead of shipping in imports, would amtuwatound $256 millions (Table$ 3, 5

7, {3418 x 10 x [11.133.62]}). The improved flexibility in coal shipment contracts and
shorter contracting periods (Appendix 39) will affect the coal marketing structure of the state and
is another subject area that the CCTR will need to feougeattentionon.
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Figure 51 4. Average Utility Coal Transportation Rate per Ton by Transportation Mode,
1979 1997
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Source: EIA, Coal Transportation Rate Databakép://www.eia.doe.gov/cneaffaiéctrdb/tab35.html
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Table 51 7. Average Utility Contract Coal Transportation Rate per Ton
Between Supply and Demand Regions (1996 Dollars)

| Demand Region
Year Supply Region | Northe ast | Midwest | South | West U.S. Total
| Appalachia | 1181 | 981| 1088 - 10.74
| Interior \ -] 543 848 - 6.90
1979
|Wester \ -] 23.02| 2511 581 18.89
u.s. \ 1181 1405 1254 581 12.68
| Appalachia \ 9.83 | 1108 1291 - 11.66
| Interior \ -] sg7|  7Isl - 5.60
1987
|Wester \ -] 1655 2750 594 15.11
u.s. \ 9.83 | 9.26| 1535 594 11.07
| Appalachia \ 1242 | 559  BE2| - 8.3
| Interior \ -] 389  s14 - a.21
1995
| Western \ -] 1224| 1806 B4 12.63
u.s. \ 1242 | 9.49| 1168  6.14 10.15
| Appalachia \ 10.25 | 545 829 -| 7.92
| Interior | - | 32| 49| - 3.99
1997
| Westem | - | 1113 1581 782 12.24
u.s. | 10.26 9.00| 1112 752 9.88

Sourcehttp://www.eia.doe.gov/cneafial/ctrdb/tab54.html

Coal suppliesdr Indiana power statiorome from several sources (Appendix 44) and the coal

mix for each unit at each station will vary. The methodology for determining théleods that

are selected for each site needs doeunting initially for the ten largest stations in Indiana.
Remaining stations in Indiana could imeluded in a later phaseModels developed to choose

the blends of coal to determining what mix minimizes the cost of meeting the combustion
requirements ra environmental regulations haween the focus of much research over the
years. Such models could be used by the CCTR to pinpoint research areas that would have a
high likelihood of increasing Indiana coal us€onstructingnew power stations inindianathat

have mine mouth coal suppliesould be consideretbr minimizing total transportation costs

This is another topic that the CCTR should consider?


http://www.eia.doe.gov/cneaf/coal/ctrdb/tab54.html
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SECTION 6
COAL USE BY THE IRON AND STEEL INDUSTRY

For almost all of the past decatielianahas pralucedmore iron and stegler yearthan any
other statein the nation. This tonnage comé&sm two types of mills. The first, so called

Ai ntegratedo mill s, convert iron ore first t
Oxygen Furnaces, arfahally to finished product in rolling mills.The second type of mihas
traditionally been called Amini mill so or fAme

and more limited range of products. They convert scrap drgaeced iron or@nto steel using
electric arc furnaces, and then to finished product.

6.1 Coking Coal Introduction

While Indianads integrated mills ha%centutyeen i n
most of the miriimill capacity is much newerThe coalis used mainlyby the integrated mills,

as (1) coking coal to produce coke for the blast furnaces, where carbon monoxide produced by
combusting the cokan an oxygen starved furnace is used to remove oxygentfreroxidized

iron ore; (2) pulverized or gnulated coal for injection into the same furnaces to help provide the

heat necessary for melting the reduced ore; and (3) steaming coal to raise steam for process use

in the plants. The minmills use a limited amount of steaming coal for their steamseed

In 2002, Indiana steel mills commed an estimated 10wiillion tonsof coal, cosisting of 8.093
million tons of coking coal (EIA Annual Coal Report, down from a peak in 1984 of @Qer
million tong, 1.816million tonsfor injection into the blast fmace (estimate based on 2002 steel
production), and®.809 million tonsof steaming coal (estimate based on 2002 steel production).
This compares to the 55.668illion tonsof coal consumed to produce electricity in Indiana in
2002 (EIA Annual Coal Report)

At the presentime, very little of the 10.milliontonso f c o a | consumed by I nd
comes from IndianaWhile no exact figures are available, it is estimated that no Indiana coal is

used for coking (90% of coking coal comes from Wesgiviia and Virginig, none for injection

into the blast furnace, and only a small amount for steaming purposes. This arises for a variety

of reasons, each depending on the type of Uibe. potential for each process to use Indiana coal

will be discussedh the following section.
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6.2 Potential Indiana Coal Use for Coking Coal

A recent report., Al ndi ana Coals and the Steel
Geological Survey (Indiana Geological Survey Special Report 64, Hardarshan S.anlia

Maria Mastalerz, Bloomington, Indiana 200dnovides an excellent discussion of the reasons

why Indiana coals are not now used for coke production, andasksesses the likelihood of

future use of Indiana coals for this purpds¢. In brief, the reaon Indiana coals are not

currently being used in coal blends for coking purposes is because Indiana coals are
predominantly highvolatile bituminous C rank coals. These coals generally do not have the
stability or strength to meet the streng#iiter readon with CQ, now required in the large

volume blast furnaces used in Indiana and elsewhdrewe ver fAsome | ndiana ¢c
coking properties than would be expected from a typical coal ofhighl ume bi t umi no u ¢
(p 9 of report), in particularcoals from the Brazil Formationn 1994, Inland Steel (now Ispat

Inland) carried out a series of pilot oven experiments substituting Brazil formation coals for
lllinois coals which suggested that the proportion of Brazil coals allowed in coke blemds co
certainly be 25% Based on this data, the Indiana Geological Survey Report concluded that

Al ndi ana coal coul dateth m ansounts we © A5%h the goal i ncor
blendo [5]

The report concludes with the statement:that

A Aeas of activeand future mining of the Brazil formation coals (found primarily in
Clay, Owen, and Greene Counties) should be the main focus of any search for Indiana
coal to be ued successfully in coke makiag5]

Based on the report oxondutdesthat tre pateatial use bftindiana coalse a s o
for coking purposes in Indiana between2.0 and 3.6 million tongyear. Applying the same

ratiosto national coke production, (28.éillion tonson 2002) the domestic and export potential

for such Indana coals would range from 6 to almostdiflion tondyear.

Potential use is one thing; expected use is quite anofftex.problem, of course, is economics.

Brazil formation coals are low sulfur coals compared to average Indiana coal cuitent,

méeking them desirabldor many uses, including direct coal injection into the blast furnace
discussed below, and other combustion purposes. The Indiana Geological Survey estimates that
recoverable reserves of Bratdrmation coals ar&00 million tons or about 1.1% of Indiana
recoverable reserved-urther, steel mills will want to be assured that the mines are capable of
producing the volume of coal required, which will likely require new mines to be developed or
substantial expansion of thexisting mine now exploiting the formation in Indiana, with
attendant front end investment costs. Finally, there is the issue of transporting the coal from
central Indiana to the mills in Northwest Indiana.

In summary, the potential for use of Indiana coals in cdeads used here in Indiana and
elsewhere has been established. What is now needed is a venture analysis exploring the
economic impediments to such use, and the steps the state can take in partnership vitha n a 6 s
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coal, iron and steel, and transportatiodustries to reduce these barriers to expanding this use of
the Indiana coal resource.

6.3 Potential Indiana Coal Use for Blast Furnace Injection

The use of coal to provide the heat necessary to carry out the reactions in the blast furnace, rather
than coke or natural gas, has been a much discussed option by the steel industry. Since coal is
subsantially cheaper pet(® Btu (the cost of $1.000° Btu but has been stable for the past 15
years) than either natural gas (ranging from@3$5 or coke (h the range of $2 to $3},is an
economically attractive option now practiced by integrated mills.

Industry groupsareon both sides of the competitiorThe Gas Research Institute on one side,

coal stakeholders on the othér have published the ressiltof experiments showing the
advantages of their fuel, and t he ddrssMapw ant ag
isstes include(1) the pounds of coke that could be replaced by a given amount of the competing
fuels (2) the impact of impuries in the replacement fise particularly the impdcoof sulfur on

the iron productand (3) he maximum amount of coke that can be replaced by each competing

fuel.

The answer to the question of the replacement ratio differs, depending on the studysthe m
relevant study for Indiana was the Blast Furnace Granular Coal Injection Demonstration Project
(DOE Clean Coal Technology Project report, November 1999) carried out between 1995 and
1999 at Bet hl ehem Steel 6s Bur nsThedrasulbad that Pl an't
demonstration was to show that the substitution of coal for coke was almost on a pound for
pound basis, up to the maximum replacement amount. The replacement ratios for coal and
natural gas were shown to be 210 pounds per net thermabfar every 140 pounds peetnn

therm of natural ga$, p15.

The answer to the second question regarding the impact of impurities on iron quality was equally
positive. The study concluded that

AThe higher bl ast f ur nacnecod injécfiondid nbtcause a n d
any operating problems (since) the chemistry of thedce slag can be adjusted
accommodate the increased sulfur inpyb, pl]

Further, the substitution does not result in any increase in the pollution caused bgsthe bl
furnace (blast furnace gas is cleaned prior to use in integrated mills) while reducing the pollution
associated with coke production.

Regarding the maximum replacement possible, the report concluded that coal can replace up to
40% of the coke withat adverse effects, and further:

AThe technol ogy can &S blaspfuriaces ahd shauld eesaslee nt i a
to use any rank coal available in the Uni't
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This latter conclusion was reached after extensive demonstration runs witlsveogls which
tested the use of high volatile bituminous coal versus low volatile bituminous coals, high ash
coals with low ash coals, and Western coals with Eastern cd#ls. augers well for Indiana
coals, which are among the cheapest in the natiotinéar rank.

Utilizing the 2002 Indiana and national coal consumption tonnage for coking reported above
(8.093 million tons in Indiana23.66 million tons nationally) and the 40% maximum
substitution figure, it appears that 3.297 million tons of Indieoa could be substituted for
coking coal in Indiana blast furnaces, and 9.462 million tons nationally, assuming a pound for
pound substitution ratio.

Which Indiana coals are mostly likely to be candidates for use in blast furnace inje¢tioile?

the DOE report indicates that almost any coal of any rank could be used in the process, the
Indiana Geological Survey report indicates that some coalsotably those with high
combustibility, high replacement ratios, and low sulfur contembuld be preferredThe report

then screened the Indiana coal quality data base developed by the Survey and concluded that 7
Indiana seams qualified for this use, as well as the:

Abcation of active <coal mi nes of particul
search ér coal suitable for PCJPulverized Coal Injectionp [5, p19

The report ends with the conclusion that:

AThe higher moisture content of I ndiana co
an increase in operating costg-or PCI, they could be bhded with higher cost, low

moi sture coals that are currently bping us
p24]

The total potential in Indiana for both uses would be first, the 3.297 million tons obtained by
substituting Indiana coal for cokeaus the blast furnace, leaving a total of 4.796 million tons of
coke used in Indiana blast furnaces after the substitution. The 25% to 45% limit on the amount of
Indiana coal that could be substituted would then be applied to the remainder, yieldigg afran
1.199 to 2.158 million tons for the estimated amount of Indiana coal that could be blended into
the coke mix. This range can be added to the 3.297 million tons gained by blast furnace injection
to yield a total for the two opportunities of betweefid6 and 5.455 million tons.

6.4 Potential Indiana Coal Use for Steaming Coal

What portion of the estimated®889 mi | | i on tons of steaming coa
industry could come from Indiana seam3Pe problems encountered in the uséigh sulfur

Indiana coals in other steaming applications such as electric power generation are also present in
this application.For the same reasons that ove?#&0f Indiana power is generated by imported

low sulfur coals, it is likely that this simplapplication that takes advantage only of tieat
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content of coals and ibBurned in unscrubbed facilities does not offer much opportunity for
increased use of cheaper Indiana coals.

6.5 Coal Used by Iron and SteeBummary

This analysis concludes that di anadés i ron and steel industry
Indiana coal use between 4.5 and @million tons/year, if the coals of the Brazil formation and

other Indiana low sulfur coals or desulfurized high sulfur Indiana coal can provide thaieviau

the industry. Sincethe Brazil formation recoverable coal reserves are only aroundriion

tons this source would be exhaustedhin 20 years, triggering a search for more Indiana coals

with similar characteristics.
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SECTION 7
COAL BY WIRE

Indiana electric utilities currently export around 850 MW of thadd electricity production
under firm contact to outofi state utilities. It is estimated that this capacity generates additional
coal demand of 2.5 t8 million tons/year in the statelndiana also imports large amounts of
electricity, and depending upon load patterns and availability of generation units within the
Midwest, may be a net importer or exportéretectricity at any given time Of this 850MW,

about 400MW s fired with Indiana coal, and the remainder uses low sulfur western édiabf

this 850MW of export capacity is under contracts which are due to expire within the next few
years and may or may not be renewed.

In addition to the 85MW of coal fired electricity exprts by Indiana utilities an additional
coal fired plant geographically in Indiana, Clifty Credaicated on the Indiana side of the Ohio
River between Louisville and Cincinnati, and owned primarily by a consortium of Ohio utilities
currently exports abaul,200 MW of electricity but idueledalmost entirely with western low
sulfur coal. Clifty Creek was origindy constructed to provide electricity to a DOE uranium
enrichment facility in Ohio which was closed by DOE in 2000. §leeratiorplant currerly
supplies electricity to its ownefsr sale to their customers

Table 7i 1. Estimates of Indiana Economic Impact of
500 Megawatt Coal Fired Electric Generation

Iltem Units Value

Capacity MW 50(0
Capacity Factor % 75
Generation MWh 3,285000
Heat Rate Btu/kWh 9,500
Heat Content 10° Btu 31,207,500
Coal Price $/10° Btu 1.25
Coal Cost $ million 39.01
Total Economic Impact $ million 87.52
Coal Mining Jobs Persons 232.54
All Other Jobs Persons 942.0¢
Total Jobs Persons 1,174.67
Total Houghold Income $ million 49.47

If a coalfired generation station were located within Indiana with the intent of sales to the
electricity wholesale market or firm sales toiaft state entities, the economic impact on the
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coal industry and coal relateddustries would be expected to be simitar the estimates
presented in dble7i 1, Note that these annual economic impact estimates include only the coal
use at the hypothetical generation plant. The total economic value of the generation plant would
be lager due to the construction, operation, maintenance, employment, electricity produced, and
so forth,and excludsenvironmental and infrastructure costs (iceal and electricity transport).

In EIA's Annual Energy Outlook 2004 with Projections to 228\ reports that lesthan1000

MW of new coaifired capacity has been added in recent years in the entire United States, but
given current and projected natural gas prices EIA expectsficedl generation to be more
competitive and projects that 105,000V of coal fired generating capacity will be broughtion

line in the U.S. during the 2012025 time period. In its 2003 forecast the State Ultility
Forecasting GroufSUFG) projects that Indiana will neeath additional 2480W of base load
resources dung the next ten years artl870MW by 2021much of which would likely be coal

fired. Given EIA's national projections and SUFG's Indiana projections, it is apparent that
substantial base load electricity resources will be required over ten to twenty BH#F&'s
projections of 280 MW and5870MW represenfi2% and29% of Indiana's current generation
capacity(20,506 MW)and it is not unreasonable to assume that the surrounding states will need
base load resource additions of similar magnitude.

In evaluatiig the potential for Indiana caddyi wire electricity imports, several factors come into
play. These include electricity resource alternatives available in the potential electricity
importing area, electricity transmission availability, cost, and lossestfie potential generation

site to the import area, the environmental impacts and constraints at both the electricity
producing site and the consumption site.

If the potential importing area does not have access to locally produced coal, then anyalbcal co
fired electric generation facility faces higher fuel costs due to the coal transportation costs of
imported coal. In this case the make or buy tradeoff involves the cost of delivered coal, the cost
of an alternative fuel e.g. natural gas, and the etagtrtransmission availability and costs to
purchase power from a generation site with low coal cesisa minemouth generation plant.

