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PREFACE

In 1974, the Iowa Legislature appropriated $3 million to Iowa
State University for the Energy and Mineral Resources Research Institute
to conduct a coal research program. One of the goals of this program
was to provide an economic analysis of the mining, restoration, refin-
ing, transportation, and use of Iowa coale.

This report presents the initial results of a study to evaluate
the economic feasibility of a major coal producing industry in Iowa.
Further analyses are being conducted to evaluate the impact of techno-
logical advancements and changing market forces on the potential devel-
opment of the Iowa coal industry. The results of these analyses will
be forthcoming in additional publications.

A number of individuals contributed to the completion of this
study. Numerous personnel from the United States Bureau of Mines pro-
vided input data. TIowa State University scientists Arnold Paulsen,
Larry Whiting, Tom Wheelock, Robert Hansen, John Lemish, Robert Shearer,
Donald Biggs, Lyle Sendlein, and Ray Fisher provided review comments.

In traditional fashion, the authors assume full responsibility for the

results and conclusions derived therefrom.

The Authors
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I. INTRODUCTION

The Project Independence Report proposes the national policy of

expanding the domestic energy supply to achieve energy independence by
1980 [8]. However, natural gas and petroleum reserves are being rap-
idly depleted, and research indicates that new energy sources such as
synthetic fuels, and solar and geothermal power will not make signifi-
cant contributions to the energy supply before 1985. This leaves nu-
clear power and coal as the only viable short-run solutions. Because
of environmentalist opposition to nuclear power plant development, coal
is widely discussed as an increasingly important energy source. Con-
sequently, important policy decisions affecting the U.S. coal industry
and its development are now being made.

This report describes an analytical model capable of evaluating
the future structure and characteristics of the U.S. coal industry.

Of the many policy issues that could be analyzed with the model, the
following two have been chosen:

1) The economic consequences for the coal industry (including
shifts in the regional location of production) of imposing alternative
sulfur dioxide emission standards on coal-burning facilities.

2) The economic feasibility of encouraging a region that has
historically had coal resources of marginal economic value to develop
those reservese. (The case of Iowa will be examined in detail.)

Chapter II provides a description of the model and data sourcese.

The competitive positions of major coal producing regions are evaluated

in Chapter III. This chapter also includes an analysis of the effects




of changing sulfur dioxide emission standards. Chapter IV evaluates

the potential of a marginal producing region (Towa) to develop into a

major coal producing regione. Concluding remarks and suggestions for

further study are in Chapter V. Finally, a detailed summary of the

data, model results, and the programming tableau are included in the

appendicese.

IT. THE ANALYTICAL MODEL

A multiperiod interregional competition model was specified to
evaluate the behavior of the various components of the U.Se. coal indus-
try under alternative assumptions concerning costs, sulfur dioxide
emission standards, capital availability, and the demand for coal.l
The objective of the analysis was to find the most efficient, and hence
least costly, method of supplying the nation's coal neé&s. The model
includes mining coal in the 21 regions listed in Table 1 and supplying
the demand for coal in the 18 demand regions also listed in Table 1.
Four time periods were specified: 1976-77, 1978-80, 1981-85, and 1986-
90. A large-scale linear programming model was constructed to use in
the empirical analysis. The following discussion summarizes the basic

relationships included in the model and the data sources.2
Mining
The amount of coal mined in any supply region is limited by the
available mining capacity (the number and size of operating mines), the
coal reserves in the region, and the availability of equipment needed
to open new mines and thus expand the mining capacitye.
Specifically, the mining capacity restrictions are as follows:

3
MC

1 Z M, < MC.
( ) @l l,m,q,t l,m,'t

lInterregional competition models have been widely used in agri-
cultural and industrial applications [3,7,11,16,17,20]. However, their
use in the energy and coal industries is relatively new [1,2,8].

2A more complete description of the input data and programming
tableau is provided in Appendices A and B.



Table 1.

Supply and Demand Regions Used in the Model.

Supply Regions

: a
Demand Regions

1.
2.
3.
4.
Se
6
Te
8.
9.
10.
11.
12.
13.
14.
150
16.
(7
18.
19.
20.
21.

Alabama-Georgia
Arkansas-Missouri
Colorado

I1linois

Indiana

Towa

Eastern Kentucky
Western Kentucky
Maryland

North and South Dakota
Montana

New Mexico

Ohio
Oklahoma-Texas
Pennsylvania
Tennessee

Utah

Virginia
Washington-Oregon
West Virginia

Wyoming

6e

T
8.

9.

10.

11.
12.
13.
14.
15.
16.
17.
18.

Minnesota, Wisconsin,
North Dakota, South Dakota

Western Missouri
Illinois, Indiana
Michigan

Washington, Oregon, California,
Arizona, New Mexico, Colorado,
Utah, Nevada, Idaho, Montana,
Wyoming

New York, New Jersey, Massa-
chusetts, Connecticut, Vermont,
Delaware, Maryland, Maine,

New Hampshire, Rhode Island

Florida, Georgia

Virginia, West Virginia, North
Carolina, South Carolina

Kentucky, Tennessee, Alabama,
Mississippi

Texas, Oklahoma, Arkansas,
Louisiana, Kansas, Nebraska

Pennsylvania, Ohio
Eastern Missouri
Central Iowa
Western Iowa

North Central Iowa
Southeast Iowa
Northeast Iowa

East Central Iowa

. i ix demand regions to allow for a more de-
Iowa is represented by six eg1 :
tailed evaluation of the competitive position of the Iowa supply region
in Chapter 1IV.

where M represents the tons of coal mined and MC is the mining capacity
in tons. The t subscript denotes the time period while the i subscript
indicates the supply region. The subscript m designates thin and thick
seam surface or underground mining.3 Finally, as many as three quality
levels (based on sul fur content and heating value) of coal were allowed
in each region. The quality levels are designated by the subscript q.

The underground and surface mining capacities for each region were pro-
jected from data in [22]. Tt was assumed for all regions that mining

thin seams required 25 percent more mining capacity investment than did

mining thick seams.

The mining capacity in any region was allowed to be augmented by

constructing new mines:

MC.

(2) Mc; =g, 1,met-1 T “1,m Ni,m,t

where N is the number of new mines constructed and K is the capacity,
in tons per time period, of a new mine. The K values were estimated
based on representative mine sizes shown in [22]. Both new and existing
mines were assumed to have a useful life of 20 years. Five percent of
existing mine capacity was depreciated each year (¢t)' This adjustment

is made in the right-hand side vector for each time period. All new

mine capacity was assumed to be available for the entire planning horizon

Four mining options were allowed in each region--mining thin-seam
strippable reserves, mining thick-seam strippable reserves, mining thin-
seam underground reserves, and mining thick-seam underground reserves.
For simplicity, these options are not explicitly included in the mathe-
matical representation of the model in this section. They are included,
however, in the discussion of the programming tableau in Appendix B.

Seam thickness for each mining option in each region is indicated in
Appendix Tables A-4 through A-24.,

::3---IlllllllllIIllllll....l.lll.lIl.Il.l....l.l...lll..Illl.IIll!lIIlllIIIIIIIIIIIIIIlIllllllllIllllIlIII-------



of the model. The investment cost for new mines was adjusted to re-
flect the proportion of the useful life that expires before 1990. For
example, a new mine with a total investment cost of $15 million if pur-
chased in 1980 has an investment cost in the model of $7.5 million dis-
counted to present value.

Equipment availability constraints were included to restrict the

number of mines built before 1981 as follows:

(3)

< N¥
R Tk

where N¥ is the planned expansion as reported in [5]. The N¥ variables
were specified as upper limits to reflect the inability of the industry
to expand more rapidly than current plans because of the limited capac-
ity of the capital goods market, the decision lags--caused in part by
uncertainty concerning government regulations--in responding to economic
incentives for expansion of the industry, and the normal delays in get-
ting new mines "on stream." The planned expansion data restricts the
opening of new mines until 198l. For the 1981-85 and 1986-90 periods,
no limits on the development of new mines are included in the model.

Finally, the total coal mined over time must not exceed the avail-
able reserves:

4

4 bR M. < R.
(4) i 0 TE S 18 W

The reserves, denoted by R, were estimated from [18,24,25]. Reserves
and demand (and consequently production) were not separated into steam

or metallurgical grades for this analysise. Anthracite deposits were

not included in reserve quotations.

Processing

Coal washing was allowed as the only means of upgrading the qual-

1ty of run-of-mine coal in each region. Letting P represent the tons

of coal whi 4
which are washed and p represent the tons of coal which are

transported to market without processing, we have:

2
(5)  pl, +w, p <
1,q,t 1,9 1,q,t mz& Mi,m,q,t

- 1s the inverse of the fractional weight recovery. All washabil -

ity statistics were obtained from [4].

Transportation

The tonnage of coal of each quality level shipped from each pro-
duction region to all demand points was restricted to be no more than
the amount available as follows:

18

2 3%, < p’
j=1 15Jsq9,t i,q,t b pi9q’t

e
1535qst Teépresents the tons of coal of quality level q shipped from

supply region i to demand region j in time period t. There can be as
Many as six quality levels of coal transported from each region--the

original three levels and the three levels that result after processing
Demand

The coal demand in each region is specified in heating units

rather than tons to account for differences in the heating value of

coals from different re i0 i
gions. Letting Dj,t be the demand for coal in



region j in period t andll)i 4 be the heating value per ton of coal of
b

quality g from region i, we have:

2) -6

7 2 Z - T. ” P~ D.
() i=1 g=1 wl’q 1,759t jst

The 1976-77 annualized regional coal demands used in the analysis were
specified as equal to the 1973 consumption levels shown in Table A-25.
The 1978-80, 1981-85, and 1986-90 annual consumptions in each region
showed 5 percent, 15 percent, and 25 percent increases, respectively,
over the 1973 level. The model requires that the demand be stated in
heating value terms rather than by weight. The average heating value
of all coal burned in 1973 was determined from [227] and used as the
conversion factor.4

Blending of coal to meet sulfur dioxide standards was allowed in
each region. Letting Yi,q be the pounds of sulfur dioxide per million
Btu contained in coal from region i of quality q and Y*j,t be the maxi-
mum allowable emissions (measured as pounds of sulfur dioxide per mil-

lion Btu) for mixtures purned in region j in time t, we have:

2Y heb

8) T I LY, y (3 PR BU 3. 0] a0
(8) i=1 =1 E i,q Vi,q '1,3,0,t / J,t]

4This exogenous specification of demand does not allow price to
have an influence on the quantity of coal consumed. Recent studies of
the price elasticity of demand for coal indicate that as prices increase,
consumption will decline [1]. Thus, projections of coal demand which
ignore the price effects will overstate future consumption. Including
price explicitly in the model would require sacrifices in detail in
other parts of the analysis. Consequently, the price impact on quan-
tity of coal consumed is included implicitly through parameterization
of demand levels in the sensitivity analysis reported later.

It should be noted that (8) is linear if Dj ; 1s specified exogenously.
b

Objective Function

The objective of the analysis is to minimize the present value of
the cost of supplying the national coal demand in all time periods sub-
ject to constraints (1) through (8). This can be stated mathematically

ass

i L S AnagTdey
(9) Minimize Z= £ T T I « B. M +
‘l:l rn-:l q.__l t._..l t l’m’q,t i’m,q,t

21, 2 .4 21 3 4
= b Bk @ 8. N. o Gy, X ik

21 18 6 4
T

B B e o e T g SN
i=l1 j=1 =1 t=1 ¢t 13,9t 1,3,q,t

The o values represent costs discounted at 5.845 percent per year for

each corresponding activity.5 Data on mining costs (B ) and new

. . i,myq,t
mine in i

investment costs (Oi,m,t) were obtained from [13,14,21,23] and by
using a model developed by Otte and Boehlje [19]. Processing costs
ni,q,t) were assumed to be $1.00 per ton in all regionse. Transporta-

tion i
costs (Ti,j,q,t) were based on [10] and equations supplied by the

UsSe Bureau of Mines relating costs to distance hauled.