Electricity transmission availability and costs are subject to considerable uncertainty due to
institutional changs being made in the bulk transmission market. Ovepdlsefew years major
changes haveeen made and continue to be made as various regional transmission organizations,
independent system operators, power exchange markets have been proposed, faohest,dis

and experienced membership changes in response to the Federal Energy Regulator Commission
(FERC) proposaland rulemakings regarding regional electricity trade. Indiana electric utilities
(except for IndianaMichigan Poweran AEP company) belong the Midwestern Independent
System Operator (MISO) regional transmission organization. AEP adfli belong to the
PennsylvaniaMaryland New Jersey (PJM) regional transmission organization, while other
utilities in surrounding states belong to either ®RISPJM, or have not yet joined a regional
transmission organization (parts of Kentucky). Currently MISO is working with mentbers
develop transmission service tariffs within MISO and working with members and PJM to
develop tariffs between MISO and PJM.
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Table 7i 2. Hypothetical Example of Delivered Coal Cosand Electricity Fuel Cost

CoalCost, $10°Btu, 1.00; Heat Content, Btu/lb, 10625
Transport Cost, $/TdaMile, 0.010; Heat Rate Btu/kWh, 9500
Miles $/Ton $/10° Btu $/MWh
0 21.25 1.00 9.50
100 22.25 1.05 9.95
200 23.25 1.09 10.39
300 24.25 1.14 10.84
400 25.25 1.19 11.29
500 26.25 1.24 11.74
600 27.25 1.28 12.18
700 28.25 1.33 12.63
800 29.25 1.38 13.08
900 30.25 1.42 13.52
1000 31.25 1.47 13.97

Table 72 presents a hypothetical exampledelivered coal costs at var®ualistances from the
mine mouth and the associated fuel cost of producing electriditye columns of the table
correspond to the number of miles theldsaransported, the delivered price of coal per short
ton, the delivered cost of coal pE8° Btu, and the delivered fuel cost of generating electricity. In
this example, a consumer of electricity located 100 miles from the mine mouth would prefer to
import electricityif transmission for the electricity were available for less than $0.45/Méh
difference between $9.95/MWh and $9.50/MWihhis simple analysis assumes that all other
costs are identical at the two points, gggneration plant and engimmental, but it illustrates the

type of calculations that would enter a make or buy decision.
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SECTION 8
COAL USE BY NEW POWER PLANTS

The SUFG September 2003 projections for electricity growth in Indiana foteéhasneed for an
additional 2480 MW of new generatiorresourcedy 2008. Further, the forecast predicts that by

the end of the forecast horizon in 2021, a total of almost 10/MGf capacity, or roughly 50%

of present installed ratbased capacity in Indiana, will be needed to satisfy InGiema gr owi ng
electricity needs. How likely is it that all these plants would burn coal, as opposed to natural

gas, and how likely is the coal to be Indiana codl?fis demand forecast and the technology
options and egrgy sources that are available willwbe considered.

8.1 Need for New Power Plants

First, it is very unlikely that coal plants would be built to satisfy anything but the base load
portioni the 247 constant hourly demanidof that total. The reason is that the other demands

I peaking ad cycling demands have much lower capacity utilization ratéd/hat thismeans is

that coal plants canna@bmpete with gas fired plants in these uses, since the higher annualized
capital costs of the coal plants compared to gas fired plants asel spteover so few kWhhat

the increased capital cdstvh more than offsets the lower fuel d&8vh of coal plants.

Nonetheless, SUFG forecasts the need for antiaddi 1,000 MW of base load resourseby
2008, and a total odlmost5,870MW of base load mource by 2021, the end of the SUFG
forecast horizon. If all theseesourcesvere plants usingndiana coals, Indianeoal use would
increase 3nillion tondyearby 2008, andlmost 18million tongyearby 2021.

The main ompetitorto coalfor this baséload demand is the gas fired combined cycle plant.
This plant, with heat rates of2D0 to 7500 Bu/kWh and capital costs in the range of $600,

was a formidable competitor for coal plants when gas costs were in the/2$8.88u range.
However, with @s costs now appearing to be leveling out well above this level (average 60
month strip prices for gas are now in the $5.00 range) there is plenty of opportunity for coal
fired plants to again dominate new construction in this market segment, whictobaléjtihas

been served bgoalfired andnuclear plants here in the Migst.

I n a five year span, traditional wisdom i n t
anot her coal pl ant built in my | if etdoahed t o
Company and a group of utility dfates that they will build 00 MW of new coalfired

capacity at two sites in lllinois and KentuckyThe plants will be equipped with the latest
pollution control egipment, and willuse lllinois Basin coal radr than low sulfur Wyoming
coal,meeing all theair and water qualitytandards required by curremigulations.

To gain further insight into this competition between gas and coal in the electricity generation
market, SUFG, ints 2003 forecastomparedhe relative economics of three types of electricity
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generators; pulverized codired (PC) plantscombinedcycle natural gadired CC plants, and
simple cycle natural gas fired combusttarbines CT). Quoting from the repof6].

As one might expecthree factors are very important when comparing the relative
economics of different types of generators. The first is the capital cost associated with
purchasing and installing the necessary equipment. The second is the cost to operate the
equipment afteit is built. For instance, PC units have high construction costs and low
operating costs while CTs tend to have lower construction costs and high operating costs.
CC units generally have both construction and operating costs that lie between those for
PCs and CTs. The third important factor is the expected number of hours of op@ration

For this study, the capital costs for each type of unit were determinedaisiugy that
SUFG commissioned in 1998, adjusted for inflation. Using assumed values ticioideb
equity ratio, tax rate, interest rate on debt, and capital recovery factor, a needed return
on investment in /BW per year was determined for each type of generator. This was
combined with the fixed operating and maintenance (O&M) costs to detefmeirietal

fixed costs.

The operating cost for each generator type was determined using the heat rate, a
measure of efficiency, contained in the SEPRIL study, along with the variabli@on
O&M costs. The operating costs were determined for a wide rainggesamed fuel costs.

The number of hours of operation was handled by varying the capacity tdcéarch

unit type from 1 to 10®. (Capacity factor is the ratio of the amount of electricity
produced by a generator in a given period and the amount thaldwe produced if the

unit were operating at full load during the entire perjod\ unit that does rtaoperate at

all would have a % capacity factor while one that operates at full load for the entire
periodwould have a 10 capacity factor.

Table8i 1. Range Over Which Each Unit is Most Economic
(Coal at$1/10° Btu, Natural Gas at $410° Btu)

Capacity
Generator Factor
Type Range
PulverizedCoal (PC) 69 100%
CombinedCycle (CC) 38i 68%
CombustionTurbine (CT) 1i 37%

The expected co®f natural gas has a major impact on the relative economics of the
differenttypes of generators. TabléBshows the range of capacity factors over which a
given unit is most economic, assuming the price of coal/0%Btu and theprice of
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natural gas is $410° Btu. Table 82 shows the ranges for coal at/$0° Btu and natural
gas at $510° Btu.

Table 8 2. Range Over Which EachUnit is Most Economic
(Coal at$1/10° Btu, Natural Gas at $310° Btu)

Capacity
Generator Factor
Type Range
Pulverized Coal (PC) 491 100%
CombinedCycle (CC) 30i 48%
CombustionTurbine (CT) 1i 29%

As expected, the PC generator becomes competitive at lower capacity factors as the price
of natural gas increases. If the price of natural gas falls below/$& Btu, the coal

fired unit cannot compete even at 1@0capacityfactor. Figure 81 shows the range

over which each generator type is most economic for a wide range of natural gas prices,
assuming the@rice of coal is $210° Btu. Similarly, if the price of coal riseshe PC can

only compete at higher capacity factorfable 8 3 shows the ranges of capacity factors

for coal at $110° Btuand natural gas at $30° Btu.

Table 8 3. Range Over Which EachUnit is Most Economic
(Coal at $2/10° Btu, Natural Gas at $310° Btu)

Capacity
Generator Factor
Type Range
PulverizedCoal (PC) 801 100%
CombinedCycle (CC) 30i 79%
CombustionTurbine (CT) 1i 29%
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Figure 8i 1. Most Economic Unit Capacity Factor Range
(Coal Price is 1 $10° Btu)
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Source: http://engi@ering.purdue.edu/IE/Research/PEMRG/SUFG/PUBS/2003Forecast.pdf

The conclusion of this analysis is clear; unless natural gas prices returndoetiseseen in the
late 1998 i in the range of $3 to $3.5/A8tu i new pulverized coal plants will be the sto
economic method of meeting base load demands with load factors in excess, ¢(Figbve 3
1).

Despite their meeting current environmental standards, many environmentalists are opposed to

the construction of such plants, arguing that using the pubdereoal/scrubber technology

simply digs a deeper hole for the utilities to climb out of when the more stringent environmental
legislation they expect to be passed in the near future becomesTlasy, and many others,

argue that the real answer to pregggwoats pl ace i n the nationds ene
called clean coal technologiéstechnologies such as the caategratedgasificaton combined

cycle technology (CC)plant now in operation in westn Indiana and Florida, or the stack gas
recycling plant design which produces a small, highly concentrated amouackfgsts which

can be disposedf at a reasonable cost
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8.2 Opportunities for New Coal Gasification Technologies

Coal gasification has been around for almost 200 ye&rs.najor driver of the coal gasification
industry has historically been, and currently is, national security. The reduction of dependence
on foreign energy sources is a necessary ingredient to producing an independent, safer country.
The basic process afoal gasification involves heating coal to high temperatures at high
pressures in the presence of steafhis causes the carbonaceous material in the coal to gasify
and creates a hot mix of hydrogen and carbon monoxide gas and other impurities. dhere ar
several companies that maintain gasifier technologies. The exact temperatures and pressures as
well as the methodologies used for accomplishing gasification vamy iompany to company.

Figure 8 2 shows a diagram of tHadianaWabash River Coal Gasation Power Plant which

uses the EGAS gasifier technology.

Figure 8i 2. The Indiana Wabash River Coal Gasification Power Plant
with ET GAS Gasifier Technology
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Existing Gasifier Technologies

Although there are several diffetegasifier technologies that coute discussed in this section,

the comparison is limited to four different technologlest @are likelyto be the most comgave.

These processes include the Shell, Texat@éds, and Kellogg Transport gasifier technologies.

A summary of these processee outlined here anzhn be found at
http://www.netl.doe.gov/coalpower/gasification/

as outlined below.

Shell Entrained Flow Gasifier

The Shell gasifier is a difeed, pressurized, entrained slagging gasifieged coal is pulverized

and dried with the same type of equipment used for conventional pulverized coal bokhers.

coal is then pressurized in lock hoppers &edlinto the gasifier with a transport gas by dénse
phase conveying.The transport gas is usually nitrogen; however, product gas can be used for
synthesis gas chemical applications, where nitrogen in the product gas is undesirable. The
oxidant is preheat to minimize oxygen consumption and mixed with steam as moderator prior
to feeding to the burnerThe coal reacts with oxygen at temperatures in excess of 2500°F to
produce principally hydrogen and carbon monoxide with little carbon dioxide. Operation a
elevated temperatures eliminates the production of hydrocarbon gases and liquids in the product
gas.

The highitemperature gasification process converts the ash into molten slag, which runs down
the refractorylined water wall of the gasifier into a watéath, where it solidifies and is
removed through a lock hopper as a slurry in watéome of the molten slag collects on the
cooled walls of the gasifier to form a solidified protective coatifilge crude raw gas leaving the
gasifier at 25003000°F cotains a small quantity of unburned carbon and about half of the
molten ash. To make the ash nosticky, the hot gas leaving the reactor is partially cooled by
guenching with cooled recycle product ga&urther cooling takes place in the waste heat
recovey (syngas cooler) unit, which consists of radiant, superheating, convection, and
economizing sections, where higitessure superheated steam is generated before particle
removal.

Texaco Entrained Flow

Texaco coal gasification technology uses a sirgfggie, downwarifiring, entrainedflow coal

gasifier in which a coal/water slurry (600% coal) and 95% pure oxygen are fed to a hot
gasifier. At a temperature of about 2700°F, the coal reacts with oxygen to produce raw fuel gas
(syngas) and molten ash.

The hot gas flows downward into a radiant syngas cooler where high pressure steam is produced.
The syngas passes over the surface of a pool of water at the bottom of the radiant syngas cooler
and exits the vessel. The slag drops into the water pool andi fiofe the radiant syngas cooler



Expanding the Utilization of Indiana Coals 51
Center for Coal Technology Research, Purdue University, August 18(R60iked Augu&7, 2008)

sump to a lock hopper. The black water flowing out with the slag is separated and recycled after
processing in a dewatering system.

Ei GAS Entrained Flow

This Ei GAS processnow running insouthwesern Indiana(formerly Destec) is a slurry feed,
pressurized, upflow, entrained slagging gasifier whoségtage operation makes it unique. Wet
crushers produce slurries with the raw feed c@aly coal slurry concentrations range from 50 to

70 weight%, depending on the intet moisture and quality of the feed coal. About 80% of the
total slurry feed is fed to the first (or bottom) stage of the gasifier. All the oxygen is used to
gasify this portion of the slurryThis stage is best described as a horizontal cylinder with tw
horizontally opposed burners. The highly exothermic gasification/oxidation reactions take place
rapidly at temperatures of 2400 to 2600°Fhe coal ash is converted to molten slag, which
flows down through a tap hole. The molten slag is quenched i @wateremoved in a novel
continuouspressure letdown/dewatering system.

The hot raw gas from the first stage enters the second (top) stage, which is a vertical cylinder
perpendicular to the first stag&he remaining 25% of the coal slurry is injectatbithe hot raw

gas. The endothermic gasification/devolatilization reactions in this stage reduce the final gas
temperature to about 1900°F and add some hydrocarbons to the product gas.

Char is produced in the second stage. However, the yield of thigsatedatively small because
only about 25% of the coal is fed to the second st&jear yield is dependent on the reactivity
of the feed coal and decreases with increasing reactivitg char is recycled to the hotter first
stage, where it is readibyasified. The gasifier is refractoiyined and not cooled. The hotter first
stage section of the gasifier is lined with a speciali skggstant refractory.The 1900°F hot gas
leaving the gasifier is cooled in a fitebe product gas cooler to 1100°Fngeating saturated
steam which is sent to the steam turbine.

Kellogg Transport Reactor Gasifier

The Kellogg Transport Gasifier is a circulafitgd reactor concept that uses finely pulverized
coal and limestone. The gasifier is currently in developmehich may lead to a commercial
design. It is expected that the small particle size of the coal and limestone will result in a high
level of sulfur capture. Additionally, the small particle size will increase the throughput
compared to a KRW gasifigiKelloggi Rust Westinghouse)thereby potentially reducing the
required number of gasifier trains (or the gasifier size) and the cost.

The Transport Gasifier is conceptually envisioned as consisting of a mixing zone, a riser,
cyclones, a standpipe, and a hiorechanical valve. Oxidant and steam are introduced at the
bottom of the gasifier in the mixing zone. Coal and limestone are introduced in the upper section
of the mixing zone. The top section of the gasifier discharges into the disengager or primary
cyclone. The cyclone is connected to the standpipe, which discharges the solids at the bottom
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through a nohmechanical valve into the transport gasifier mixing zone at the bottom of the riser.
The gasifier system operates by circulating the entrained sghidfirough the gasifier riser,
through the cyclone, and down through the standpiplee solids reenter the gasifier mixing
zone through the némechanical valve.

The steam and oxidant jets provide the motive force to maintain the bed in circulation and
oxidize the char as it enters the gasifier mixing zohke hot gases react with coal/char in the
mixing zone and riser to produce gasification produ@ise gas and entrained solids leaving the
primary cyclone pass through the secondary cyclone to geofinal déentrainment of the
solids from the gas.The solids separated in the secondary cyclone fall through the dipleg into
the standpipe. A solids purge stream is withdrawn from the standpipe for solids inventory
maintenance. The gas leaving the selaoy cyclone passes through a gas cooler, which reduces
the gas temperature from about 1900°F to 1100°F.

Gasifier Performance

Theoretical performance evaluations of the different gasifiers discussed above are given by the
National Energy Technology Labatory (NETL) of the DOE. A summary of the information
given in these reports is given in TalBlel. The objective for each of these evaluations was to
establish base cases for commercially available (or nearly available) IGCC power plant systems
havinga naninal size of 400 MW

Table 8i 4. Theoretical Performance Comparison of IGCC Technologies

Shell Texaco Ei Gas Kellogg
Process (Hot Gas | (Quench | (Hot Gas | Transport
Clean Up)| Cooling) | Clean Up)|(Air Blown)
Gas Turbine Power (MW) 272.4 272.7 272.6 272.6
Steam Turbine Power (MW) 187.5 152.3 171.1 162.6
Misc/Aux Power (MW) 47.7 42.0 43.3 120.0
Total Plant Power (MW) 412.2 382.9 400.4 415.4
Efficiency, HHV (%) 48.0 39.7 47.6 49.8
Total Capital Requirement, ($1000)| 564,963| 500,599| 538,933 484,062
/KW 1,370 1,307 1,346 1,165
Net Operating Costs ($1000) 42,562 48,411 41,888 45,388
Cost of Electricity (cents/kwWh) 4.07 4.25 4.04 3.81

It is clear from Tabldi 4 that the most viableontenders for the FutureGgasification plant are

the B GAS and Kellogg Transport processes. While the Kellogg Trangasifier exhibits the
lowest cost of electricitylue to the much smaller capital requirements, it is still an unproven
technology. The H Gas process, howevenas had commercially viable successes the most
notable of which is the Wabash Rivé6CC in Terre Hautelndiana
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A comparison of FutureGen objectives to the Walidstker plant performance is presented in
Table8i 5. The mossignificant change that would need to be made to the plant in order to be a
stage 1 testing plant for the FutureGen project would be the integration of carbon dioxide capture
facility downstream of the gas clean up facility. Current carbon dioxide cajgcieology
involves the use of costly sorbents, such as dlkkatbonate, to absorb the carbon dioxide from

the gas stream.