The purpose of discounting future financi i

the fact that individuals and society displa; lezziiiﬁz i?mzopizgiift
ence.for moneye. This positive time preference is based upon the futur
earnings potential of money received today and the risk of reduced ©
value of money receiYed in the future, due primarily to inflation. How-
izer, thg co§ts ?f mining, processing, and transportation included in

e mulFlperlod interregional competition model are held constant over
a%l.perloés, thus abstracting from the problem of an appropriate rate
0 19flat19n. Consgquently, to maintain consistency, the risk premium
for 1nf}at10n also is excluded from the discount rate. However, cost
must still be discounted for the pure time preference for money: Thi:

pure time preference was calculated a i i
il e ey T o1 s a geometric weighted average of
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Solution

The model was solved using four different sulfur standard scenar-
j0s. The first set of sulfur standards was the regional standards
shown in Appendix Table A-26. The second, third, and fourth sets of
standards were 1.2 pounds (the Federal standard), 3.0 pounds, and 5.0

pounds of sulfur dioxide per million Btu, respectively, for all time

periods in all regions.

i

III. IMPLICATIONS FOR THE NATIONAL COAL INDUSTRY

The least-cost production and distribution pattern for the U.S.
coal industry will be discussed in two parts. First, the model results
using the regional sulfur standards (i.e., those in Table A-26) will
be reviewed. These sulfur standards reflect a reasonable compromise
between current regulations and the proposed 1.2 pounds of sulfur diox-
ide per million Btu Federal standard. However, because there is con-
siderable uncertainty as to which sulfur standards will finally apply,
the second part of this discussion will analyze the implications of

alternative sulfur dioxide emission standards.
Analysis of the Regional Sulfur Standards

A summary of the regional coal production and the transportation
of coal between U.Se. production and consumption regions in the short
run and long run with the regional sulfur standards is provided in Fig-
ures 1 through 4. Figures 1 and 2 summarize data for the 1976-77 and
1978-80 time periodse. Long-run national trends unrestricted by limits
in the capital markets are more clearly shown by the results of the
1981-85 and 1986-90 periods (Figures 3 and 4) when the industry approaches
its unrestricted competitive equilibrium.

The demand for Montana, Wyoming, and New Mexico coal is strong in
the 1976-80 periods. However, when capital constraints are eliminated
after 1980, the Montana and New Mexico supplies are not utilized, and
all of the demand for western coal is supplied by Utah and Wyoming sup-
plies. In addition, significant expansion occurs in the eastern coal

producing regions of Alabama-Georgia, Indiana, Eastern Kentucky, OChio,



Figure l. Coal Shipments 1976-77 (million tons per time perlod).

. -~
v W€§Wﬁfﬁ5~~
N 'r\f,,\~
/ . MONTAW_\_

\
i
R
DAHO \\ W
7WY°MING
-\-'\ /

O Demand points

® Supply points

* Represents Iowa Demand Regions 13-18
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Tennessee, and Virginia after 1980. These adjustments illustrate the

interaction among the mining, processing, and transportation costse

Although western mining costs are much lower than those in the eastern

United States, the high transportation costs to move low Btu coal to

eastern demand centers offset the scale economies of western mining.

Also, U.S. Bureau of Mines' washability and demonstrated reserve data

indicate that adequate untapped reserves of eastern coal of sufficient

quality are available for processing to meet the regional sulfur stan-

dards [4,18]. Without indicating the magnitude of shipments, shadow
prices suggest that processing costs will have to be at least double
those used in this analysis ($1.00 per ton) before western coal will
begin to be substituted for eastern processed coal after 1980.

The joint effect of capital constraints and coal quality level

(sulfur content and Btu content) on location of production is illus-

trated by the results in Table 2 for the Illinois and Indiana regions.

Indiana coal has both a lower sulfur and higher Btu content. Thus,

when capital constraints are eliminated and new mines can be dev

Indiana production expands rapidly and Illinois production declines.

In fact, Indiana depletes its reserves very rapidly prior to 1990,
rapidly than may be technically feasible or politically acceptable.

Further analysis indicates that coal from Eastern Kentucky and th
would probably substitute
rate of mine expansion in Indiana.

A comparison of Virginia a

ity of the results to relatively small differences in mining and trans-

portation costs between two regions which have essentially the same

eloped,

more

e West

for Indiana coal if limits were placed on the

nd West Virginia indicates the sensitiv-

Average Annual Regional Coal Production and Change from 1973 Actual Production, by Time Periods
b

Regional Sulfur Standard.

Table 2.
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1973
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1986-90
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Actual
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quality coal and are shipping to the same consumption points. When
long-run adjustments can be made (i.e., after 1980), coal production
in Virginia increases by 100-135 percent and West Virginia production
is reduced to almost zero. These dramatic shifts occur partly because
of the specification of the supply and demand points in the model.

The choice of demand points or destinations in the populous areas of
the eastern United States resulted in consistently higher transporta-
tion costs to deliver West Virginia coal, compared to coal from sur-
rounding production regions. Shadow prices suggest that a relative
change in total delivered costs (mining, processing, and transporta-
tion) of only $0.04 per ton in favor of West Virginia would bring that

region into the long-run solution.

Mining equipment availability

To produce the quantity of coal suggested by the model in the
1981-90 period, a substantial number of new mines must be developed.
A total of 890 strip mines, each producing 70,000 tons of coal per
year, are opened in Virginia during the 1981-90 period. Eastern Ken-
tucky opens 238 strip mines with an average capacity of 200,000 tons
per year during this period while 150 strip mines with an average

annual capacity of 750,000 tons are opened in Ohio. In Indiana, 105

6When evaluating results such as the West Virginia to Virginia
shift, it must be recognized that from a national viewpoint it may (and
often does) make good sense to abandon operating mines in one region
and build more efficient new mines in other regions. From an individual
mine operator's point of view, however, abandoning an operating mine may
not seem at all attractive and he may continue to operate the mine for
the balance of its useful life. This effect will dampen the dramatic
adjustments that occur in this model when the capital constraints are
lifted in 198l.

19

strip mines with average annual capacity of 1 million tons per mine are
opened during 1981-90 and 204 strip mines with an average capacity of
100,000 tons per year are opened in Pennsylvania. This large number of
new mine openings will most certainly place severe pressures on the cap-
ital-short, mining equipment manufacturers. The implications for land
use and reclamation problems and conflicts in these areas are also appar-
ente Only 50 underground mines with an average capacity of 930,000 tons
per year are opened in the United States during this period--suggesting
that equipment shortages will not be as severe with respect to under-

ground mines.

Transportation "bottlenecks"

The results of the national production and distribution analysis
indicate that substantial concentration of production in regions with
high quality reserves will occur after the mining capital availability
constraints are relaxed in 198l. This concentration of production could
in turn present serious coal transportation problems. Because trans-
portation constraints were not explicitly included in the model, the
feasibility of transporting coal from the major production regions to
demand centers must be examined. In most cases, the production from
one region was distributed to numerous demand points, thus not requiring
large shipments over single routes. However, all of the Montana pro-
duction is shipped to the North Central demand region. This results in
a flow from Montana to the North Central region that is five times the

1973 coal movement. In addition, 53 percent of Virginia's significantly

increased production goes into the Virginia-Carolina consumption areaj;
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however, the most serious transportation bottleneck would appear to be
in Ohio. Although Ohio ships coal to three production regions in the
1986-90 period, 60 percent of its shipments go to the Illinois-Indiana
demand region. This results in a 63 million-ton-per-year flow from

Ohio to Illinois-Indiana, as opposed to near zero shipments between
these regions in 1973. Thus, the concentration of coal production in
fewer regions will certainly aggravate already difficult transportation
problems, and major adjustments will be required in the U.S. transporta-

tion industry to satisfy the nation's future energy demand from coal at

the lowest cost.