Flue Gas Recycling Technology

Another coal power plant technology uses a particularly clever way of capturing carbon dioxide.
The process has come to be known g0, recycle combustion and has its beginnings in the
aluminum melting industry. The basic idea of this process is to cut down grEl§)and other
emissions by burning coal with the stoichiometric amount of relgtigare oxygen. This
creates an exhaust stream with a high carbon dioxide concentration which can then be easily
captured. Most of the concentrated carbon dioxide flue gas is recycled to the combustion
chamber to reduce the high temperatures caused ibg ogygen instead of air. Flue gas
recycling technology is currently being considered as an alternative to amine scrubbing
technology for the capture of carbon dioxide from coal burning power plants.

8.3 New Technologiegonclusion

Although there areseveral different methods of coal gasification emanating from several
different companies, there are only a couple that have the qualifications to be considered for
implementation into the proposed FutureGen IGCC plant. While the Kellogg Transport Reactor
has the benefit of higher efficiency and lower cost, it is still an untried technology at the scale
proposed for Futureéh. On the other hand thé& GAS gasification process has been tried and
proven in commercial use, bialls short of the ambitiousogls set forth by the FutureGen
proposal, particularly in the area of carbon separation and capagr improvements to the

Ei GAS system would need to be made in order to meet the goals set forth in FutureGen. Still,
the Wabash River IGCC, which usesetld GAS gasification technology, operates at
specifications very close to those required by FutureGen and much can be learned from this plant
and applied to the FutureGen plamt.nt er est i ngl vy, I ndi anabdés | GCC
coal, but a resige from petroleum refining. The possibility of Indiana coals being the fuel
choice for IGCCs is an interesting on&he cost estimates of clean coal technology, over the
next few years, are therefore a key element for future coal planning and genexatmsion
planning in Indiana.
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Table 8i 5. Comparison of FuureGen Functional Objectives to Wabash RivedGCC Plant

FutureGen Functional Objectives

Wabash River Coal Gasification Project Achievments

One million tons/yr. carbon sequestration

Produce electricty and hydrogen consistent
with market needs.

275 MW net electrical output

90% carbon dioxide sequestration with
potential for 100%

Capability for co-sequestration of other
contaminants

Locate plant close to feedstock, product
market, and carbon sequestration formations

99% sulfur removal

0.05 Ib/million Btu NOx emissions

0.005 Ib/million Btu particulate matter
emissions

90% mercury removal

Full flow testing of advanced technologies.

High efficiency

No carbon sequestration

Plant produced syngas (34.4% H2, 45.3% CO, 15.8%
CO2) which was burned in a turbine to produce
electricity

Syngas was burned in a GE MS 7001FA turbine (192
MW) used as a topping cycle to a 1953 vintage
Westinghouse steam turbine (104 MW) for a net output
of 262 MW

No carbon dioxide sequestration

No co-sequestration

Coal supply from the No. 6 seam at Peabody's
Hawthorn Mine in Indiana. 5.9% max sulfur content,
13,500 Btu/lb HHV (moisture and ash free)

97% sulfur removal (0.1 Ib/million Btu SO2 emissions)
0.15 Ib/million Btu NOx emissions

no detectable particulate emissions

No data available

Oxygen blown, entrained flow, gasifier with continuous
slag removal and dry particulate removal system
integrated with a combined cycle power generation
system.

About 40% overall thermal efficiency
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SECTION 9
COAL, GENERATION AND EMISSIONS

As Indiana consider its coal research agenda number of important options ne¢a be
consideed The single most impasht customer for Indiana coal the electricity sector.
Among the generating stations in Indiana the kflikhe power comes frorten large stations

(total capacity is 15,30MW). A study of these statior@d of theircoal inputs and emissions,
couldprovidea great deal dielpfulinformationhighly relevant to future coal plans fibre state

The uncertainty that surrounds future emissions standards is a key factor in economic planning
for new generation technologiesThis section considers an initial collection of data for these
major Indiana stations as it relates to sulfur emissions.

91 I ndianab6s Ten Largest Generation Sta

An initial study of the ten largesioalfired power stations in Indianavhich castitute about

three quarters of Indma 6 s t ot al g e(Appendicesild, 43, 27 a2@)altt bet ope

early study for the CCTR. darning from their experience in coal mixing and technology
improvements, together with the special expertise framWhbash River Station (IGCC), might
provide valuable insights for planning new statiol®tailing and fully documenting the types

of coals delivered to eaah f | ndi anads statom, thé caal mie & eachps@atiomr r
combustion and emissionspecifications from each station, and the Idegn technology
expansion plans for each station, will provide state planners and relevant stakeholders in the
Indiana energy business a helpful picture for future coal planning states

The ten largdsdndiana stations, listed in Tal®&1, supply over 15,300 MW which is about 74%
of total power generated by utilities in the state (T&BE). Each station has its own coal mix
and technology hybrid that can be studied and incorporated into a reseambmy.

As Table 93 indicates, wo significant groupings in coal supplies of these 10 largest stations
exist. These two groups are:

(1) Stations that have 100% of coal supplies from Indiana.
(2) Stations that are largely dependent on Wyoming coals for sapglié almost 0%
Indiana coal.In 2002, four of the ten used a significant amount of Wyoming coal.

According to 2000 EIA data the stations that are in group (1) are Petersburg, Merom, EW Stout
and Wabash River (Appendicesi3). In group (2) there are Bkport, RM Schahfer, and Clifty
Creek. The emissions and techmplaat these stations will varyThe low sulfur coals from
Wyoming reduce investment costs but significantly increase transportation costs. In 2002
Rockpot Station (Spencer Countygceival the highest amount of Wyoming coal (Appendices

14, 29 33).
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2002 Wyoming coal to Indiana powedasgons:

(1) Rockport Station, Spencer County, 7ribBlion tons

(2) Schahfer Station, Jasper County, 3xdiBion tons

(3) Clifty Creek Station, Jeffeon County, 3.04nillion tons
(4) Tanners Creek Station, Dearborn County, @rlllon tons

Table9il. Indi anads Ten Largest

Net
Plant Operating Company Summer
Capability (MW)

1. Gibson PSI Energy Inc 3,131
2. Rockport Indiana Michigan Power Co 2,600
3. RM Schahfer Northern Indiana Pub Serv Co 1,780
4. Petersburg Indianapolis Power & Light Co 1,672
5. Clifty Creek IndianaKentucky Electric Corp 1,209
6. Cayuga P3 Energy Inc 1,096
7. Merom Hoosier Energy R E C Inc 1,000
8. Tanner<Lreek Indiana Michigan Power Co 980
9. ElmerW Stout Indianapolis Power & Light Co 924
10. WabaslRiver PSI Energy Inc 918

Note: ElmerW Stout has been renamédarding Streed

Source: http://www.eia.doe.gov/cneaf/electricity/st_profiles/indiana/in.html#t2

Source:

Table 9 2. Indiana State Summary 1999

Net summer capacity (MW) 25,252
Electric Utilities 20,802
IPPs & CHP 4,450

Net Generation (MWh) 125,608,139
Electric Utilities 112,029,989
IPPs & CHP 13,578,150

Emissions (Thousand Short Tons)

Sulfur Dioxide 786
Nitrogen Dioxide 354
Carbon Dioxide 129,912

EIA DOE, httpwww.eia.doe.gov/cneaf/electricity/st_profiles/indiana/in.html#t1
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Table93. Quantities of Coal Del i vered to |
Coal Generation Stations (Short Tons in 2000)

Station & EIA Capacity Locations of mines supplying coal to Indian:
Stat-Co Codes* (MW) Indiana lllinois Kentucky Ohio Pennsylvania Virginia W.Virginia Wyoming Total

1. Gibson 3,131 6,635,300 1,599,800 0 0 0 0 0 0 8,235,100
6113~15470

2. Rockport 2,600 0 0 792,400 0 0 0 436,200 7,746,900 8,975,500
6166~9324

3. RM Schahfer 1,780 0 1,151,100 0 0 0 12,200 501,900 3,126,900 4,792,100
6085~13756

4. Petersburg 1,672 4,796,000 0 0 0 0 0 0 0 4,796,000
0994~9273

5. Clifty Creek 1,209 0 0 28,000 156,300 0 683,100 29,000 3,040,800 3,937,200
0938~9296

6. Cayuga 1,096 2,316,200 356,300 0 0 0 0 0 0 2,672,500
1001~15470

7. Merom 1,000 2,963,079 0 0 0 0 0 0 0 2,963,079
6213~9267

8. Tanners Creek 980 212,300 47,800 284,200 35,200 80,700 0 1,416,000 100,700 2,176,900
0988~9324

9. EW Stout 924 1,449,000 0 0 0 0 0 0 0 1,449,000
0990~9273

10. Wabash River 918 1,902,600 0 0 0 0 0 0 0 1,902,600
1010~15470

Totals 15,310 20,274,479 3,155,000 1,104,600 191,500 80,700 695,300 2,383,100 14,015,300 41,899,979
51.5% 8.0% 2.8% 0.5% 0.2% 1.8% 6.1% 35.6%
Source: Form FERC 423, Year 2000
Note: *Company codes are: PSI 15470, IN MI Power Co 9324, NIPSCO 13756, IPL 9273, INKY Electric Corp 9269, Hoosier Energy 9267
Tanners Creek is allocated 167,700, from Indiana mines, but this quantity is not shown any state source in FERC 423

An understanding of how the coylpesgoing to each station were decidadd why Indiana
should be so dependent upon one type of fuel for generation is necessary. HHsnd86
nuclear powerand 27% natural gawhile still investing over $17 million in 2003 for coal
research [2]. This vaation in rationale across the Midwest deserves more attention and
especially as there is a regional consensus that this is the best regian FotureGen project.
It was understood, from earlirecastsdby SUFGthatIndiana wouldneed to plarfor an extra
5,870 MW of new baseload generating capacitipy 2021in order to meet growing electricity
demand (Appetlix 26). Can future Indiana power stations asly Indiana coals and if so how
is it to be processed and which power station will be supplad tom which mine? Can
incentives be provided to use mdngeliana coals?What fuel guidelines might be provided for
new generation capacity?

9.2 Coal Emissions and Clean Air

The proposelear Skies Initiative particularly aims at cutting emissiivos) power stations. It
concentrates on sulfur dioxide, nitrogen, and mercury,,(8I0y Hg). Emissions capping is to

be set for different air quality needs. The earlier 1990 amendments to the Clean Air Act of 1970
givestime for compliance with nati@h clean air quality standards while also requiring cities to
implement specifiair pollution control measure@ppendix 43). The Clear Skies Initiative
requires significant further reductiomsemissions as shown in Tabl&49

nd
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Table 97 4. Reductionsin 2000 Indiana Emissionsn Accordance with Legislations

Clear Clear

Air Act Skies

SO, 24% 56%

NO, 29% 71%

Hg 13% 56%
SourcefiThe Cl ear Ski es 2003.

http://www.epa.gov/air/clearskies/pdfs/infinal03.pdf

I ndi ana

58

and

CCTR recogrues that the Clear Skies Initiative is controversial. Criticissr&iaged from the
Sierra Club claiming it weakens the Clean Air Act to the Natural Resources Defense Council

stating thatitwal d gut exi

st

ng

p rocettoricniercuryn s

clear

by

emissions, 50 percent more sulfur emissions, and hundreds of thousands more tons of smog

forming nitrogen

Indiana, and what to do about them.

Criteria Pollutants

O X i

des, o
is an important reference point for the emerging teebagarding coal emissions in and around

does

not hi

ng t

Health hazards from emissioarea further aspect of coal research that the CCTR could become
engaged in if this is recommendasl one of the top researdtiqpity areas.

AThe United States Environmental Protection Agency (EPA) is mainly concerned with
emissions which are or could be harmful to people. EPA calls this set of principal air

pollutants, criteria pollutants The criteria pollutants are carbon monoxide (CO), lead

(Pb), nitrogen dioxidgNO,), ozone (@), particulate matter (PM), and sulfur dioxide

(SQ). EPA has set national air quality standards for six common pollutants (also
referred toas "criteria" pollutants).Under the Clean Air Act, EPA establishes air quality

standards to protect public health and the environment. EPA has set national air quality
standards for the six principal air pollutans (ERA, Green Book, reference [7].)

The six EPA criteria pollutants are listed in FigurelSand Figure ©2 shows the percentage of

SO, and NQ emissions that come from the electricity utilities.

(0]
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Figure 91 1. The Six EPA Criteria Pollutants

| Siogiden ' P tead

Source:http://www.epa.gov/oar/urbanair/6poll.htfn]

Figure 91 2. EPA and Emissions from Power Stations
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Source:  http://www.epa.gov/oar/urbanair/so2/what1.html
http://www.epa.gov/oar/urbanair/nox/what.Htm

5¢

Theproposedi C| e a r en@reanmentalarequirements fa010 and 202@vould place greter
demands on the utilitiesOf more immediate concern is mercury and fpeeticulates rules
being consideredt EPA under the Clear Air Act Amendments. The big questiereforefor

coal producers and utility plannesshowto invest over the nextwb decades? The economics
of clean coal technology as well as a wider distribution of knowledge about coal mix solutions at

each Indiana power station will need to be given a great deal more attention.
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Particulate Matter (PM)

APM ri sk ascatetha thausahds of exneds deaths and morbidity (including
increased frequency of disease in adults and school absenteeism in children) occur at
current exposures to ambient air. EPA is mandated to review the scientific bases for
National Ambient Air Qality Standards (NAAQS) to ensure adequate protection of
human health. NAAQS standasetting has been fraught with scientific debate and
controversy, and significant economic impacts are implied by the NAAQS decisions of
1997. EPA's Office of Air and Radiion/Office of Air Quality Planning and Standards
needs scientific information to identify and resolve key science issues in order to support
effective NAAQS[7/]Jdeci si on making. o

Sulfur Dioxide

ASQ, belongs to the family of sulfur oxide gases (S@Qx gases are formed when fuel
containing sulfur, such as coal and oil, is burned, and when gasoline is extracted from
oil, or metals are extracted from oresG; dissolves in water vapor to form acid, and
interacts with other gases and particles in theto form sulfates and other products that
can be harmful to people and their environmetzer 65% of S@released to the air, or
more than 13 million tons per year, comes from electric utilities, especially those that
burn coal6 [7]

Nitrogen Oxides

ANOX, is the generic term for a group of highly reactive gagase common pollutant,
nitrogen dioxide (N@ along with particles in the air can often be seen as a reddish
brown layer over many urban area®itrogen oxides form when fuel is burned ghh
temperatures, as in a combustion process. The primary sources of NOx are motor
vehicles, electric utilities, and other industrial, commercial, anddesgial sources that
burn f[Alel s. 0o

The SO, NOx, and PMare of greatest concern with power sta and in this paper more
attention is given t&0,. The electricity power stations produce 67%Sa), and 27% ofNOx
(Figure9i 1).

Environmental Impacts and Constraints

The environmental impacts and other constragriter into the make or buy deois of a
resource short electricity provideCurrent EPA air emissions rules for the Eastern U.S. include
restrictions on the emissie of sulfur dioxide, nitrogenxades, and particulatesProposed EPA
rules further reduce allowed emissions of thedeufamts and add restrictions on fine (smaller)
particulates and mercury under sections of the 1990 Clean Air Ads possible that some
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Midwestern states could enact more stringent restrictions than those proposed in EPA's
rulemaking, but most stateppear to support a federal legislative approach to insure a regional
solution to air pollution rather than a more piecemeal idtgtestate approachlt is also likely

that EPA's proposed rules will face legal challenges from environmental groups aaswell
representativef industries thatelease air pollutantsSince the passage of the currerdeial
administration's Clear Skiggoposalis uncertainand legal challenges to EPA's proposed rules
appears likely, future regulations regarding air emissiegulations are a source of considerable
uncertainty for a least the near term. Another related factor is the deésigrf some geographic

areas as nomttainment areasThese are areas that the EPA determines to be in violation of
current air qualif standards and may be subject to further air emissions restrictions as the state in
which the nohattainment area is located enacts programs designed to meet the staGdaeds.

the current rules and uncertainty, it may be potentially less costly atel@tectric generation
facilities (regardless of the fuaked) in states which are mastlikely to impose state mandated

air emissions standards and to locate such facilities outside of nonattainment areas.

9.3 Emissions in Indiana

Sulfur dioxide emissions in Indiana have been steadily declining over the past decade and more
(Figure9i 3). Average slfur content in coal for generatidras dropped from 5.0%by weight)

in 1993, to 4.1% in 1997, down to 2.0% in 2002 [3]. On average, compared witisliind

Ohio coals, the sulfur content in Indiana costdd is lower (Figuredi 4). The sulfur content of
Wyoming coals are very much lower than other coals and therefore most attractive fogmeetin
emissions requirements (Figuré4). The average heabntent for Wyomingcoals was 17.66

10° Btu/ton compared with the higher India average value of 22.20°Bxu/ton. The Indiana
bituminouscoals have this added advantager the Wyomingubbituminous coalsf providing
moreBtu/ton.