Analysis of Alternative Sulfur Standards

The results of the empirical analysis and the implications for
various components of the coal industry under several alternative sul-
fur standards will now be discussed and compared with the results gen-
erated by the regional standards. The three alternative standards to
be analyzed are uniform l.2, 3.0, and 5.0 pounds of sulfur dioxide per

million Btu, respectively.

Cost of delivered coal

The objective function gives the discounted total cost of meeting
the national coal demand for the 1976-90 period. Therefore, one indi-
cator of the potential increase in the costs to the coal industry and
to society in general of meeting increasingly strict emission standards
is the change in the value of the objective function as the sulfur stan-
dards are changed. The values of the objective function, when expressed

in cents per million Btu, were 27.4 cents, 27.8 cents, 29.3 cents, and
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30.9 cents for the 5.0 pound, 3.0 pound, regional, and 1.2 pound sul-
fur standard, respectively. These figures are not of the magnitude one
might expect for delivered market prices since they contain no allow-
ance for profit, and they are in present value terms. However, an in-
teresting observation can be drawn from the direction and relative mag-
nitudes of the cost changes. Going from the 5.0 pound to the 3.0 pound
sulfur standards involved a 1.2 percent cost increase while changing
from the 3.0 pound to the regional standard involved an‘additional 95
percent cost increase. A further change from the regional standard to
the 1.2 pound standard results in an additional cost increase of 4.5
percent. Thus, reducing sulfur emissions by 60 percent from 3.0 to 1.2
pounds would require a cost increase of 11.4 percent.7 The results
indicate that as sulfur standards become more strict, the cost of ob-

taining energy from coal increases at an increasing rate.

Mining methods

The purpose of strict emission standards is the improvement of air
quality. A significant additional effect of the standards which also
has environmental implications is their effect on how coal will be mined
(surface versus underground). The percentages of the total coal demand
for all time periods supplied from strip mines were 86 percent, 81 per-
cent, 73 percent, and 68 percent for the 5.0 pound, 3.0 pound, regional,
and 1.2 pound sulfur standards, respectively. Thus, more stringent

sulfur standards seem to discourage strip mining and favor underground

7An additional solution using a uniform 1.5 pound standard indicates
that a 50 percent reduction of emissions (from 3.0 pounds to 1.5 pounds)
could be obtained for only a 6.5 percent cost increase.

e —
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a relatively higher concentration

mining. This effect is due mainly to

of low sulfur coal in the nation's underground reserves [18].

Competitive positions of producing regions

Tables 2, 3, 4, and 5 outline changes in coal production by regions

and time periods for the regional, 5.0 pound, 3.0 pound, and 1.2 pound

production. The long-

sulfur standards, compared to 1973 actual regional

run equilibrium generally shows a concentration of western coal produc-

tion in Utah (also Wyoming with the regional and 1.2 pound standards and

Montana with the 1.2 pound standard) and a concentration of eastern pro-

duction in Ohio and Virginia (also Eastern Kentucky and Pennsylvania

with the regional and 1.2 pound standards, Indiana with the 5.0 pound

and regional standards, and I1linois and Western Kentucky with the 5.0

pound standard).

As one might expect from the small changes in the objective func-

tion values, there was little difference in the competitive positions

of the various regions between the 3.0 pound and 5.0 pound sulfur stan-

production in Eastern Kentucky, Pennsylvania, Tennessee,

dards. However,

and Wyoming was significantly higher with the 3.0 pound standard, com-

pared to the 5.0 pound standard. In contrast, the competitive positions

of Western Kentucky and Ohio were significantly improved as the sulfur

standards were relaxed from 3.0 to 5.0 poundse.

The effect of increasingly strict sulfur emission standards 1is

illustrated by changes in the production of low and high quality coal

in Kentucky. Under the relaxed 5.0 pound sulfur standard, Western

Kentucky shows a 33 percent increase in production from 1973 to 1990.

Average Annual Regional Coal Production and Change from 1973 Actual Production, by Time Periods
b

5.0 Pound Sulfur Standard.
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Average Annual Regional Coal Production and Change from 1973 Actual Production, by Time Periods,