Figure 97 3. Indiana Sulfur Dioxide Emissions fillion tons)
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Source:http://www.in.gov/idem/soe/98report/air3.htrilorm FERC 423
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Figure 9i 4. Indiana Coal Tonnage and Sulfur forGeneration at Utilities

2002 Indiana Coal Tonnage for Electricity Generation (Million tons)
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Nearly 42 milliontonsofeaal was s uppl ilagestgeoeration staticns) ia 200, t e n
and Indianaoal made u2% of this amount. Wyomingpal constitute85% (Appendix 29) of
supplies to these ten stations (28% ofdisuppli

1, Appendix 6). Only 6.8%, however, of the sulfioxide emissions were attributed the
Wyoming supplies, while 3 cane from Indianasupplies (Table 1%, Appendices 2931).

How to reduce the sulfur and other emissions is a vital question for improving the marketing of
Indiana coals.

Progress in theconomicreduction of S@and others emissions in Indiaoger the next decade
shouldlead to greater demand and use of the Indiana higher heat contenindalseduction

in dependence on Western coalhis could be offset by the pollutioeduction requirements if

the ACI ear Skieso i niti &4highlightsithe sighificant ifcredasesp | e me
in emissions standards that can be expected.
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Del

Table9i5. Tot al Sul fur Content in Coal
Generation Stations (Short Tons in 2000)
Station & EIA Locations of mines supplying coal to India
Weight (tons) Total S
Stat-Co Codes* & average % Indiana  lllinois  Kentucky  Ohio Pennsylvania Virginia W.Virginia Wyoming Weight
. Gibson weight 135,405 23,434 158,839
6113~15470 Av S % 2.04 1.47
. Rockport weight 6,514 3,587 18,681 28,782
6166~9324 Av S % 0.82 0.82 0.24
. RM Schahfer weight 36,366 76 12,423 12,643 61,508
6085~13756 Av S % 3.16 0.63 2.48 0.40
. Petersburg weight 130,868 130,868
0994~9273 Av S % 2.73
. Clifty Creek weight 402 5,680 4,788 879 6,699 18,448
0938~9296 Av S % 1.44 3.63 0.70 3.03 0.22
. Cayuga weight 24,787 3,656 28,443
1001~15470 Av S % 1.07 1.03
. Merom weight 91,963 91,963
6213~9267 Av S % 3.10
. Tanners Creek weight 2,599 813 3,674 871 567 21,834 2,441 32,799
0988~9324 Av S % 155 1.70 1.29 1.33 0.70 1.54 242
. EW Stout weight 16,855 16,855
0990~9273 Av S % 1.16
0. Wabash River weight 27,788 27,788
1010~15470 Av S % 1.46
Totals 430,265 64,269 10,590 6,551 567 4,864 38,723 40,464 596,293
72.2%  10.8% 1.8% 1.1% 0.1% 0.8% 6.5% 6.8%
Source: Form FERC 423, Year 2000
Note: *Company codes are: PSI| 15470, IN M| Power Co 9324, NIPSCO 13756, IPL 9273, IN KY Electric Corp 9269, Hoosier Energy 9267

Average sulfur content of Indianeoal is less than lllinois coal with respective values (by
weight) of 2.136% and 2.445% (Figure4). Average sulfur content in the Wyoming coal is so

vere

much lower at 0.239% (2002 data). A detailed breakdown of the sulfur content that was

produced from th ten largest stations is shown in Talil& @nd is broken down by state.

The three Indiana stations that produced the greatest amount of sulfur in 2000 were:

1 Gibson 3,131 MW  producing 134,405 Tons S©
1 Petersburg 1,672 MW  producing 130,868 Tons SO
1 Merom 1,000 MW  producing 91,963 Tons S©

There are many initiatives taking place for investing in applied research on the use of clean coal

technologyresulting from the more stringeabhvironmental standardsl'he future role of IGCCs

(Integrated Gasitation Combined Cycle plants), gasifiers and the longer term use of fuel cells

are issues requiring a comprehensive economic assessment
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9.4 Conclusion on Coal, Generation and Emissions

This paper illustrates the need for several or more appliedrcasgrojects for the new CCTR.
Two papers were commissioned (IG$diana Coal Characteristics, and CCrRoal Demand

in Indiana), fo the August 18, 2004, meetindt is now recommended that a third paper be
commissioned which will focus on the Indemenvironment and power plant emissions.

The establishment of the Indiana CCTR is a timely piece of legislation for Inidedinking

coal technology researchittv the economic growth of theage. Power stations partnering with
coal mining operatins [4] are a logical development resulting from the intimate relationship
between the two industries. The CCTR will need to work closely with the leadership dfidoth
mining and power sectorAppendices 12, 17, 27, 33, 36). The bodydata relatingto
emissions fronelectricity generation in Indiana is becoming substantial and a comprehensive
and detailed series of studies of the associated economic factors, influencintypEaakf
emission needs to be carefully discussed f&pdices 28, 30, 31, 338, 41, 42)



[1]
[2]

[3]

[4]

[5]

[6]

[7]
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Appendix 1
Appendix 1(A)

® www.eia.doe.gov
@/ Energy Information
Administration
Indiana Profile

Historical Coal Production

o Million Short Tons

30

Tables R e | e
s Indiana Coal Statistics

. . 10 B .
« Electricity Net Generation hy Fuel,
Indiana

e Coal Used for Flectricity 0 !
Generation, Indiana 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Source: 1890-1978, 1.3, Bureau of Mines file data, including State-lewel statistics
not published in Bureaw of Mines Mineral Industry Yearbooks. 197%-present,
Energy Information Admindstration, Antal Coal Report (2001) and precedent

repotts (Coal Industry Anraal, 1993-2000; and Coal Production (year), 1979-1992).

o Coal Resources, Reserves, and
Mine Sizes, Indiana

Source: http://www.eia.doe.gov/cneaf/coal/statepro/imagemap/in.htm

Appendix 1(B) Coal Consumption by Census Division and State, 1996-2000

(Thousand Metric Tons)

Census Division and 2000 1999 1998 1997 1996

State
EastNorth Central 195,184208,07:212,33¢212,17:207,77¢
lllinois 20,882 38,257 40,517 43,21¢ 40,307
Indiana 64,03260,01€¢60,14€59,92158,07¢
Michigan 32,92¢ 34,721 34,49t 32,55¢ 33,31¢
Ohio 53,84( 52,16: 54,75¢ 53,362 54,281
Wisconsin 23,502 22,91¢ 22,42¢ 23,121 21,79(
U.S. Total 980,557947,58¢941,92:934,53:912,90¢

Source: http://www.eia.doe.gov/cneaf/coal/cia/html/b7p01lpl.html

SS
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Indiana Coal Statistics, 1990, 1995-1999

Recoverabl&keservesit ProducingMines  290,64(
ProductiveCapacity 41,35¢
ProductionTotal 34,00¢
Undergound 3,552
Surface 30,451
CapacityUtilization? 82.22
Ratio of RecoverablReserveso Productior 8.5
Number of Employees/Minets 2,633
Underground 412
Surface 2,221
ProductivityTotaP 5.42
Underground 3.44
Surface 5.81
Producer/Distributor Stocks 521
Importg 193
Distribution (thousand shorttons)

Distribution Total ﬂ
Domestic DistributioriTotal 34,21¢
Within State 30,74
To OtherStates 3,47¢

Foreign Distribution Total -
Steam -
Canadarotal -
Steam -
OverseaJotaP -
Steam -
Demand (thousand shorttons)
ConsumptiorTotal g
Electric Utility 55,10¢
Coke Plants w

Appendix 2

313,382 393,357 386,06% 323,667 444,02(
42,19C 36,99¢ 35,564 35,25€ NA
36,80 35,497 29,67C 26,007 35,907

3,445 3,53C 2,96: 3,54C 3,037
33,35¢ 31,967 26,707 22,467 32,87(C
87.19 9594 834z 73.7C NA
85 111 13.C 124 12.4
2,93C 2,71z 2,57¢ 2571 4,19t
401 411 457 485 524
2,52¢ 2,301 2,12z 2,08 3,671
517 533 498 468 3.84
363 374 3.08 322 2.90
541 558 534 504 3.96
672 698 574 611 -
976 474 735 761 -
36,774 34,808 29,664 25,62% NA
32,872 29,91¢ 24,30¢ 21,18t NA
3,90z 4,88¢ 5,354 4,43¢ NA
- 5 11 70 NA

- 5 11 70 NA

- - - * NA

- - - * NA

- 5 11 69 NA

- 5 11 69 NA
55,08¢ 54,84 52,85¢ 52,08¢ 47,65¢
w 5,71¢ 5,82 5,882 8,867

-7.0
-7.0
-6.5
-11.

- - NA
| [
-2 1.4 8

*

w

-4.0
1.6
3.8
1.7
3.6

-3.9

-29.C

A-2

I
7.4 NA

7.5
9.8
-59
-100.C
-100.C

14

w

NA
NA
NA
NA
NA
NA
NA
NA

16
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OtherIndustrial 4,145 4,39€ 5,09€ 4,987 4,373 4,62¢ -5.8 -1.3 -1.2
Residential/Commercial 343 371 395 356 287 551 -7.5 4.6 5.1
ConsumesStocksTotal w 8,98C¢ 6,64% 7,958 9,29¢ 12,22¢ w w w
Electric Utility w 8,19¢ 582z 7,105 8,43t 10,61C w w w
All Other 811 791 821 853 863 1,61€ 26 -1.5 -7.4
Coal Prices(nominal dollars per short ton)

Mine Total $19.9¢ $19.6¢ $19.6z $20.2¢ $21.71 $23.91 16 -2.0 -2.0
Underground w w w w w w w w w
Surface w w w w w w w w w

Consumer
Electric Utility $23.5¢ $23.6° $24.3t $24.67 $25.9¢ $28.7¢ -2 -2.3 -2.2
Coke Plard w w 50.78 51.9t 5274 49.3¢ w w w
OtherIndustrial 30.3¢ 30.21 29.7¢ 31.7¢ 33.14 32.8: 4 -2.2 -9

1/ For 1990, the Form EHXA solicited data on "Annual Productive Capacity." However, that data was r
verified with the respondents and aeault, it is not releasable.

2/ Capacity utilization (percent) is the ratio of total production to annual productive capacity as reporte
mining companies on Form E4AA. Productivity (short tons per miner per hour) is calculated by dividing
total cod production by the total direct labor hours worked by all employees engaged in production,
preparation, processing, development, maintenance, repair, and shop or yard work at mining operatic
3/ Includes all employees engaged in production, processévg/opment, maintainance, repair, shop ory
work at mining operations, including office workers for 1998 forwdfdr 1997 and prior years, includes
mining operations management and all technical and engineering personnel, excluding office workers
4/ Imports for 1995 through 1999 include imports to electric utilities, manufacturing plants and coke pl;
Imports for 1990 include only imports to electric utilities.

5/ Includes Mexico.

* Data round to zero.

w/ Withheld to avoid disclosure of individueompany data.

NA/ Not available.

Notes: Excludes silt, culm, refuse bank, slurry dam, and dredge operations except for Pennsylvan
anthracite. Totals may not equal sum of components due to independent rounding.

Sources: Energy Informath Administration, Form EIA3, "Quarterly Coal Consumption Report
Manufacturing Plants"; Form EHA, "Coke Plant Report Quarterly”; Form EB®, "Coal Distribution
Report”; Form EIA7A, "Coal Production Report"; Form E{A59, "Monthly Power Plant Reportghd U.S.
Department of Labor, Mine Safety and Health Administration, Form 70002, "Quarterly Mine Employm
Coal Production Report."

Source: http://www.eia.doe.gov/cneaf/coal/statepro/imagemap/inlpl.html
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Appendix 3

Coal Resources, Reserves, and Mine Sizes, Indiana

(Million Short Tons as of January 1, 2000) 8,83¢ 937 9,77¢

(Million Short Tons as of January 1, 1997)

Sulfur Content(poundspermillion )

< 0.61(low sulfur) 248 60 308
0.61-1.67(mediumsulfur) 723 127 850
> 1.67 (high sulfur) 2,69¢ 431 3,129

Number of Producing Mines in 1999
ProductionRange(thousandshorttons)

1,000andover,number 2 11 13
percent 87% 2% 74%

500to0 1,000,number 0 11 11
percent 0% 25% 23%

100to 500, number 1 2 3
percent 12% 1% 3%

10to 100, number 0 7 7
percent 0% 1% 1%

<10, number 0 0 0
percent 0% 0% 0%

Source: http://www.eia.doe.gov/cneaf/coal/statepro/imagemap/in4pl.html
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Appendix 4 DIistribution of Indiana Coal in 2002

State Total of 35,391 Thousand short tons & methods of transportation

Wisconsin: 757 Total /kE&?-,ort

385 Electricity Generation
Rail ke gﬁ,‘i@ Elkhart | La6ran0e
372 Industrial Plants L[] 7RI in state: 32,146 Total
P ! et o 23,370 Electricity Generation
lowa: 146 Total ﬂ MEA i Rail 9,311 River 502
9 Electricity Generation Export ey o et ] oo [T Conveyer 577 Truck 12,980
Pl clinton [ Tipton | o | e .
River (— 8,455 Industrial Plants
137 Industrial Plants Bg ' AT L Truck
Rail 105  River 32 A e B 321 Residential/lCommercial
igo | ciay | o f e Franklin Truck
Minnesota: 8 Total Missouri: 19 Total | gumf——fu™| /L5 T
8 Electricity Generation = 19 Industrial Plants — T e [P :
Rail River T T ort - Ohio: 178 Total
e o o }E\&R )\ 178 Electricity Generation
lllinois: 468 Total EXPOTt  f o |22 o River
466 Electricity Generation b |28 L0 LA %
River 140  Truck 326 Export Tennessee: 6 Total
2 Industrial Plants Exp 6 :
Railroad 2 Resdential/Commercial
) Florida: 162 Total
KentUCky' ]_"499 Total ) 162 Electricity Generation
1,461 Electricity Generation River
Rail 808 River 481 Truck 171
:TBr?C:ndustrlal Plants State Totals: 26,038 Electricity Generation
9,023 Industrial Plants, 327 Residential/Commercial

Source: http://www.eia.doe.gov/cneaf/coal/page/coaldistrib/o_in.html
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Appendix 5

Domestic Distribution of U.S. Coal by Origin State, Consumer, Destination and
Method of Transportation, 2002

(Thousand Short Tons)

State of Destination by Method Electricity Coke Industrial Residential and | Total
of Transportation Generation Plants Plants Commercial
(Except Coke)
Origin: Indiana

Florida 162 - - - 162
River 162 - - - 162
Illinois 466 - 2 * 468
Railroad - - 2 - 2
River 140 - - - 140
Truck 326 - - * 326
Indiana 23,370 - 8,455 321 32,146
Railroad 9,311 - - ¥ 9,311
River 503 - - - 503
Tramway, Conveyor, and Slurry 577 - - - 577
Pipeline

Truck 12,980 - 8,455 321 21,756
lowa 9 - 137 - 146
Railroad - - 105 - 105
River 9 - 32 - 41
Kentucky 1,461 - 39 - 1,499
Railroad 808 - - - 808
River 481 - - - 481
Truck 171 - 39 - 210
Minnesota 8 - - - 8
Railroad 8 - - - 8
Missouri - - 19 - 19
River - - 19 - 19
Ohio 178 - - - 178
River 178 - - - 178
Tennessee - - - 6 6
River - - - 6 6
Wisconsin 385 - 372 - 757
Railroad 385 - 68 - 453
River - - 304 - 304
Unknown State - - - - 13
Unknown - - - - 13
State Total 26,038 - 9,023 327, 135,391
Railroad 10,512 - 174 * 10,686
River 1,472 - 355 6 1,834
Tramway, Conveyor, and Slurry 577 - - - 577
Pipeline

Truck 13,477 - 8,494 321 22,292
Unknown - - - - 13

Source: http://www.eia.doe.gov/aficoal/page/coaldistrib/o_in.html
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appendix6  Coal by Destination State in 2002 - Indiana

State Total of 66,269 Thousand short tons & methods of transportation

Import

In state: 32,146 Total
/_2_+ -] | 23,370 Electricity Generation

Wyoming: 13,606 Total
13,606 Electricity Generation

Rail 7,189 River 6,417 ST Nobls [eicalb Rail 9,311 River 502
70 /=1 | Conveyer 577 Truck 12,980
Montana: 1,441 Total g AV 8,455 Industrial Plants Truck
. . 1 = Fll i H . . .
1,441 Electricity Generation Impi 321 Residential/Commercial Truck
Ral I Tipton . “": -
I ey P ) Ohio: 124 Total
Utah: 281 Total Colorado: 227 Tota g’ F 1 | e 105 Electricity Generation
281 Industrial Plants | 227 Industrial Plants o I = N - Rail 36 River6 Truck 63
Rail Rail :> o P ™ s :Impm_tl 20 Industrial Plants Truck
Owen -~ *| Decatur, 69
o | | o e & " Pen nsylvania: 429 Total
Illinois: 5,935 Total mpor ] e [ g 419 Electricity Generation
5,839 Electricity Generation o T o [t River 350 Truck 68 (Bituminous)
Rail 3,445 River 930 Truck 1,464 s Ly Import 9 Residential/Commercial
96 Industrial Plants 1 Industrial Plants
River o j 5 A >Lruck (Anthracite) Both Res. & Ind.
West Virginia: 7,942 Total irginia: 2,602 Total
Kentucky: 994 Total port TT 2,111 Electricity 1,157 Electricity
314 Electricity Generation Rliletafigriver 968 Truck 28 RalrfddatioRiver 677
Rail 178 Truck 136 Alabama: 540 Total || 4,634 Coke Plants 754 Coke Plants
86 Coke Plants 540 Coke Rail Rail 4,163 River 420, Truck 51 Rail 754
Rail 75 Truck 11

1,197 Industrial Plants
Rail 949 River 246 Truck 2

691 Industrial Plants

594 Industrial Plants Rail 676 River 15

Rail 507 River 49 Truck

State Totals: 48,643 Electricity Generation

) o ) 6,014 Coke Plants, 11,281 Industrial Plants, 331 Resid/Com
Source: http://www.eia.doe.gov/cneaf/coal/page/coaldistrib/d_in.html
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(Thousand Short Tons)

Appendix 7

Appendix 7(A) Domestic Distribution of U.S. Coal by Destination State, Consumer,
Destination and Method of Transportation, 2002

State of Origin by Method of Electricity Coke Industrial Residential and Total
Transportation Generation Plants Plants Commercial
(Except
Coke)
Destination: Indiana

Alabama - 540 - - 540
Railroad - 540 - - 540
Colorado - - 227 - 227
Railroad - - 227 - 227
lllinois 5,839 - 96 * 5,935
Railroad 3,445 - - -| 3,445
River 930 - 96 -| 1,026
Truck 1,464 - ¥ * 1,464
Indiana 23,370 - 8,455 321, 32,146
Railroad 9,311 - - * 9,311
River 503 - - - 503
Tramway, Conveyor, and Slurry 577 - - - 577
Pipeline

Truck 12,980 - 8,455 321/ 21,756
Kentucky Total 314 86 594 * 994
Railroad 178 75 507 -| 760
River - - 49 - 49
Truck 136 11 38 X 185
Eastern 178 86 591 * 855
Railroad 178 75 504 -| 758
River - - 49 - 49
Truck - 11 38 X 49
Western 136 - 3 - 138
Railroad - - 3 - 3
Truck 136 - - - 136
Montana 1,441 - - - 1,441
Railroad 1,441 - - -l 1,441
Ohio 105 - 20 - 124
Railroad 36 - - - 36
River 6 - - - 6
Truck 63 - 20 - 83
Pennsylvania Total 419 - 1 9] 429
Railroad - - * * *
River 350 - - - 350
Truck 68 - * 9 78
Anthracite - - 1 9 10
Railroad - - * * *
Truck - - * 9 10
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Bituminous 419 - - - 419
River 350 - - - 350
Truck 68 - - - 68
Tennessee - * - - *
Truck - * - - *
Utah - - 281 - 281
Railroad 281 - - - 281
Virginia 1,157 754 691 -| 2,602
Railroad 481 754 676 - 1,910
River 677 - 15 - 692
West Virginia Total 2,111 4,634 1,197 * 7,942
Railroad 1,114 4,163 949 -| 6,226
River 968 420 246 -| 1,635
Truck 28 51 2 H 81
Northern 1,779 - - - 1,779
Railroad 1,062 - - -| 1,062
River 717 - - - 717
Southern 332 4,634 1,197 * 6,163
Railroad 52 4,163 949 -| 5,164
River 251 420 246 - 917
Truck 28 51 2 X 81
Wyoming 13,606 - - -/ 13,606
Railroad 7,189 - - -| 7,189
River 6,417 - - -| 6,417
State Total 48,643 6,014 11,281 331/ 66,269
Railroad 23,476 5,532 2,360 *1 31,368
River 9,850 420 407 -/ 10,677
Tramway, Conveyor, and Slurry 577 - - - 577
Pipeline
Truck 14,740 62 8,515 330/ 23,647
Source: http/www.eia.doe.gov/cneaf/coal/page/coaldistrib/d_in.html
Appendix 7(B) U.S. Coal Consumption by End Use Sector,
by Census Division and State, 2001, 2000Thousand Short Tons)
2001 2000 Total
C_er_13_us . Residential . Residential
Division |Electric| Other Electric| Other Percent
and State Power™| Industrial Coke and . [Power YIndustrial Coke and : 2001 | 2000 Change
Commercial Commercial
East North 214,898 14,967| 12,981 907218,560( 14,178/13,971 897(243,752(247,606 -1.6
Central
lllinois 45,732 3,479 wW 228| 46,046 3,491 w 230 W W -1.8
Indiana 57,321 5,334/ 8,100 251| 59,431 4,296| 8,270 275| 71,006| 72,273 -1.8
Michigan 33,928 2,177 W 9| 33,277 2,009 w 14 W W 2.2
Ohio 53,835 2,327 W 230| 55,734 2,688 w 216 W W -4.1
Wisconsin | 24,081 1,651 - 189| 24,072 1,693 - 162| 25,921| 25,928 *

% The electric power sector (electric utilities and independent power producers) comprises electricity-only

and combined-heat-and-power (CHP) plants whose primary business is to sell electricity, or electricity and

heat, to the public -- i.e. NAICS 22 plants, W = Withheld to avoid disclosure of individual company data.
Source: http://www.eia.doe.gov/cneaf/coal/page/acr/table27.htAtinual Coal Report 2001
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. st
Appendlx 8 LaPorte ) Joseph [ Elkhart LaGrange | Steuben
w| MWoble |Dekalb
. . . Marshall
Indiana Coal Production in 2003 Siaro &
Whitlay
g Jagper | Pulaski Fulton — Allen
A T TR
d \ihite cas |G| 2 |F[2]E
= ) - : |3
Benton _Farm r |
’ Grant | Giack-
Warren épﬁ' e - _E::lr: Jay
< Chinten | Tipton | ol
Black Beauty Coal Company & = d = ﬁeﬂ'ﬁ
: 5 Randalph
2003 - 52% Coal production q@? @f@ boong [Hamiton _é' ) I’“ alp
— & |
B T ol & Henry Wayne
g | parie sig}. Marion qpé'
2 ulnamﬁ rs Rush ﬁ'ﬂ_hg : : -
Morgan & (et - Indiana total coal production in 2003
Clay 15 Franklin 34.78 Million short tons
Owen & | Decatur
Brown @ﬁ Fy
Ulllvang < Mairid [ 2 | Ripley & Source: Indiana Department of Natural
L Greene I s Resurces. Division of Reclamation,
Kindill Mining Inc 1. s A sackson | February 16. 2004
200371 9.5% Coal production N arson ]l y 2o
wiely :,%‘
u | oot
npe | &
- Glb 5 ous : i
Gibson County Coal LLC e JTR Nl p
2003 7.0% Coal production s TR har Solar Sources
AR A O b o 20037 9.5% Coal production
%ﬁ
o'ses

Qg.
Triad Mining Inc
200371 9.4% Coal production

Five Star Mining Inc
200371 6.1% Coal production

Source: Indiana Department of Natural Resources, Division of Retiam February 16, 2004
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Appendix 9
8t.
LaPorta Jns:uh Eikhart LaGrange | Steuben
Lake
Indiana Coal Imports in 2000 _— f' | Moble | DeKalb
to 10 Largest Power Stations Starke &
+ Whitlay .
(Thousands of short tons) Jasper | Pulaski | Fulton _‘I Allen Total coa I. - mp
p £ 5 -4 10 largest power stations
Schahfer 1,780MW o cass B2 )5 |2 | 2] in2000
ocrnanier 1, - ie = £ = =
WY 3,127 thousand tons, 15% Benton carrol} | = =1 =] 21,625 thousand short tons
IL 1,151 5% m %5- Howard G'HM_JF:;:-- say Percentage of Imports
WV 502 2% el & Wyoming  65.0%
oF T - 2 '
VA 12 o il Booed I ﬁn},ﬁ' llinois ~ 14.6%
Cayuga, 1,096MW @ & | & | soono Hamiton| & o] Wevirginia  11.0%
yuga, 1, S # Kentucky 5.1%
IL 356 thousand tons EEE - 4 [ g‘)& 7 gﬁ* Henry Wayno Virginia 3.0%
';'!_': Parke ﬁ Marlan o Ohio 0.9%
- utnam T & Rush | _.f§ Pennsylvania 0.4%
Morgan Shalby
Vigo | clay '&g Franklin
Dwen [ T c[Desatur Tanners Creek 980MW
' &
ilbsi)% 003£§32MW i Slivan s Brown ﬁﬁ WV 1,416 thousand tons, 7%
, ousand tons, 7% — s (Riplay § & KY 284
Jackson | Wy 101
. |Lawrence e S'ﬁnzar- PA 81
avigss ;ﬁ“ F g IL 48
Rockport  2,600MW finox o oranme ,}\»s"i“ ot
WY 7,747 thousand tons, 36% e 1 = oian
Ky 792 bson ] T— — Clifty Creek 1,209MW
WV 436 - - WY 3,041 thousand tons, 14%
&g. arr ek . 4y Parry Harrisan VA 683
Fosey h ﬁnﬁp OH 156
WV 29
KY 28

A Power stations, Peterburg, Merom, EW Stout, & Wabash River use 100% Indiana coal
i ' % Indiana coal (major Wyoming coal importers)

Sources: Form EIAI23 Database; http://www.eia.doe.gov/cneaf/electricity/page/eiad23.h
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Appendix 10
Indiana Coal Production, Surface and Underground

YEAR/ SURFACE UNDERGROUND | COMBINED PER CENT

QUARTER NET NET TOTAL SURFACE
TONNAGE TONNAGE TONNAGE COAL
19®8/1 8,090,562.9C 869,004.70 9,094,951.6t 88.96%
1998/2 8,051,843.6C 834,121.91 9,010,784.01 89.36%
1998/3 8,465,210.92 813,901.13 9,395,940.8€ 90.09%
1998/4 8,244,228.84 865,761.85 9,245,664.41 89.17%
Annual totals 32,851,846.2¢ 3,382,789.5¢ 36,747,340.9¢ 89.40%
1999/1 7,560,997.21 865,711.07 8,583,879.11 88.08%
1999/2 7,377,527.7¢ 941,335.72 8,452,136.81 87.29%
1999/3 7,899,773.64 957,311.33 8,979,697.08 87.97%
1999/4 7,309,069.47 1,291,689.94 8,736,542.43 83.66%
Annual totals ~ 30,147,368.07 4,056,048.0€ 34,752,255.4% 86.75%
2000/1 6,141,90.27 1,320,286.9C 7,563,156.82 81.21%
2000/2 5,853,120.8¢€ 1,080,442.71 7,028,166.62 83.28%
2000/3 6,062,518.44 1,036,462.9¢ 7,206,451.4¢ 84.13%
2000/4 6,075,237.0¢ 1,066,494.13 7,250,731.583 83.79%
Annual totals 24,132,785.6¢ 4,503,686.723 29,048,506.4z 83.08%
2001/1* 7,287,378.02 1,607,499.72 9,022,796.7€ 80.77%
2001/2 7,219,696.01 1,990,475.23 9,307,323.22 77.57%
2001/3 7,573,397.2€ 1,827,333.67 9,500,595.5C 79.71%
2001/4 7,188,555.6€ 1,917,477.1C 9,247,851.5E 77.73%
Annual totals 29,269,027.0C 7,342,785.72 36,611,812.7Z 79.94%
2002/1 7,092,103.44 2,002,137.73 9,246,555.57 76.70%
2002/2 6,789,713.0¢ 2,175,629.24 9,093,239.1% 74.67%
2002/3 6,787,356.2¢ 2,050,327.02 8,950,509.023 75.83%
2002/4 6,639,414.21 1,783,334.87 8,543,841.61 77.71%
Annual obtal 27,308,586.91 8,011,428.8¢ 35,834,145.3¢ 76.21%
2003/1 6,437,460.71 1,924,720.11 8,481,670.67 75.90%
2003/2 6,512,611.51 2,105,159.78 8,763,843.98 74.31%
2003/3 6,603,668.32 2,115,387.31 8,849,470.92 74.62%

2003/4 - - - -

Note. * Two newunderground mines came on line at end of 2000 and underground production incrg
during 2001 at existing mines.

Source:

Indiana Department of Natural Resources, Division of Reclamation,

RR 2 Box 129, Jasonville, IN 47438, Fax:&655041, Deceiner 2003
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Indiana State Map, Counties Ten Largest Electricity Stations
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1,672 MW
2. Rockport
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Note:

9. E.W. Stout
924 MW

8. Tanners Creek
980 MW

5. Clifty Creek

1,209 MW

1 All 10 stations use coal and petroleum fuels.
1 Stations 3, 6, 9, and 10 also use natural gas.




Expanding the Utilization of Indiana Coals A-14
Center for Coal Technology Research, Purdue University, August 18, 2004

Appendix 12

EIA DOE State Electricity Profile 2001, Indiana
Ten LargestPlants by Generating Capability, 1999

Plant

Indiana
1.

. Rockport

. RM Schahfer

. Petersburg

. Clifty Creek

. Cayuga

. Merom

. TannerLreek

© 00 ~NOoO 0oL WN

Gibson

Elmerw Stout

10. WabaslRiver

Primary
Energy Sources

Petroleum, Co:
Petroleum, Co:
Gas, Petroleum, Cc
Petroleum, Co:
Petroleum, Co:
Petroleum, Gas, Cc
Petroleum, Co:
Petroleum, Co:
Gas, Petroleum, Cc
Gas, Petroleum, Cc

Net
Summer
Capability
(MW)

Operating Company

PSI Energy In 3,131
IndianaMichigan Power C 2,600
Northern Indiana Pub Serv( 1,780
Indianapolis Power & Light C 1,672
IndianaKentucky Eletric Corg 1,209
PSI Energy In 1,096
Hoosier Energy REC It 1,000
Indiana Michigan Power C 980
Indianapolis Power & Light C 924
PSI Energy In 918

10 Largest Indiana Plants Total 15310MW

Source: http://www.eia.doe.gov/cneaf/elaity/st_profiles/indiana/in.html#t2
Note:
(a) Indiana Net Winter Coal Capacity is 18,867MW, (b) Indiana total Net Winter Capacity is 20,887MW, (c)
10 largest Indiana plants81% of total Indiana Net Winter Coal Capacity, (d) 10 largest Indianapkn3%

of total Indiana Net Winter Capacity
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Appendix 13(A) Indiana TenLargest Stations
Net
Plant Operating  Summer Unit Initial Year of
Company Capability Sizes Operation
(MW)
Gibson PSI Energy Inc 3,131 668*5 197675/78/79/82
Indiana Michigat 1300*2 1984/89
Rockport Power 2,600
R M Schahfer Northern Indian: 1,780 540/556/129*2/423*2 1976/79*3/83/86
Pub Serv
Petersburg Indlanapc_)lls 1,672 2.7*3/253/471/574*2 1967*3/67/69/77/86
Power & Light
Indiana 217*6 1955*5/56
Clifty Creek Kentucky 1,209
Electric
Cayuga P9 Energy 1,096 531*2/2.6*4 1970/72*5
Merom Hoosier Energy 1,000 540*2 1983/82
REC
Tanner<Creek Indiana Michigar 930 152*2/215/580 1951/52/54/64
Power
. Indianapolis 21.4*3/80*2/185/2.7/37.5*z 1973/94/95/02/67/41/47/
StoutHarding St oy er g ight 924 113.5+2/471 58/61/73
112/192/112/123/112/125  1953/95/53/54/55/56/
WabasR. PSI Energy 918 387/2.7%3 68/67*3

10 Largest Indiana Plants Total 15310MW
Source http://www.eia.doe.gov/cneaf/electricity/page/capangwunits2003.xIs

Appendix 13(B) EIA DOE State Electricity Profile 2001, Indiana
Five Largest Utilities by Retail Sales within the State, 1999 (Megawatthours)

- All : : , :
Utility Sectors Residential Commercial Industrial — Other
Indiana
A. PSIEnergy,iInc. 26,080,75. 7,871,76: 6,653,94: 11,488,75' 66,29

B. NorthernindianaPubServCo. 15,627,59' 2,996,65( 3,293,89¢ 9,198,31: 138,73
C. IndianaMichiganPowerCo. 15,460,12: 4,252,17. 3,971,00. 7,164,61( 72,33¢
D. IndianapolisPower & Light Co. 13,848,62! 4,569,94! 1,951,90¢ 7,253,76( 73,01¢
E. SoutherrindianaGas& ElecCo. 5,110,94! 1,371,57! 1,304,00¢ 2,415,99( 19,367
Total 76,128,04 21,062,11: 17,174,75' 37,521,431 369,74¢
Percentagef Utility Sales 79 73 85 79 69

Source: http://www.eia.doe.gov/cneaf/electricity/st_profiles/indiana/in.html#t2


http://www.eia.doe.gov/cneaf/electricity/page/capacity/newunits2003.xls
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Appendix 14(A) Electricity Net Generation by Fuel, 1990, 1998999 Indiana

Coal(percet) 9457 94.9¢ 9587 95.8¢ 95.7t 95.47 3.0 2.4

NaturalGas(percent) 2.08 332 2.1C 1.23 1.36 3.2C -35.4 14.2 -2.8
Petroleum(percent) .76 .87 77 .57 .32 .85 -8.7 27.4 .8
Hydroelectric(percent .33 41 .49 41 .43 .43 -15.0 -3.4 -9
All Others(percent) 2.25 44 77 191 214 .04 430.1 4.0 61.3

* = For detailed data, the absolute value is less than 0.5; for percentage calculations, the absolute value is less than
percent.