Table 4.
3.0 Pound Sulfur Standard.
1973 1986-90 1986-90
: f
Production by Period  Change from  Percent o
hutugl - Percent of:r _Ayel60e Aniital - ~90 1973 UeS. Market
Region 1973 UeSe Market 1976-77 1978-80 1981-85 1986-9
______________________ ercent -----=---
1,000 T. PRECEAL - “Ss=aRlsmewi 1,000 T. :
- 61.5
1,744 1,520 1,119 689
Maryland oL 23,303 20,411 90,295 133,214 191.0
hfo : g s 89,092 79,842 64,561 44,474 - 41.8
PEBIRYS S e 33,112 28,867 68,311 75,179 121.4
b e 1151448 52,648 109,531 0 G -100:0
West Virginia ’ i 41 .6
70 224,287 253,556 7e3
Northern Appalachia 273,384 4741 199,898  240,1 ’ ’
- Db
: 2,950 20,546 16,700 18,181
Alabama-Georgia 19,230 36’216 68,871 27,718 19,365 - 73.8
TR ety 72’2?8 8,821 8,593 6,898 17,906 117.9
Tennessee ’ a 9.1
011 51,316 55,452 45.3
Southern Appalachia 101,415 17.5 108,288 284 ’ :
i 0.0
: , 62 4,327 0 0 13
e e b 3197 30,652 32,157 91,081 47.8
ey s 27,623 26,466 165,227 143,214  467.1
Indiana 25’%8? " 539 408 0 0 -100.0
Toua 679 30,554 27,836 21,509 14,140 = Tt
Western Kentucky 53’183 7,076 3,007 0 0 -100.0
Oklahoma-Texas ’ e
386 67.4 40.
Midwest 148,380 25,6 102,730 92,696 218,953 248,
8 1,867 1,149 - 8l.6
Colorado 6,233 6’073 5,290 ’ 0 y 0 -100.0
North and South Dakota 6,906 5. 456 24,257 0 0 -100.0
Montana 10,725 11’294 9,846 0 0 -100.0
New Mexico 25063 iy 0 8,53 43,864 697.5
Utah 5,500 0 0 0 0 -100.0
i i 12’552 44,100 53,115 50,253 7,529 - 49.4
Wyoming ’ = 8-6
52,542 7.2
West 56,589 9.8 86,926 92,547 60,656 ’
Table 5. Average Annual Regional Coal Production and Change from 1973 Actual Production, by Time Periods,
1.2 Pound Sulfur Standard.
1973 1986-90 1686-90
Actual Percent of Average Annual Production by Period Change from Percent of
Region 1973 UeSe Market 1976-77 1978-80 1981-85 1986-90 1973 UeSe lMarket
1,000 T, percent = @ ——emmeo___ 150000 Te fimmmfrmm s cmamn cminae il percent --------
Maryland 1,789 1,744 1,520 0 0 -100.0
Ohio 45,783 23,303 20,411 57,562 55,835 22.0
Pennsylvania 76,403 89,092 88,904 100,421 109,178 42,9
Virginia 33,961 B6 712 36,067 79,166 89,805 164.4
West Virginia 115,448 118531% 109,531 0 0 -100.0
Northern Appalachia 273,384 47.1 264,162 256,433 237,149 254,818 ~ir+ B S 41.6
Alabama-Georgia 19,230 22,950 29,646 40,673 45,783 138.1
Eastern Kentucky 73,966 76,516 68,871 141,794 166,887 125.6
Tennessee 8,219 10,215 9,987 14,309 11,889 44,7
Southern Appalachia 101,415 17.5 109,681 108,504 196,776 224,559 121.4 36.6
Arkansas-Missouri 5,092 0 0 0 0 -100.0
Illinois 61,572 7,946 12,175 0 0 -100.0
Indiana 254253 26,854 25,795 20,902 14,786 - 4l.4
Towa 601 0 0 0 0 -100.0
Western Kentucky 53,679 487 0 0 0 -100.0
Oklahoma-Texas 2,183 0 0 0 0 -100.0
Midwest 148,380 25.6 35,287 37,970 20,902 14,786 - 90.0 2.4
Colorado 6,233 6,877 12,098 7,867 8,226 32.0
North and South Dakota 6,906 0 0 0 0 -100.0
Montana 105725 25,456 37,089 34,945 36,347 238.9
New Mexico 9,069 15,860 14,413 0 0 -100.0
Utah 5,500 0 0 10,094 10,972 99.5
Washington-Oregon 3,270 0 0 0 0 -100.0
Wyoming 14,886 44,100 70,590 58,295 63,399 325.9
West 56,589 9.8 92,293 134,190 111,200 118,943 110.2 19.4
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However, the more strict regional and 1.2 pound standards make it too
costly to use Western Kentucky low quality coal, even for blending. On
the other hand, Eastern Kentucky's more expensive, higher quality coal
plays a major role in meeting the national coal demand under the re-
gional and 1.2 pound standards but is an insignificant source under the
5.0 pound standard.

In some regions, production decreased significantly in later per-
jods not because of costs alone, but because their most accessible and
highest quality reserves were exhausted. This occurred in Alabama-
Georgia, Ohio, and Pennsylvania for all four sets of sulfur standards,
and in Indiana for all but the 1.2 pound standard. Higher quality
I1linois and Utah reserves and lower quality Pennsylvania and Virginia
reserves were also exhausted for the 3.0 and 5.0 pound standards, and
higher quality Tennessee and Virginia reserves were exhausted for the
3.0 pound, regional, and 1.2 pound sulfur standardse.

Although numerous shifts occurred among the various production
regions as sulfur dioxide standards and capital availability assump-
tions were changed, several of these shifts were only reallocations
between neighboring regions that may have been caused in part by the
decisions made concerning the aggregation and delineation of the regions
in the model. To facilitate an understanding of the implications of
these adjustments for major production areas and the development of
national policy, the 21 regions were aggregated into four areas--Northern
Appalachia, Southern Appalachia, the Midwest, and the West. The changes
in long-run production and share of total U.S. output for these areas

are also summarized in Tables 2, 3, 4, and 5 for the regional, 5.0
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pound, 3.0 pound, and 1.2 pound sulfur standards, respectively. Note
that the results with the regional standard show little change in the
percent of total U.S. consumption supplied from the four major areas in
the 1986-90 period, compared to 1973. However, significant adjustments
do occur between regions in each area to exploit the highest quality
coal in that area.

The national implications of different sulfur dioxide standards
are readily apparent in the comparison of the results of Tables 2, 3,
4, and 5. As sulfur dioxide standards become more restrictive, those
areas with lower sulfur content coal and competitive costs increase
their share of the U.S. market dramatically. Thus, with a‘change from
the 5.0 pound to the regional sulfur standard, the share of U.S. 1986-
90 consumption supplied by the Midwest declines from 48.9 to 22.1 per-
cent. In this region, production declines in absolute as well as rela-
tive (market share) terms. A further tightening of sulfur dioxide
standards to 1.2 pounds rapidly accelerates this trend, as the Midwest
share is reduced to only 2.4 percent of U.S. 1986-90 consumption. In
contrast, 1986-90 production increases dramatically in Southern Appa-
lachia, from 2.3 to 18.4 to 36.6 percent of total U.S. consumption as
sulfur dioxide standards become more restrictive. Note that the share
of Ue«Se. output obtained from the West does not change significantly
until sulfur dioxide standards are lowered to 1.2 pounds. Southern
Appalachia and Western coal substitutes for the lower quality Midwestern
coal as sulfur dioxide standards become more restrictive. Thus, the
5.0 pound standard would allow the Midwest to replace Northern Appa-

lachia as the major coal producing area in 1986-90. In contrast, the
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1.2 pound standard would double the shares of pboth Southern Appalachia

and the West, mainly at the expense of the Midwest.

29

Average Annual Coal Processing in Selected Regions for

Regional Sulfur

1.2 Pound Sulfur
Standard

1976-77 1978-80

Table 6.
Coal processing capacity 1976-80.
The model as presently specified assumes unlimited processing

capacity in each of the regions. Thus, to evaluate the potential prob- Region 19732

lems that may be encountered in processing, wis ot wF mopk paeen- - 0 N . O

sed as indicated by the model results will be compared to regional pro- I1llinois 48,091

cessing capacity in 1973. This comparison seems relevant only for the Indiana 19,699

periods 1976-77 and 1978-80 since after 1980, it is likely that sulfur- Eastern Kentucky 22,264

reducing techniques other than washing (gasification or stack gas scrub- Western Kentucky 20,005

bing) will become widely accepted. However, the short-run ability of New' Mexico 494

the coal industry to meet processing demands is of importance since e 14,588
West Virginia 75,672

there are no immediate substitutes for coal washinge.

Standard
1976-77 1978-80
16,274 10,658
14,796 19,188

0 0
15,620 15,388
0 0
21,184 18,556
19,931 48,443

/

6,734
26,229
22,814

0

4,229

0

100,276

1,000 Tons =-----==-==--—=-- )

10,318
25,044
0

0
2,116
781

96,930

The average annual amount of coal processed under the regional
and 1.2 pound sulfur standards for the seven production regions where

significant processing occurs is compared with the 1973 actual proces-

sing figures for these regions in Table 6. There would appear to be

little problem in meeting the 1976-77 processing demands since the
seven regions process only marginally more than the amount processed
It seems that in the short run, the availability of proces-

in 1973.

sing equipment will not be a serious problem under the regional and 1.2
pound sulfur standards.

Very little coal is processed using the 3.0 pound sulfur standard;
I1linois is the only region 1isted in Table 6 that processes any coal

during 1976-77 and 1978-80, and the amounts processed in this region are

e T e e

Su

1ICal bl

41973 i
actual production of cleaned coal taken from [22].
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less than the 1973 rate. No coal is processed in any region during
1976-80 when the model was solved using the 5.0 pound sulfur standard.
Reserves of sufficiently low sulfur content were available to meet the
5.0 pounds of sulfur dioxide per million Btu standard without incurring
the processing cost. Therefore, the availability of processing equip-
ment appears to be a matter of little concern in the short run for these
more lenient sulfur standards.

Finally, if washing is still the predominant sulfur reduction
method in 1981-90, serious equipment availability problems may occur
with the regional and 1.2 pound standards. With the regional standard,
Indiana processes about 70 million tons annually during the 1981-90
period, and Ohio processes over 50 million tons annually during 1981-
86 and 105 million tons annually during 1986-90., However, Illinois re-
duced processing activity to 3.5 million tons annually, and Western
Kentucky and West Virginia process no coal in the 1981-90 period.

Less serious processing equipment shortages would occur after 1980
with the 1.2 pound standard. Eastern Kentucky processes about 93 mil-
lion tons annually during 1981-85 and almost 110 million tons per year
through 1986-90. But, Ohio processes only about 40 million tons per
year in 1981-90, a significant decrease from its processing activity
under the regional standard. Indiana 1is the only other region which
processes any coal after 1980, processing about 14 million tons annual-

ly which is below its 1973 processing activity.
Summary

The results indicate that the costs of supplying coal to the demand
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points increase at a rapidly rising rate as sulfur standard become
increasingly more stricte. Furthermore, the more strict sulfur stan-
dards also result in more coal coming from underground as compared to
strip mines--primarily because the underground reserves contain a rel-
atively large proportion of low sulfur coal.

The changes in the sulfur emission standards also influence the
regional production of coal and the development of new mines. As the
emission standards become more strict, coal mining in the high sulfur
areas such as Illinois and Western Kentucky declines while mining activ-
ity increases in Alabama-Georgia, Wyoming, Pennsylvania, Tennessee, and
Virginia. Limits on the development of new mines prior to 1980 enhance
the competitive position of western production regions until that year.
But during the 1981-90 period when no limits are placed on new mine de-
velopment, the eastern production regions of Indiana, Ohio, and Virginia
expand dramatically at the expense of the western regionse.

Under the restrictive regional sulfur dioxide standards, the 1986-
90 percent of total consumption supplied by various producing areas is
quite similar to actual 1973 market shares. Further tightening of sul-
fur dioxide emission standards to 1.2 pounds results in the West sup-
plying more coal to Midwest consumption regions west of the Mississippi
River. Southern Appalachia competes more favorably with Midwestern
coals in consumption regions east of the Mississippi. If sulfur stan-
dards are relaxed to the 5.0 pound level, the Midwest would increase
its market share dramatically at the expense of both Northern and
Southern Appalachia. Processing capacity does not appear to present

any serious problems for the coal industry prior to 1980, but it may
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be a serious impediment to growth after that year if new technology

(gasification or stack gas scrubbing) is not available to efficiently
reduce the sulfur content of coal.

With the significant changes in the regional production of coal
suggested by this analysis, coal transportation problems will certainly
be severe. These transportation problems are aggravated even more by
the increasingly strict sulfur standards because a larger quantity of
the nation's coal must come from those few production regions with low
sul fur reserves. Thus, major adjustments must be made in the trans-
portation industry to satisfy the nation's future energy demand from
coal at the lowest cost. These adjustments will require more efficient
and higher volumes on the Virginia to Virginia-Carolina, Ohio to

T11inois-Indiana, and Montana to North Central states routes particu-

larly.

FUTRpe——————— A
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IVe EVALUATING THE FUTURE PROSPECTS FOR
A MARGINAL PRODUCING REGION

The model used in this study can also provide useful insight into
the economic prospects of a marginal producing region. In fact, a prin-
cipal objective of this study was to evaluate the competitive position
of the Iowa producing regione The results of the Iowa analysis are pre-
sented to indicated the opportunities for a major industry in Iowa and
to provide an example of the type of extensive analysis that should be

undertaken before any marginal producing region is encouraged to expand.
A Note on Hypothesis Testing

The analysis of this chapter was undertaken to determine whether
public intervention in the Iowa coal economy through research and de-
velopment expenditures could be expected to attract significant private
investment in an industry presently characterized by small-scale oper-
ations. Thus, the null hypothesis to be tested was that Iowa has the
potential to become a major coal producing region. Concluding that this
hypothesis was false when in fact it was true (a Type I error), could
discourage the development of an industry which could make a significant
contribution to the Iowa economy; therefore, the following two-stage
strategy was adopted to guard against such a costly error. First,
initial input parameters for coal quality, demand, and costs were spec-
ified as favorable to the development of an industry in the statee.
Second, sensitivity analysis was done on these parameters to evaluate

the potential development of an industry under more favorable parameter

specifications.
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The following model parameters were specified for Iowa for the

initial analysis:

1) Run-of-mine Iowa coal was assumed to have a heating value of
11,746 Btu per pound and a sulfur content of 7.1 pounds of sulfur diox-
ide per million Btu (4.3 percent sulfur by weight). By incurring the
$1.00 per ton processing costs, the Btu content could be increased to
12,735 and the sulfur reduced to 5.2 pounds sulfur dioxide (3.1 percent
by weight). These heating values and sulfur content levels reflect the
characteristics of the higher quality coal in Iowa.