Notes:Electricity Net Generation: Electric utility and nonutility values for net versus gross generation may not be sun
directly. Values for net generation from nonutility power producers were estimated using-tognesgeneration conversion
methodology Electric Power Annual 1996,0V. I, "Technical Notes." pp110-111)."Average Annual Percent Change" is
derived as the nth root of the ratio of the-p#riod value to base period value, quantity minus 1 C®ee Industry Annual 1996
"Technical Notes," p247).

Sources: Bergy Information Administration, Form E4&59, "Monthly Power Plant Report"; Form EB67, "Annual
Nonutility Power Producer Report.

Source: http://www.eia.doe.gov/cneaf/coal/statepro/imagemap/in2pl.html

Appendix 14(B) Coal Used for Electricity Generation, 1999 Indiana

HeatContent(million pershortton) 22.22 21.24
Sulfur Content(percentby weight) 2.28 1.58
Ash Content(percentby weight) 9.1C 7.84
Poundsof Sulfur permillion 2.0 1.4¢
Dollarspermillion 1.0€ 1.11
Dollarspershortton 23.6( 23.5¢

Sources: AFederal Energy Regul atory CostamdiQsafity ob Fuels fdF |
Electric Plants.”

Source: http://www.eia.doe.gov/cneaf/coal/statepro/imagemap/in3pl.html



http://www.eia.doe.gov/cneaf/coal/statepro/imagemap/in3p1.html
http://www.eia.doe.gov/cneaf/coal/statepro/imagemap/in3p1.html
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Productive Capacity of Coal Mines by State, 1991, 1996-2000

(Thousand Short Tons)
Mining Type 2000 Av.Price 2000 Av.Mine

Prgdotil:-ing 2000* 1999 % in 2000**  to end Sector Price by State
St Surface Under  Elec.Gen.
Ground ($/sh.t0n)+ ($/Sh.t0n)++
Alabama 22,28: 22,29(
Colorado 41,54¢  41,09¢
Illinois 39,027 48,78 11 89 22.31 22.77
Indiana 34,27¢ 41,35 87 13 22.91 19.79
Kentucky 164,40. 182,63! 39 61 23.74 23.81
Maryland 4,637 4,224
Montana 54,682 54,88
New Mexico 33,11¢  32,79;
North Dakota 32,961 32610
Ohio 26,701 30,617 46 54 34.45 39.20
Oklahoma 2,447 2,58(
Pennsylvania 90,932  93,77(
Tennessee 4,26F 3,727
Texas 51,77¢ 54,70¢
Utah 35,091 32,15¢
Virginia 39,08t 39,72¢
WestVirginia 205,61¢ 195,12¢
Wyoming 396172 407,977 99 1 13.72 5.5
U.S. Total 1,307,46( 1,345,63.
* Source: http://www.eia.doe.gov/cneaf/coal/cia/html/t16p01pl.ht
** [|linois, http://www.eia.doe.gov/cneaf/coal/cia/html/a4p01pl.html
** Ohio http://www.eia.doe.gov/cneaf/coal/cia/html/al0p01pl.html

** Kentucky http://www.eia.doe.gov/cneaf/coal/cia/html/a6p0lpl.htmli
** Wyoming http://www.eia.doe.gov/cneaf/coal/cia/html/al6p01pl .html
+ DOE,EIA Annual Coak Report, Table 35 http://www.eia.doe.gov/cneaf/coal/page/acr/acr.pdf

++ Coal Industry Annual 2000, Table B10, http://www.eia.doe.gov/cneaf/coal/cia/html/b10p01pl.html

++ Adjusted to short tons from metric tons, factor 0.90703

Note 1: Indiana total productive capacity as percentage of US Total is 2.6 % (Year 2000)
Note 2: (Kentucky + West Virginia + Wyoming) as percentage of US Total is 58.6% (Year 2000)


http://www.eia.doe.gov/cneaf/coal/cia/html/t16p01p1.ht
http://www.eia.doe.gov/cneaf/coal/cia/html/a4p01p1.html
http://www.eia.doe.gov/cneaf/coal/cia/html/a10p01p1.html
http://www.eia.doe.gov/cneaf/coal/cia/html/a6p01p1.html
http://www.eia.doe.gov/cneaf/coal/cia/html/a16p01p1.html
http://www.eia.doe.gov/cneaf/coal/page/acr/acr.pdf
http://www.eia.doe.gov/cneaf/coal/cia/html/b10p01p1.html
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Appendix 16(A) Productive Capacity of Coal Mines by State, 1991, 199800
(Thousand Short Tons)

Mining Type 2000 2000
% in 2000** Av.Price Av.Mine
Coal- :
producing 2000* Surface Under to end Price by
State Ground Sector State
Elec.Gen.
($/sh.ton)+ ($/sh.ton)++
Illinois 39,027 11 89 22.31 22.77
Indiana 34,27 87 13 22.91 19.79
Kentucky 164,40: 39 61 23.74 23.81
Ohio 26,701 46 54 34.45 39.20
Wyoming 396,172 99 1 13.72 55
U.S. Total 1,307,46!
*  Source: http://www.eia.doe.gov/cneaf/coal/cia/html/t16p01pl.ht
** [linois, http://www.eia.doe.gov/cneaf/coal/cia/html/a4p01pl.html
** Ohio http://www.eia.doe.gov/cneaf/coal/cia/html/al0p0lpl.html
** Kentucky http://www.eia.doe.gov/cneaf/coal/cia/html/a6p0lpl.html
** Wyoming http://www.eia.doe.gov/cneaf/coal/cia/html/al6p0lpl.html

+ DOE,EIA Annual Coak Report, Table 3&ttp://www.eia.doe.gov/cneaf/coal/page/acr/acr.pdf
++ Coal Industry Annual 2000, Table Blttp://www.eia.doe.gov/cneaf/coal/cia/html/b10p01pl.html

Appendix 16(B) EIA Annual Coal Report 2001 (Table 16), Recoverable Coal

Reserves at Producing Mines, Estimated Recoverable Reserves, and Demonstrated
Reserve Base by Mining Method2001 (Million Short Tons)

Underground - Minable Coal Surface - Minable Coal Total
Coal- | Recover- | Estimat- Dem- Recover- | Estimat- Dem- Recover- | Estimat- Dem-
able ed able ed able ed
Resource onstrated onstrated onstrated
Reserves |Recover- Reserves |Recover- Reserves |Recover-
State Reserve Reserve Reserve
at Produc-| able at Produc-| able at Produc-| able
- . Base - . Base |. . Base
ing Mines |Reserves ing Mines |Reserves ing Mines |Reserves
Alabama 327 568 1,127 24 2,298 3,226 352 2,866 4,353
Alaska - 2,745 5,423 W 549 694 W 3,295 6,117
Arizona - 51 102 W - - W 51 102
Arkansas - 127 272 - 101 144 - 228 417
Colorado 353 6,151 11,721 209 3,754 4,771 562 9,905| 16,493
Georgia - 1 2 - 1 2 - 2 4
Idaho - 2 4 - - - - 2 4
lllinois 787 27,995 88,131 32, 10,088 16,578 819| 38,083 104,710
Indiana 235/ 3,652 8,817 162, 509, 870 397 4,160 9,687
lowa - 807 1,732 - 320 457 - 1,127 2,189
Source: http://www.eia.doe.gov/cneaf/coal/page/acr/table16.html


http://www.eia.doe.gov/cneaf/coal/cia/html/t16p01p1.ht
http://www.eia.doe.gov/cneaf/coal/cia/html/a4p01p1.html
http://www.eia.doe.gov/cneaf/coal/cia/html/a10p01p1.html
http://www.eia.doe.gov/cneaf/coal/cia/html/a6p01p1.html
http://www.eia.doe.gov/cneaf/coal/cia/html/a16p01p1.html
http://www.eia.doe.gov/cneaf/coal/page/acr/acr.pdf
http://www.eia.doe.gov/cneaf/coal/cia/html/b10p01p1.html
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Indiana Coal Production, by Company, in 2003

2003 Coal Comany Summary, Total tong Percentagy
1 B.B. Mining 464,646 1.3%
2 [Beech Coal Company 86,268 0.2%
3 Black Beauty Coal Company 18,108,921 52.1%
4 |Five Star Mining Inc 2,128,737 6.1%
5 |Gibson County Coal LLC 2,422,808 7.0%
6 [Kindill Mining Inc 3,310,784 9.5%
7 [McCawith Energy Inc 7,401 0.0%
8 |Solar Sources Underground LI 978,293 2.8%
9 |Solar Sources Inc 2,338,354 6.7%
10 ([Triad Mining Inc 3,261,442 9.4%
11 |Vigo Coal Company Inc 1,162,588 3.3%
12 White River Coal Inc 508,275 1.5%
TOTAL | 34,778,517 100.0%

A-19

Source: hdiana Department of Natural Resources: Division of Reclamation, February 16, 2004
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2000 1999 1998 1997 1996

A-20

State
Alabama $36.76$38.9($41.0¢$42.41$43.52
Colorado $19.0:$19.00$19.07$20.3£$19.77
lllinois 25.11 25.24 25.2C 23.6% 25.07
Indiana 21.82 22.04 21.6¢ 21.6z 22.31
KentuckyTotal $26.2.$25.91$26.25$26.12$26.3¢
Eastern 27.1C 26.61 27.1C 27.17 27.54
Western 22.81 23.31 23.1€ 22.5€ 22.47
Maryland $25.3€$25.65 $26.82$25.6:$26.9(
Missouri w w 22.91 18.6C 25.7C
Montana $9.77 $9.7z 9.1C 10.8t 10.9¢
New Mexico 23.01 23.1z 22.7¢ 24.0€ 27.1¢
North Dakota 9.21 8.83 8.832 8.8¢ 8.83
Ohio 42.2z 31.0€ 30.37 26.0&¢ 27.3¢
Oklahoma 27.7¢ 29.4% 28.6¢ 29.0z 29.2t
Pennsylvanid otal 26.2¢ 26.61 28.5z 28.64 28.4:
Anthracite 45.0¢ 38.7z 47.3C 38.71 40.54
Bituminous 25.1C 25.8% 27.28 28.01 27.54
Tennessee 29.81 32.2% 31.6% 29.8C 30.6<
Texas 14.33 13.74 13.74 13.4C 13.41
Utah 19.3€¢ 19.1C 20.3t 19.41 23.8¢
Virginia 28.61 29.0C 31.6z 31.1% 31.3¢
WestVirginia $27.9€$28.1£$29.82$29.37$29.3(
Wyoming 6.07 5.923 5,97 6.62 7.06
U.S. Total 18.5C 18.3% 19.4¢ 19.9¢ 20.3¢

Source: http://www.eia.doe.gov/cneaf/coal/cia/html/b10p01pl.html , Table B10

NOTE: After more than a decade of flat declining nominal coal prices, North American electricity power
generators ae facing rising contract prices and volatile spot prices. During the 1990s, spot coal prices
demonstrated so |Iittle movement that one trader <c¢comme
the middle of 2000, coal spot prices have spiksite with currentCentral Appalachian steam coal prices
exceeding $50 per tonmore than double what they were in early 2002. Why is this happening, and how long can it
last?

Source: http://www.paconsulting.com/industries/energy/publications/energyvebs&htm


http://www.eia.doe.gov/cneaf/coal/cia/html/b10p01p1.html
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Average Open Market Sales Price of Coal by State and Mine Type, 2002, 2001
(Thousand Short Tons)

Coal-Producing State 2002 2001 Percent Change
Underground |Surface| Total |Underground [Surface| Total |Underground|Surface|Total
Alabama 34.11 34.87 34.2¢ 34.9f 32.3¢ 34.3¢ -2.4 7. -0.2
Alaska - W W - W W - Wl W
Arizona - W W - W W - Wl W
Arkansas - W W - - - W W
Colorado 16.5¢ 20.37 17.7: 15.8¢ 20.04 17.2( 4.4 1.7 3.C
lllinois 23.5( 26.3( 24.0¢ 23.0€ 25.8€ 23.52 19 1.7 2.2
Indiana 25.9221.2422.2( 24.1(19.8920.67 7.5 6.§ 7.4
Kansas - W W - W W - Wl W
Kentucky Total 28.0Y 27.3§ 27.7i 26.5¢ 27.04 26.7i 5.4 1.2l 3.7
Eastern 29.77 28.1] 29.0¢ 28.11 27.7¢ 27.9¢ 5.¢ 1.2l 3.¢
Western 22.37 2181 22.2: 217z 21.1( 21.5¢ 3.C 3.3 3.C
Louisiana - W W - W W - W W
Maryland W W| 23.0¢ W W| 23.8: w wW| -3.2
Mississippi - W W - W W - Wl W
Missouri - W W - W W - Wl W
Montana -l 9.27  9.2i -l 8.8 8.8: - 4¢ 4.¢
New Mexico W W| 224 W W| 22.0Z W w| 2.1
North Dakota -l 8.4¢ 8.4¢ -|  8.4f 8.4¢ - -0.2 -0.2
Ohio 20.8¢ 22.0( 21.4« 21.5¢4 21.44 21.4¢ -3.1 2. -0.2
Oklahoma W W| 27.8¢ W wW| 27.0% w wW| 2.¢
Pennsylvania Total 2557 27.4Z 25.8i 241t 28.474 25.07 5.7 -3.5 3.2
Anthracite 40.7: 49.5% 47.7¢ 42.37 49.2¢ 47.67 -3.8 0.5 0.2
Bituminous 25.4f 25.49 25.4¢ 24.04 26.9( 24.6% 5.¢ 5.2 34
Tennessee 33.5{ 27.57 29.5¢ 29.8: 26.0( 27.5i 12.4 6.C 7.2
Texas -l 17.07 17.0Z - 18.77 18.7i - -9.3 -9.3
Utah w wW| 18.3( 19.8¢ - 19.8¢ w w| -7.9
Virginia 31.6¢ 29.77 31.0¢ 28.8f 28.41 28.7: 9.8 4.8 8.2
West Virginia Total 30.2( 28.7i 29.5¢ 27.21 26.7% 27.0% 11.C 7.5 9.t
Northern 24,47 27.94 24.9¢ 22.47 29.8¢ 23.4¢ 8.7 -6.4 6.4
Southern 33.0: 28.84 30.9: 29.51 26.4§ 28.0¢ 11.¢ 8.¢ 10.1
Wyoming - 6.37 6.37 - 5.62 5.62 - 13.413.4
U.S. Total 26.6¢ 13.6f 17.9¢ 25.37 13.1§ 17.3¢ 5.1 3. 3.E

W = Withheld to avoid disclosure of individual company datmte: - Open market includes all coal sold on the
open market to other coal companiesonsumers.An average open market sales price is calculated by dividing
the total free on board (f.0.b) rail/barge value of the open market coal sold by the total open market coal sold.
Excludes mines producing less than 10,000 short tons, which aregoaied to provide dataExcludes silt, culm,
refuse bank, slurry dam, and dredge operatidiigals may not equal sum of components because of independent
rounding.

Source: http://www.eia.doe.gov/cneaf/coal/page/acr/table28.html
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Modal Shares of Utility Contract Coal Tonnage,
1979, 1987, 1995, and 1997

100 :
90
80

Percent

1979 1987 1995 1997

§-Rail mBarge MTruck MMultimode EOther ]

Hotes: Mulitmode includes shipments that use any combination of rail, truck, barge, and collier transportation. Other

includes shipments for which transportation mode is unknowty, as well as conveyor, tramwray, and slurry pipeline. Import
records are excluded.

Source: Energy Information A dministration, Coal Transportation Rate Database.

Ra
http://www.eia.doe.gov/cneaf/coal/ctrdb/tab31.html

ke tn Matinnal Trends

Average Distance Shipped per Ton by Transportation Mode,
1979-1997

1,200

1,000 -|
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Other
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Hotes: Mulitmode includes shipments that use any combination of rail, truck, barge, and collier transportation.

Other includes shipments for which transportation mode is urkanowty, as well as conveyor, tramway, and slury
pipeline. Impott records are excluded.