2) TIowa was assumed to have about 2.9 billion tons of underground
mineable coal [18]. No strippable reserve limit was specified for Iowae

3) Although all other regions were restricted as to how many new
mines they can open before 1980, no such limits of available equipment
or manpower were placed on Iowa for either underground or surface mines.

4) The Iowa demand regions were disaggregated, compared to other
demand region specifications, to allow for more "localized" coal ship-
ments from the Iowa producing region.

The impact of changes in model parameters on the competitive posi-
tion of a producing region must be carefully analyzed before policy rec-
ommendations are drawn from the model results for three reasons:

1) The method (linear programming) necessarily requires use of a
point estimate of each model parameter from a distribution of parameter
valuese.

2) Results may be biased by the necessary process of aggregating

several different components (ieee, mines or coal users) into a single

component with a single set of parameters.
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3) Unexpected changes in technology may occur which may affect
the results.

Thus, the sensitivity analysis was structured to evaluate the
impact of changes in Iowa mining costs, transportation costs, sulfur
dioxide emission standards, capital constraints, demand levels, and

processing technology.
Economic Prospects for the Iowa Producing Region

The model solution using the "most likely" set of parameters (the
regional sulfur standards) indicated that in the 1976-77 period no coal
is mined in Iowa, even though existing mining capacity would have allowed
the production of over 1 million tons without incurring additional costs
to build new mines. However, the demand increase in 1978-80 in all
consuming regions results in enough pressure on the capital-short na-
tional coal industry to mine coal in Iowa in this period. All of the
existing surface and underground mining capacity is used during the
1978-80 period. A total of 625,000 tons are strip mined during the
three-year period (208,000 tons per year), and the underground mines
produce 908,000 tons (303,000 tons per year). After 1980 when the min-
ing capital constraints on coal production in the other production re-
gions in the nation are removed, coal production in Iowa is discontinued.
The increasing national demand for coal encourages this brief flurry of
mining activity in Iowa because more efficient mines cannot be opened
elsewhere. As soon as those mines can be opened, Iowa mines can no
longer compete and production is discontinued or reduced to an insig-

nificant level. The sensitivity and dependence of Iowa's coal industry
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\ ‘ on both demand increases and capital shortages in other regions will be with costs in other regions held constant. A development in mining

analyzed in more detail later. i technology that will reduce costs in all regions will not necessarily
No Iowa coal is processed in this solution because of the compar- ? improve Iowa's competitive position; however, mining costs could be

atively high cost of Iowa coal after processing, compared to coal from 5 reduced significantly if additional deposits of coal, in thicker seams
other regions. Even excluding fixed costs, Iowa coal costs $8.54 per ' and closer to the surface than currently documented, are discovered.®
ton to mine ($0.36/million Btu). However, the weight recovery in proces- ; Furthermore, the mining cost reduction caused by such discoveries would
sing Iowa coal is only 71.5 percent, so 1.40 tons of run-of-the-mine coal improve Iowa's competitive position vis-a-vis other producing regions.
must be mined to obtain one ton of processed coal. Thus, the cost per 1 The findings indicate that Iowa coal production would increase
ton of processed coal is $11.96 ($8.54 times 1.40), plus the $1.00 pro- significantly if mining costs could be reduced by $2.00 per ton. In
cessing cost or $12.96 per ton ($0.55/million Btu). This compares to an ( the 1976-77 period, 745,000 tons of coal per year are strip mined in
operating cost of $4.12 per ton ($0.18/million Btu) to mine the higher Iowa and over 2.9 million tons per year are mined in 1978-80. A sig-

quality Illinois coal which does not need to be processed to meet Iowa nificant number of new strip mines are opened during these two periods.

sulfur dioxide emission standards. The reduced strip mining costs place the Iowa underground mines at a

Bensitivity analyets relative cost disadvantage, and underground mine production in Iowa

ceases entirely. However, even with the $2.00 reduction in mining

In this section, each of the parameters critical to the develop-

costs, Iowa cannot compete after 1985 and both new and existing mines
ment of a significant coal industry in Iowa is adjusted to determine

are abandoned as production moves to other regions. With respect to
the change necessary to improve Iowa's competitive position. No impli-

consumption, Iowa coal is blended with coal from other regions, pri-
cation is suggested that these adjustments are likely to occur, and, in

marily Illinois and Western Kentucky through 1980. 1Illinois, Indiana,
fact, parameter values farther from those used in the initial analysis ;
| and Western Kentucky supply most of Iowa's consumption requirements
just discussed are judged to less likely occure

during the 1981-90 period.
Changes in strip mining costs

If strip mining costs in Iowa are reduced by $4.00 per ton, Iowa

The $8.54 per ton operating cost for Iowa strip mines is one of
8 s 3 irerd s 3 A
Derivations of mining costs are explained in greater detail in

the major factors that is detrimental to Iowa's competitive position. Appendix A. Large mining equipment is currently not applicable in Iowa
because of deposit characteristics. Most mines utilize a small drag-
Therefore, the impact of reducing strip mining costs to $6.54, $4.54, line or teams of bulldozers, earth scrapers, and front-end loaders.
A dozer-scraper-loader system is used in this study for all small mine
and $2.54 per ton is examined. Mining costs are reduced only in Towa sizes. More efficient machines and mining plans may have cost reduc-

tion potential as well as thicker, shallower depositse.

e ——————— T
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becomes a competitive producing region in both short- and long-run
situations. Mining occurs in all time periodsj; a substantial number of
strip mines (198) are opened before 1980 and continue to produce through
1990. A limited quantity of Iowa coal is processed in the 1976-77 time
period (1.3 million tons) and also in 1978-80 (3.2 million tons). The
Towa supply region provides a significant portion of Towa's coal con-
sumption requirements in each time period and some Iowa coal is exported
to the Western, North Central, and South Central regions of the Unitéd
States. However, blending coal obtained from other regions is still a
less expensive way to meet Iowa emission standards than using processed
Iowa coal.