Soutce: Energy Information A dmindstration, Coal Transportation Rate Databage.
http://www.eia.doe.gov/cneaf/coal/ctrdb/tab34.html
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http://www.eia.doe.gov/cneaf/coal/ctrdb/tab31.html
http://www.eia.doe.gov/cneaf/coal/ctrdb/tab34.html
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Transporting Indiana Coal (thousand tons) ~ 1981 to 2001
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Source: U.S. Department of Energy
http://www.indianacoal.com/transportation.html



http://www.indianacoal.com/transportation.html
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TRANSPORTING IN DIANA COAL
(THOUSAND TONS)

'YEAR | RAIL | WATER | TRUCK
11981 | 12,615 | 5,755 | 8,359
11982 | 14,383 | 6,522 | 8,655
11983 | 15,093 | 6,826 | 9,497
11984 | 17,324 | 7,607 | 11,900
11985 | 17,336 | 6,206 | 8,735
11986 | 18,210 | 7,227 | 7,055
11987 | 18,504 | 6,459 | 8,642
11988 | 17,814 | 5,865 | 7,154
11989 | 17,563 | 7,442 | 7,814
11990 | 18,455 | 8,464 | 8,113
11991 | 17,268 | 6,474 | 6,670
11992 | 17,110 | 4,943 | 8,333
11993 | 14,087 | 5,176 | 9,534
11994 | 16,101 | 4,014 | 9,703
11995 | 13,804 | 2,716 | 8,228
11996 | 16,570 | 3,203 | 9,378
11997 | 18,819 | 2,587 | 13,399
11998 | 24,711 | 1,358 | 9,929
11999 | 23,405 | 1,043 | 8,548
2000 | 17,026 | 1,236 | 9,262
2001 | 18,802 | 3,337 | 13,793
2002 | n/a | n/a | n/a

Source: U.S. Department of Energ® Geological Survey
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Average Utility Contract Coal Transportation Rate per Ton-Mile
by Transportation Mode, 1979-1997 (Mills in 1996 Dollars)

Year || Rail || Barge || Truck || Multimode! || Other? Mﬂles

1979 | 281 159 1248 270 40.3 278
1980 || 28.3 196 1231 282 388 282
1951 293 185 16845 254 407 2972
1982 || 31.2 173 1491 384 315 321
1983 || 31.1 179 1975 ara 6571 324
1984 || 33.3 242 3592 201 490 329
1985 || 301 136 1500 286 458 295
1986 || 304 124 2280 an2 2572 204
1487 || 29.0 118 2087 266 256 289
1988 || 232 M7 2047 247 2549 2372
1989 || 216 129( 1946 216 34 2 217
1990 | 21.9 104 1920 158 253 207
1991 203 102 1273 1438 329 193
1992 19.0 107 1410 137 317 178
1993 || 169 105 1096 131 284 163
1994 16.0 105 1201 1372 339 1587
1995 || 194 102 1237 120 05 14.8
1996 14 8 g5 1453 111 217 143
1997 || 126 93| 1400 114 263 134

Nncludes shipments that use any combination of rail, trucls, barge,

and collier transportation.

Ancludes shipments forwhich mode is unknown, including conveyor,
tramway, and slurry pipeline.

Mote: Import records are excluded. One mill equals 0.1 cent. In
computing the average rate per ton-mile, shipments for which the rate,
distance, or tonnage was not reported were not used.

A-25



Expanding the Utilization of Indiana Coals
Center for Coal Technology Research, Purdue University, August 18, 2004

Appendix 24

Regions (1996 Dollars)

Average Utility Contract Coal Transportation Rate per Ton Between Supply and Demand

Demand Region

Year Supply Region Northeast | Midwest | South | West LS. Total
Appalachia 11.81 9.81 10.98 - 10.74
Interiar - G.43 g.458 - 6.90
1979
Western - 23.02 251 5.81 18.89
Uu.s. 11.81 14.05 12.54 5.81 12.68
Appalachia 9.83 11.08 12.91 - 11.66
Interior - 4.97 775 - 5.60
1987
Western - 16.56 27.50 5.94 15.1
u.s. 9.83 9.26 15.35 5.94 11.07
Appalachia 12.42 5.589 g.62 - 8.36
Interior - 3.89 514 - 4.27
1995
WWestern - 12.24 18.065 G.14 12.63
u.s. 12.42 9.49 11.68 6.14 10.15
Appalachia 10.26 5.46 8.29 - 7.92
Interior - 362 43 - 3.99
1997
Western - 11.13 15.81 752 12.24
u.s. 10.26 9.00 11.12 7.52 9.88

--=Mot applicable.
Mate: Import records are excluded.
Source: Energy Infarmation Administration, Coal Transportation Rate Database.

Source:http:/Mvww.eia.doe.gov/cneaf/coal/ctrdb/tab54.html

Average Wtility Contract Coal Transportation Rate per Ton-Mile Between Supply and
Demand Regions, 1979, 1987, 1995, and 1997 (Mills in 1996 Dollars)

Demand Region

Year Supply Region Northeast Midwest South West .S, Total
Appalachia 456 37.3 3581 - 339
Interiar - 36.8 2249 - 3.2
1979
Yyestern - 228 207 319 229
.S, 45.6 26.1 28.7 31.9 21.8
Appalachia 41.3 334 34.6 - 354
Interior - 369 19.2 - 284
1987
YWestarn - 204 207 549 233
u.s. 413 28.9 25.9 54.9 28.9
Appalachia 3.3 204 21.9 - 232
Interior - 34.9 14.8 - 233
1995
WWestern - 11.1 13.3 260 12.58
u.s. 313 124 15.9 26.0 14.8
Appalachia 286 227 224 - 23.4
Interior - 366 0.5 - 19.5
1997
Yyestern - 10.3 1.4 238 1.1
.S, 28.6 114 14.1 23.8 13.4

--=Mat applicable.
Mate: One mill = 0.1 cent. Import records are excluded.
Source: Energy Infarmation Administration, Coal Transportation Rate Database.

Source:http://www.eia.doe.gov/cneaf/coal/ctrdb/tab55.html
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Average Duration of Utility Coal Supply Contracts Between Supply an
1979, 1987, 1995, and 1997 (Years)

d Demand Regions,

Demand Region

Year Supply Region | Northeast | Midwest | South ‘ West U.S. Total
Appalachia | 115 | 154 115 -] 12.4
[Interior | -] 13.2 | 15.4 | ~| 13.9

1997
‘Western ‘ - ‘ 15.6 ’ 17.8 ‘ 34.0 ’ 19.4
us. | 115 | 15.2 | 136 340 15.9

--=Not applicable.
Note: Import records are excluded.
Source: Energy Information Administration, Coal Transportation Rate Database.

Average Utility Contract Coal Transportation Rate per Ton -Mile Between Supply and Demand
Regions, 1979, 198 7, 1995, and 1997 (Mills in 1996 Dollars)

| Demand Region

Year Supply Region | Northeast ’ Midwest ‘ South | West U.S. Total
 Appalachia | 28.6 22.7 | 22.4 | ~| 23.4
[Interior | ~| 36.6 | 105 | ~| 195
1997 — — —
‘Western | -- ‘ 10.3 ‘ 11.4 | 23.8 | 11.1
us. | 28.6 11.4 | 141 238 13.4

--=Not applicable.
Note: One mill = 0.1 cent. Import records are excluded.
Source: Energy Information Administration, Coal Transportation Rate Database.

Average Utility Contract Coal Transportation Rate per Ton Between Supply and Demand
Regions (1996 D ollars)

Demand Region

|
Year Supply Region | Northeast | Midwest ‘ South ‘ West U.S. Total
 Appalachia | 10.26 | 546  8.29 - | 7.92
[ Interior | -] 362 491 - | 3.99
1997 | — —
Western | | 1113 1581 7.52| 12.24
us. | 10.26 | 900 1112| 752 9.88

--=Not applicable.
Note: Import records are excluded.
Source: Energy Information Administration, Coal Transportation Rate Database.

Source: DOE EIA, http://www.eia.doe.gov/cneaf/coal/ctrdb/tab53.html
http://www.eia.doe.gov/cneaf/coal/ctrdb/tab55.hthitp://www.eia.doe.gov/cneaf/coal/ctrdb/tab54.html
Source: http://www.eia.doe.gov/cneaf/coal/ctrdb/tab37.html
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Existing Capacity and Planned Capacity Additions at U.S. Electric Utilities by
Energy Source and State, 2000 (Table 17 Continued)

Existing Planned Additions *
State Generator Net . Generator Net .
Primary Energy | Number | Nameplate | Summer Ng;p\)/;g;:;r Number| Nameplate | Summer Ng;;/;g:sr
Source of Units | Capacity Capacity (megawats) of Units| Capacity Capacity (megawatts)
(megawatts)|(megawatts) (megawatts)|(megawatts)

Indiana 157, 22,661 20,554 20,887 16 3,104 2,645 3,042
Coal 74 20,530 18,734 18,867 - - - -
Petroleum 36 501 471 521 - - - -
Gas 26 1,540 1,290 1,440 - - - -
Water (Pumped - - - - - - - -

Storage

Hydroelectric)

Water 21 89 59 59 - - - -

(Conventional

Hydroelectric)

Nuclear - - - - - - - -

Waste Heat - - - - - - - -

Multi-Fuel - - - - - - - -

Other - - - - - - - -
Renewable®

Source: EIA DOE Inventory of Electric Utility Power Plants in the United States 2000 Table 17
http://www.eia.doe.gov/cnel@ectricity/ipp/html1/t17p03.html
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Indiana Electric Generating Stations,& Counties

Indiana Michigan Power Company Southern Indiana Gas & Electric Co.

1. D.C. CookMI) 2,110.0| 1. A.B. Brown (Posey) 587.0
*9 Rockport (5%)’ (Spencer) 1,300.0 2. F.B. Culley (Warrick) 386.0
*3. Tanners Creek (Dearborn) 995.0 3. Warrick #4 (50%) 135.0

4. Fourth Street Turbine 18.0 4. Broadway 135.0

5. Twin Branch Hydro 4.8 5. Northeast 24.0

6. Berrien Sprigs Hydro(MI) 5.4

7. Buchanan Hydr@MI) 4.1 Hoosier Energy REC

8. Elkhart Hydro 3.0 *1. Merom (Sullivan) 1,016.0

9. Constantine Hydr(MI) 1.2 2. Ratts (Pike) 250.0

10. Mottville Hydro(MI) 1.6

Wabash Valley Power Assaation

Indianapolis Power & Light Co. 1. Gibson #5 (25%) 156.3
*1. Petersburg (Pike) 1,642.0
*2. E.W. Stout (Marion) 1,000.0 | Indiana Municipal Power Agency

3. Pritchard 331.0 1. Gibson #5 (24.95%) 155.9

4. Perry K. & W. 34.4 2. CT Anderson 82.0

3. CT Richmond 82.0

Northern Indiana Public Service Co. 4. Trimble County #1 63.8
*1. Schahfer (Jasper) 1,780.0| 5. Richmond 96.0

2. Michigan City (La Porte) 589.0 6. Peru 35.0

3. Bailly (Porter) 511.0 7. Crawfordsville 25.0

4. Mitchell 502.0 8. Rensselaer 16.0

5. Oakdale Hydro 6.0

6. Norway Hydro 4.0 Municipals

1. Bluffton 5.6
PSI Energy Inc. 2. Jasper 13.5
*1. Gibson, (Gibson) 3,232.0 | 3. Logansport 55.5
*2. Cayuga (Vermillion) 1,115.0
*3. Wabash River (Vigo) 904.0 | * Clifty Creek (Jefferson) 1,209.0

4. Gallagher (Floyd) 560.0

5. Edwardsport (Knox) 160.0 Except for hydro facilities, the totals listed

6. MiamiWabash 104.0 represent net winter output and includes g

7. Connersville 98.0 generatiomat the station for the fiscal year.

8. Noblesville (Hamilton) 90.0 | Hydro plants are run of the river.

9. Markland Hydro 45.0

Source:

Indiana Utiliy Regulatory Commission 20001 Annual Report

http://www.naruc.org/Committees/ca/indiana.pdf

*

Note: I ndi anabs

10

| argest

power stations
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Mercury Emissions from Coal Burning Power Plants: Indiana
Estimated
Mercury
Plant Name County Utility Owner Emissions in
1999

(pounds)
Rockport Spencer Indiana Michigan Power Co. 886
g,:gtsigg Generating Gibson PSI Energy, Inc. 532
Clifty Creek Jefferson Indiana-Kentucky EI Corp 497
R.M. Schahfer Jasper Northern Ind. Public Service Co. 367
Tanners Creek Dearborn Indiana Michigan Power Co. 256
Petersburg Pike Indianapolis Power & Light Co. 225
R. Gallagher Station Floyd PSI Energy, Inc. 209
Cayuga Vermillion PSI Energy, Inc. 183
‘é"gﬁ;ﬂt‘i%"s‘e{aﬂon Vigo PSI Energy, Inc. 166
Warrick Power Plant Warrick Southern Indiana G & E Co. 145
E.W. Stout Marion Indianapolis Power & Light Co. 135
Merom Sullivan Hoosier Energy Rural 117
State Line Hammond | Southern Energy 116
Michigan City La Porte Northern Ind Public Service Co. 98
Dean H. Mitchell Lake Northern Ind Public Service Co. 94
Bailly Porter Northern Ind Public Service Co. 63
Frank E. Ratts Pike Hoosier Energy Rural 53
F.B. Culley Warrick Southern Indiana G & E Co. 49
A.B. Brown Posey Southern Indiana G & E Co. 46
H.T. Pritchard Morgan Indianapolis Power & Light Co. 46
Whitewater Valley Wayne Richmond (City Of) 35
Edwardsport Knox PSI Energy, Inc. 19
Noblesville Hamilton PSI Energy, Inc. 13
State Total 4,360
Percent of National Total 5.0%

Source: Environmeat Working Group. Compiled from Environmental Protection

Agency and Department of Energy data.
http://www.ewg.org/reports/BrainFood/plants/IN.html
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Quantities of coal delivered to Indiana's 10 largest power stationg Short tons in year 2000)

Station & EIA | Capacity Locations of mines supplying coal to I ndia
StatCo Codes* | (MW) Indiana lllinois Kentucky Ohio Pennsylvania| Virginia W.Virginia Wyoming Total

1. Gibson 3,131 | 6,635,300| 1,599,800 0 0 0 0 0 0 8,235,100
6113~15470

2. Rockport 2,600 0 0 792,400 0 0 0 436,200 7,746,900 | 8,975,500
6166~9324

3. RM Schahfer 1,780 0 1,151,100 0 0 0 12,200 501,900 3,126,900 | 4,792,100
6085~13756

4. Petersburg 1,672 | 4,796,000 0 0 0 0 0 0 0 4,796,000
0994~9273

5. Clifty Creek 1,209 0 0 28,000 156,300 0 683,100 29,000 3,040,800 | 3,937,200
0938~9296

6. Cayuga 1,096 | 2,316,200 356,300 0 0 0 0 0 0 2,672,500
1001~15470

7. Merom 1,000 | 2,963,079 0 0 0 0 0 0 0 2,963,079
6213~9267

8. Tanners Creek | 980 212,300 47,800 284,200 35,200 80,700 0 1,416,000 100,700 2,176,900
0988~9324

9. EW Stout 924 1,449,000 0 0 0 0 0 0 0 1,449,000
0990~9273

10. Wabash River| 918 1,902,600 0 0 0 0 0 0 0 1,902,600
1010~15470

Totalg 15,310 | 20,274,479 3,155,000| 1,104,600| 191,500 80,700 695,300 2,383,100 | 14,015,300 | 41,899,979
51.5% 8.0% 2.8% 0.5% 0.2% 1.8% 6.1% 35.6%

Source: Form FERC 423, Year 2000

Note: *Company codes are: PSI 15470, IN MI Power Co 9324, NIPSCO 13756, IPL 9273, INKY Electric Corld@266r, Energy 9267

Tanners Creek is allocated 167,700, from Indiana mines, but this quantity is not shown any state source in FERC 423
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Minimum & Maximum Sulfur content values in the coal delivered to Indiana’'s D largest power stations
~ Percentage weight for Bituminous (BIT) and Subbituminous (SUB) coals in 2000
Station & EIA Locations of mines supplying coal to India
BIT Min
StatCo Codes* | SUB Indiana Illinois Kentucky Ohio Pennsylvania| Virginia W.Virginia Wyoming & Max
1. Gibson BIT 0.453.16 | 1.331.56 0.45
6113~15470 SUB 3.16
2. Rockport BIT 0.26-0.99 0.420.94 0.280.93 0.18
6166~9324 SUB 0.180.93 0.99
3. RM Schahfer BIT 2.7113.59 0.63 1.872.71 0.530.63 0.15
6085~13756 SUB 0.150.50 2.71
4. Petersburg BIT 0.193.28 0.19
0994~9273 SUB 3.28
5. Clifty Creek BIT 1.061.97 2.694.41 0.60-0.78 2.963.07 0.180.32 0.18
0938~9296 SUB 4.41
6. Cayuga BIT 0.523.19 | 0.581.86 0.52
1001~15470 SUB 3.19
7. Merom BIT 1.91-4.68 1.91
6213~9267 SUB 4.68
8. Tanners Creek BIT 0.66-2.65 0.702.77 0.642.77 1.33 0.542.85 0.642.72 0.682.74 0.54
0988~3B24 SUB 2.85
9. EW Stout BIT 0.851.49 0.85
0990~9273 SUB 1.49
10. Wabash River| BIT 1.243.36 1.24
1010~15470 SUB 3.36
Min 0.19 0.58 0.26 1.33 0.54 0.60 0.42 0.15
Max 4.68 3.59 2.77 4.41 2.85 0.78 3.07 2.74
Source: Form FERC 423, Year 2000
Note: *Company codes are: PSI 15470, IN Ml Power Co 9324, NIPSCO 13756, IPL 9273, IN KY Electric Cotd@68; Energy 9267
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Total Sulfur content values inthe coal delivered to Indiana's 10 largest power stations
~ Sulfur tons weight & average Sulfur content by weight for coals in 2000