The results of the analysis with Towa mine operating costs at
$2.54 per ton show that Iowa mining costs must be reduced by at least
$6.00 per ton (approximately 75 percent) for there to be a significant
coal processing industry in Iowa. Again, Iowa mines substantial amounts
of strippable coal in each time period and is largely self-sufficient
with respect to coal consumption. Thus, Iowa processed coal (mined at
$2.54 per ton plus $1.00 per ton for processing) is competitive with

I1linois, Indiana, and Western Kentucky coal.

Iowa's dependency on the mining equipment shortage

As has been indicated earlier, Iowa's competitive position depends
upon costs and conditions in other producing regions--particularly with
respect to mining equipment availability and new mine development. To

analyze the impact of unlimited equipment availability, the capital and

equipment availability restrictions for all regions and all time periods
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were removed from the model. Resolving the model showed that no coal
was mined in any time period in Iowa with no limits on new mine develop-
ment in other production regions. Iowa's coal demands were supplied by
Western Kentucky and Indiana (plus Illinois in all but 1986-90) during
all four periods.

To analyze the interrelationships between mining costs and capital
availability, the mining cost analysis of the previous’ section (Heatey
reducing operating costs to $6.54, $4.54, and $2.54 per ton) was repeated
with no capital constraints in any supply region or time period. As
expected, Iowa production was less in all time periods under all levels
of mining costs when capital was unlimited elsewhere. However, the re-
duction in mining activity during the 1976-80 period was significantly
greater for each cost level as compared to the corresponding cases when
Iowa's competitors face capital shortages. Thus, the ability and speed
of adjustment in the capital goods market to supply new mining equipment

is a major (possibly the most important) determinant of the fate of the

Iowa coal industry.

Changes in Iowa transportation costs

One possible method to improve the competitive position of the
marginal producing region is to reduce the cost of transporting coal
from that region to the consumption point. To analyze this method,
the cost of transporting coal from the Iowa supply region to each of
the Iowa markets was reduced by 20, 40, 60, and 80 percent. As with
mining costs, transportation costs are reduced only for Iowa routes

and the costs of shipping coal between other regions are held constant.
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Such a plan might be implemented through a state legislative subsidy
of the Iowa transportation facilities.

Reducing Iowa's transportation costs by 20 percent has an immedi-
ate positive effect on Towa's competitive positionlin the short run.
Iowa strip mines produce about 240,000 tons per year during the 1976-
77 period, compared to mining no coal in 1976-77 with the higher trans-
portation costs. About 1.6 times as much coal is strip mined during
the 1978-80 period (326,000 tons per year) with the 20 percent reduc-
tion in transportation costs. However, again no coal is mined in Iowa
after 1980--indicating that a 20 percent decrease in transportation
costs does not provide a sufficient incentive to attract mining invest-
ments to Iowa when there are alternatives available elsewhere.

Reducing transportation costs an additional 20 percent (a 40 per-
cent total reduction) has only a marginal additional impact on Iowa's
competitive position. An additional 1.3 million tons are strip mined
in the 1978-80 period with annual production increasing to 756,000
tons per year. However, production again drops to zero after 1980.
Thus, a subsidy that reduces transportation costs by 20 percent will
have almost the same stimulative effect on the Towa coal industry as
one which reduces costs by 40 percent.

With a 60 percent reduction in Towa transportation costs, the
amount of strip mined coal produced in Iowa increases substantially
prior to 1980. The amount of coal obtained from underground mines re-
mains at zero in all periods, except 1978-80 when underground mining

is at the maximum mineable limit without investing in new underground

mines (300,000 tons per year). However, the 60 percent reduction in

ey
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transportation costs does not significantly improve Iowa's competitive
position as a coal producer after 1980, nor does it cause Iowa proces-
sed coal to be competitive in meeting emission standards in Iowae.

The model solution when transportation costs were reduced by 80
percent provides two important insights into the future of the Iowa
coal industry. First, it indicates that transportation cost reductions
will have to be in the neighborhood of 80 percent for Iowa coal to be
competitive after 1980 when the capital restrictions are lifted from
the mining industry in competing regions. Secondly, it suggests that
even the 80 percent reduction in transportation costs will not make
processing Iowa coal an economically attractive proposition. Blending
Iowa run-of-the-mine coal with the better grades of Illinois and Indiana
coal is a less expensive way to meet emission standards, irrespective

of Iowa transportation costs.

Changes in processing technology s

A considerable research effort has been directed at discovering a
technological breakthrough in processing that would substantially reduce
the sulfur content of Iowa coale. To evaluate the potential payoff of
this discovery, a solution was generated using the same washability
characteristics of Iowa coal as in the base model, except the sulfur
content of the coal after processing was 2.0 pounds of sulfur dioxide
per million Btu rather than the 5.2 pounds of sulfur dioxide used in
the base solution. This would put Iowa processed coal among the better
processed coals available in the United States. Note that it is assumed

this sulfur reduction from 7.1 to 2.0 pounds of sulfur dioxide can still
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be obtained at a cost of $1.00 per ton. Even with this improvement in
processing technology, no Iowa coal is mined in 1976-77 or after 1980.
Iowa mines the same amount of coal in the 1978-80 period as in the base
solution and no coal is processed. The Iowa consumption pattern also
remains unchanged.

An additional important dimension of the processing technology
is the weight loss or fractional weight recovery. A higher fractional
weight recovery would decrease the cost per processed ton of coal. |
Thus, if the weight recovery in processing Iowa coal was 90 percent
instead of 71.5 percent, only 1l.11 tons of run-of-the-mine coal, in-
stead of 1.40 tons, would need to be mined to obtain one ton of pro-
cessed coal. The impact of a technological change allowing a fractional
weight recovery for Iowa coal of 90 percent can be judged by reviewing
the sensitivity analysis for a mining cost reduction of $2.00 since the
resulting costs per processed ton are similar.

Thus, if the quality parameters used for Jowa coal are represen-
tative, the short-run payoff of an improvement in processing technology
would not appear to improve the competitive position of Iowa as a coal
producing region. The more serious problem for Iowa coal is its cost
rather than its qualitye. This result is obviously of no small impor-

tance in determining research priorities concerning Iowa coale.

9The cost per processed ton of (a) coal with 90 percent fractional
weight recovery, and (b) coal mined with $2.00 reduction in mining costs
ares

$10.48
$10.19
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Changes in emission standards

Currently, each state has some control over the level of sulfur
dioxide emission standards, subject to Federal regulations and stan-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>