Station & EIA
Weight (tons)

StatCo Codes* & average %  Indiana
1. Gibson weight 135,405
6113~15470 Av S % 2.04

2. Rockport weight
6166~9324 Av S %
3. RM Schahfer weight
6085~13756 Av S %
4. Petersburg weight 130,868
0994~9273 Av S % 2.73
5. Clifty Creek weight
0938~9296 Av S %

6. Cayuga weight 24,787
1001~15470 Av S % 1.07
7. Merom weight 91,963
6213~9267 Av S % 3.10
8. Tanners Creek weight 2,599
0988~9324 Av S % 1.55
9. EW Stout weight 16,855
0990~9273 Av S % 1.16
10. Wabash River weight 27,788
1010~15470 Av S % 1.46

Totals 430,265
72.2%
Source: Form FER@23, Year 2000
Note: *Company codes are: PSI 15470,

Illinois
23,434
1.47

36,366

3.16

3,656

1.03

813

1.70

64,269
10.8%

Locati

Kentucky
6,514

0.82

402
1.44

3,674
1.29

10,590
1.8%

ons

Ohio

5,680

3.63

871
1.33

6,551
1.1%

IN MI Power Co 9324, NIPSCO 13756,

of mi

nes supplying

Pennsylvania  Virginia

567
0.70

567
0.1%

IPL 9273,

76
0.63

4,788
0.70

4,864
0.8%

W.Virginia

3,587
0.82
12,423
2.48

879

3.03

21,834
1.54

38,723
6.5%

coal t

Wyoming

18,681
0.24
12,643
0.40

6,699

0.22

2,441
2.42

40,464
6.8%

IN KY Electric Cod@266r, Energy 9267

o

A-33

I ndi
Total S
Weight
158,839
28,782
61,508
130,868
18,448
28,443
91,963
32,799
16,855

27,788

596,293
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Average cost of Coal in Indiana for 2000, depending on sour¢eents/16)
Station &
Company Codes* Indiana lllinois Kentucky | Ohio Pennsylvania| Virginia | W.Virginia | Wyoming

1. Gibson, 6113~15470 103 103

2. Rockport, 6166~9324 109 108 109
3. RM Schahfer, 6085~13756 116 138 117 114
4. Petersbrg, 0994~9273 86

5. Clifty Creek, 0938~9296 120 104 156 106 100
6. Cayuga, 1001~15470 117 118

7. Merom, 6213~9267 103

8. Tanners Creek0988~9324 114 108 108 122 122 111 99
9. EW Stout, 0990~9273 109

10. Waash River, 1010~15470 115

Source: Form FERC 423, Year 2000

Note: *Company codes are: PSI 15470, IN Ml Power Co 9324, NIPSCO 13756, IPL 9273, IN KY Electric Cotd@#68; Energy 9267
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Appendix 33(A)

l ndi anads

10

Largest

Ther mal

Indiana Mines, Average Sulfur Content and Average Fuel Costs

Average Average Cost
Sulfur Content of Coal
Station & (% weight) (Cents per
Company Codes* 10°)
1. Gibson, 6113~15470 2.04 103
2. Rockport, 6166~9324
3. RM Schahfer, 6085~13756
4. Petersburg, 0994~9273 2.73 86
5. Clifty Creek, 0938~9296
6. Cayuga, 1001~15470 1.07 117
7. Merom, 6213~9267 3.10 103
8. Tanners Creek, 0988~9324 1.55 114
9. EW Stout, 0990~9273 1.16 109
10. Wabash River, 1010~15470 1.46 115
Source: Appendices 19, 20
Appendix33B) I ndi anads 10 Largest Ther mal

Stations

Stati on s

Wyoming Mines, Average Sulfur Content, Average Fuel Costs & Transportation Cost

Average Average Cost
Sulfur Content of Coal
Station & (% weight) (Cents per
Company Codes* 10°)
1. Gibson, 6113~15470
2. Rockport, 6166~9324 0.24 109
3. RM Schahfer, 6085~13756 0.40 114
4. Petersburg, 0994~9273
5. Clifty Creek, 0938~9296 0.22 100
6. Cayuga, 1001~15470
7. Merom, 6213~9267
8. Tanners Creek, 0988~9324 2.42 99
9. EW Stout, 0990~9273
10. Wabash River, 1010~15470
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Average Sales Price of U.S. Coal by State and Disposition, 2002
(Dollarsper Short Ton)

Coal-Producing State Open Market™ Captive®
Alabama 34.28 44.18
Alaska W -
Arizona W -
Arkansas W -
Colorado 17.72 29.40
Illinois 24.04 20.65
Indiana 22.20 20.46
Kansas W -
Kentucky Total 27.77 25.39

Eastern 29.04 28.75

Western 22.23 23.97
Louisiana W W
Maryland 23.08 20.23
Mississippi W -
Missouri W -
Montana 9.27 5.81
New Mexico 22.47 -
North Dakota 8.46 -
Ohio 21.44 22.20
Oklahoma 27.86 -
Pennsylvania Total 25.87 23.05

Anthracite 47.78 -

Bituminous 25.46 23.05
Tennessee 29.56 -
Texas 17.02 13.93
Utah 18.30 16.71
Virginia 31.09 23.91
Washington - W,
West Virginia Total 29.59 33.83

Northern 24.98 28.97

Southern 30.92 36.41
Wyoming 6.37 9.19
U.S. Total 17.98 16.85

m Open market includes coal sold on the open market to other coal companies or consumers.

= Captive includes all coal used by the producing company or sold to affiliated or parent companies.

W = Withheld to avoid disclosure of individual company data.

Note: - An average open market sales price is calculated by dividing the total free on board (f.0.b.) rail/barge
value of the open market coal sold, by the total open market coal sold. An average captive market sales price is
calculated by dividing the total free on board (f.0.b.) rail/lbarge value of the captive market coal sold, by the total
captive market coal sold. Excludes mines producing less than 10,000 short tons, which are not required to provide
data. Excludes silt, culm, refuse bank, slurry dam, and dredge operations.

Source; http://www.eia.doe.gov/cneaf/coal/page/acr/table33.html


http://www.eia.doe.gov/cneaf/coal/page/acr/table33.html#_ftn1#_ftn1
http://www.eia.doe.gov/cneaf/coal/page/acr/table33.html#_ftn2#_ftn2
http://www.eia.doe.gov/cneaf/coal/page/acr/table33.html#_ftnref1#_ftnref1
http://www.eia.doe.gov/cneaf/coal/page/acr/table33.html#_ftnref2#_ftnref2
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Appendix 35

NETL Demonstration Projectsi in Indiana at 4 Sites
(National Energy Technology Laboratory)

Source: https://www.lanl.gov/projects/cctc/factsheets/fs_loc.html

. -.-1
[ |
CCT Dernio Location Map -
m n

B States with CCT Demonstration Projects
B States without CCT Demonstration Projects

Environmental Control Advanced Electric
Technolagies Power Generation
505 Control Technologies [ Fluidized Bed Combustion
0 Ny Control Technologies B Integrated Gasification
Combined Cycle
Combined 203 /NOy B advanced Combustion Systems

Control Technologies

Coal Processing
for Clean Fuels

B Coal Preparation Technologies B Industrial Applications
Mild Gasification
O Indirect Liguefaction

Indiana

A Wabash River Coal Gasification Repowering Project - Wabash River

Coal Gasification Repowering Project Joint Venture, West Terre

Haute, IN


https://www.lanl.gov/projects/cctc/factsheets/wabsh/wabashrdemo.html
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To demonstrate utility repowering with a two-stage, pressurized, oxygen-
blown, entrained-flow IGCC system, including advancements in the
technology relevant to the use of high-sulfur bituminous coal; and to assess
long-term reliability, availability, and maintainability of the system at a fully

commercial scale.

A LIFAC Sorbent Injection Desulfurization Demonstration Project -
LIFAC-North America, Richmond, IN

To demonstrate that electric power plants--especially those with space
limitations and burning high-sulfur coals--can be retrofitted successfully with
the LIFAC limestone injection process to remove 75-85% of the SO2 from

flue gas and produce a dry solid waste product for disposal in a landfill.

A Advanced Flue Gas Desulfurization Demonstration Project - Pure Air
on the Lake L.P., Chesterton, IN

To reduce SOz emissions by 95% or more at approximately one-half the
cost of conventional scrubbing technology, significantly reduce space

requirements, and create no new waste streams.

A Blast Furnace Granular Coal Injection System Demonstration Project

- Bethlehem Steel Corp., Burns Harbor, IN

To demonstrate that granular coal could effectively displace coke and
maintain established blast furnace production rates and quality
specifications; to determine the effect of coal chemistry, such as ash
content (quantity and sulfur levels) and volatile levels, on blast furnace
performance; and to evaluate the economics of granular coal injection

relative to natural gas injection.


https://www.lanl.gov/projects/cctc/factsheets/lifac/lifacdemo.html
https://www.lanl.gov/projects/cctc/factsheets/puair/adflugasdemo.html
https://www.lanl.gov/projects/cctc/factsheets/bstel/blastfgrandemo.html
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Appendix 36 Indiana Active Mines Coal Production

A-39

County | Permit Company Mine Production
(Thousand tons per year)

2001 2002 2003
1| Clay S-300 Black Beauty Coal Company Sugar Ridge 474 640 738
2| Clay S-324  [Solar Sources, Inc Lewis Mine 82 383 397
3| Clay S-346 [Triad Mining, Inc. Martz Mine 134 328 345
4 |Daviess| P-033 |Daveco East Dock Corporation Davco East Dock 0 0 0
5| Daviess| S-135 [Black Beauty Coal Company Viking 1320 328 0
6 | Daviess| S-270 |Solar Sources, Inc Midway |l 331 383 2
7 |Daviess | S-298 |Solar Sources, Inc Cannelburg Mine 1953 1657 2050
8 |Daviess| S-308 Black Beauty Coal Company Corning Mine 0 942 1442
9 |Daviess| S-312 [Foertsch Construction Co. Inc. Little Sandy #10 779 315 0
10| Gibson | S-159 Black Beauty Coal Company Discovery #1 782 814 1329
11| Gibson | S-250 Black Beauty Coal Company Columbia 679 429 0
12| Gibson | S-291 [Triad Mining, Inc. Patoka River 995 814 808
13| Gibson S-301 Black Beauty Coal Company Francisco Mine 2701 2450 2459
14| Gibson S-322 Black Beauty Coal Company Somerville # 1 Mine 6550 6238 5987
15| Gibson | U-022 |Gibson County Coal, LLC Gibson County Mine 1662 1939 2422
16| Gibson | S-301 Black Beauty Coal Company Francisco S2701 2449 2459
17| Gibson U-026 White River Coal, Inc. Hazleton Mine 0 4 527
18| Greene | S-168 |Black Beauty Coal Company Miller Creek 436 3 0
19| Greene | S-257 [Triad Mining, Inc. Switz City / Holtsclaw 360 113 0
20| Greene | S-337 [Triad Mining, Inc. Lyons Mine 0 0 5
21| Greene | S-345 [Triad Mining, Inc. Newberry Mine 0 171 332
22| Knox S-222 Beech Coal Company Sycamore Mine 713 661 89
23| Knox S-311 [Triad Mining, Inc. Freelandville 664 S584,5U284,U89 | S456,SU459
24| Knox S-321 B.B. Mining, Inc Pride Mine S872,U404 S676,U295 477
25| Knox U-013 Black Beauty Coal Company Air Quality 1875 1832 1879
26| Knox U-015 Black Beauty Coal Company Air Quality #2 0 0 0
27| Knox U-016 [Solar Sources Underground Monroe City 1329 1152 1022
28| Knox U-021 Black Beauty Coal Company Air Quality # 3 Mine 0 0 0
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29| Owen S-331 [Triad Mining, Inc. Pond Creek No.2 Mine 279 0 0
30| Parke S-336  McCawith Energy, Inc. Rainbow Mine 122 83 7
31] Pike P-003 Kindill Mining, Inc Kindill Mine No.2, Tipple #2 0 0 0
32| Pike P-020 |Solar Sources, Inc. Carbondale Preparation Plant 0 0 0
33| Pike S-034 Kindill Mining, Inc Kindill Mine No.2, Aldford Field 0 0 0
34| Pike S-333  Kindill Mining, Inc White Church Field 1938 1819 2002
35| Pike S-350 [Triad Mining, Inc. Augusta Mine 0 461 656
36| Pike U-025 [Five Star Mining, Inc. Prosperity Mine 1865 2341 2206
37|Spencer| S-302 [Triad Mining, Inc. Flint Hill 199 412 336
38| Sullivan | P-005 [Kindill Mining, Inc Kindill Mine No.3, Ancillary Area 0 0 0
39| Sullivan | S-256  Kindill Mining, Inc Kindill Mine No.3, Panndiana 1286 1287 1400
40| Sullivan | S-264  Kindill Mining, Inc Kindill Mine No.3, Penndiana Haul 0 0 0
41| Sullivan | S-287 Black Beauty Coal Company Farmersburg # 1 3989 4078 4232
42| Sullivan | U-028 |Sunrise Coal, Inc. Carlisle Mine 0 0 0
43| Vigo P-040 |Collie Coal Company Collie Pond 77 0 0
44| Warrick | S-020 [Peabody Coal Company Lynnville-5900 4543 0 0
45| Warrick | S-318 Vigo Coal Company, Inc. Cypress Creek Mine 1135 1172 1033
46| Warrick | S-319 |Peabody Coal Company Graham Hill Area 0 0 0
47| Warrick | S-341 |P.C. Indiana Synthetic Fuel #2, L.L.C. P.C. Indiana Synthetic Fuel #2 0 0 0
48| Warrick | S-343  |Vigo Coal Company, Inc. Red Brush Mine 269 12 7
49| Warrick | S--349 \Vigo Coal Company, Inc. Chilli Pepper Mine 0 0 0
50 S-236 Black Beauty Coal Company Eel Mine 40 181 0
51 S-278 Black Beauty Coal Company Owen 128 0 0
52 S-292 |Phoenix Natural Resources Inc Shiloh 3 0 0
53 S-126 [Solar Sources, Inc Prides Creek 163 58 0
54 S-263 [Solar Sources, Inc Oatsville 147 0 0
55 S-349 |Vigo Coal Company, Inc. Rangeville 3 177 159
56 U-001(-IL) Wabash Mine Holding Co Wabash 339 155 0
57 U-024 White County Coal LLC Pattiki 0 0 0
58 U-023 Black Beauty Coal Company Fransico Underground 0 0 38

Source: Indiana Department of Natural Resources, Division of Reclamation, Jasonville, IN, Faxes Dec 9, 2003 & Feb 13, 2004
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Appendix 37

Coal Classification

Table 1 - Some of the Parameters Used by ASTM for the Classification of Coals by Rank

American Society for Testing and Materials (ASTM)

Fixed Carbon Limits le?_l:ll&tﬂg Matter Gross Calonfic T.Tal_ue Limits (Moist,
(dry mineral-matter- ¥ _mts (Dry, . mineral-matter-free E-asm‘?
free basis) % u}era;l-nmttm-fme BtuTa Mjlkg
Class/group Basis) %
gqml O | Less Equal O | Less Equal 9 | Less Equal O | Less
Teater Than Greater Than Geater Than Greater Than
Than Than Than Than
Anthracite:
Ivleta-anthracite oz - 2
Anthracite a2 o8 2 2
Sermanthracite 26 92 2 14
Bituminous:
Low Volatile 78 246 14 a2
Iedimm Volatile a9 18 22 31
High Volatils A — a9 3l — 14,000 326 —
High Volatile B 13,000 14,000 302 328
High Volatile C 11,500 13,000 267 302
Subbituminous:
Subbituminous & 10,500 11,500 244 267
Subbituminous B 9,500 10,500 221 244
Subbituminous C 3,300 9.500 193 221
TLignite
Lignite A 6,300 2,300 147 193
Lignite B - 6,300 - 147

Volatile matter
The various gasses and tars driven off during coalification including hydrogen, carbon monoxide,
carbon dioxide, water, and methane.

Coalification

A progressive process (bacterial decay and heat) that turns decayed plant material (peat) into the
various ranks of coal. The first stage (peat to lignite) is decay and the remaining stages are thermal.
The major by-products are methane, carbon dioxide, and water.

Source: http:/iwww.steel.org/learning/howmade/coal.htm
http://smtc.uwyo.edu/coal/Library/glossary.asp?show=Synfuel#Synfuel


http://smtc.uwyo.edu/coal/Library/glossary.asp#Volatile matter
http://smtc.uwyo.edu/coal/Library/glossary.asp#Coalification




