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PREFACE

This paper is the final report under Contract Number
EC-77-C-01-8606, issued by the Department of Energy. The
Contractor was Synergy, Inc., 2337 18th Street, N.W.,
Washington, D.C. 20009. The purpose of the study was to
examine the effects on the supply and demand for coal of
mandatory divestiture of petroleum producer-owned coal
assets. The approach utilized a modification of the
National Coal Model and the PIES Model of thé Department of

Energy.

The final report consists of several volumes. Volume I
comprises two sections; the first contains the study
methodology scenario development and results. The second
section comprises a theoretical discussion of the economics
of divestiture. Volume II is a technical appendix contéining
a discuséion of the data, the computer algorithm's and their
modification for this study} Volume IITI contains computer
documentation and Volume IV embodies.data on coal ownership
which is proprietary in nature. Only Volumes I and II are

publicly available.

The project was completed under the general supervision of
Jerome Temchin, David L. Shapiro, and W. David Montgomery III.

The Technical Project Officer was Martin G. Taschdjian.



Donald Zimmerman and Lee Dymond of Synergy, Inc., were the
principal investigators, and Robin Marris of the University
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Additional copies of this report are available from:

National Enerqgy Information Center
1726 M Street, N.W.
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Washington, D.C. 20461
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EXECUTIVE SUMMARY

The U.S. Conoress has set forth proposals wh1ch would
prohlblt oil companles from acquiring coal companies or other
non-petroleum energy resources. Some proposals would require:
oil‘companies'to divest thenselves of any such fesources thaf'
they already hold. The first leglslatlon was 1ntroduced on
this topic in the 94th Congress and alternatlve proposals
are under serious con31derat10n at the current time. We have
analyzed some-major variants of these leglslatlve proposals
w1th a - study of 11ke1y economic behav1or in the coal market
as a result of horizontal divestiture.

After a thorough study of the theoretical and empirical
aspects of ownership—related behaVior, tw0-diehotomous sets'of
assumptions are possible.: Cne set of assumptions is oriented:
towards synergism and growth maximization."The interpretation'
of these assumptions in the model is one of a .lower rate of
return for oil owned coal assets relatiVe to non-oii’owned assets.

" The second set of assumptions could broadiy be termed
"monopoly" assumptions. The depiction of these within the,model
framework is one of higher rates of return for oil owned coal |
relative to non-oil owned. Both schools of fhought have their
supporters and detractors and studies can be found Wthh seek
emplrlcal answers to these questions, usually with 1ndeterm1nate
results.' The economies'profession itself is”divided‘on‘this

question. It is our opinion that the evidence favors the lower



rate of return on oil-owned coal assets;

Due to the controversial nature of the question, we have
treated both cases as alternative baselines. As one might
expect, the estimated impact of divestiture depends upon which
baseline case one believeé. Baseline 1, synergy, leads one to a
market impact of total divestiture of incregsed prices and lower
production. However, the alternative monopoly baseline, Baseline 2,
when used as a base to compare to total divestiture, yields a
decrease in prices and an increase in production. The results for
Baselines 1 and 2 and total divestituré'are presented in Table 1.

These fesults are based on economic theory, engineering and
econometric models, and analfsis; all set in the general
framework of comparative statics. Comparative statics is an
analytical tool which permits investigation of a situation before
and after government intervention.

The economic theory of the firm and its modern variants are
used to establish the foundation for hypothesized Behayior.in
the market before and after government intervention. The engi-
"neering and econometric models are used as a tool to establish
a baseline case forecast in fhe absenc¢ of government action..
Several alternétive cases, based onlpefturbations of divéstitufe—
representing variables, are dcveloped and the'model resuits
comﬁared to the baseline.

The models used include the National Coal Model and the
Project Independence Evéluation System (PIES) model. These
models are well—groﬁnded in e;onomic theory'aﬁd'characterize

the coal and energy markets well for analysis purposes.
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TABLE 1

SUMMARY OF PRICE AND QUANTITY
FORECASTS FOR 1985 UNDER
ALTERNATIVE ASSUMPTIONS

| ' 1985 -Production

(Millions of Short
Scenario Tons/Year)
Baseline 1 , ‘ 1,029.7
Baseline'z 1,002.7
fotal Di?estiture 1,014.7

1985 Industrial
. Price
($/Short Ton)

$36.49
39.0%

38.56
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The Depaftment of Energy has used fhese hodéls.extensively for othe
analyses. |

Data on coal mine and reserve ownership were required to
allow for hypothesis testing regarding changes in owﬂership—
related variables. Therefore; a unique methddology was developed
to collect data, separate ownership, and modify the Nationai
Coal. Model. Ouf work on data and program modificétion is well
documented. Because of the controversial nature of this study,
we have also designed a systém wherebyvanaiysts who disagree
with the assumed behaviors, can fe-run the model uéing theif'own
a§§umptions, All the programs and data,fileéAnecessary to do
this are curreﬁtly up and running on the DOE coﬁputer system.
'Volume III of this report, fhe Computer Documentation, explains
this process in detail; | .

As with any study of this nature, thére are caveats. and
possible weaknesses which should be ébserﬁedJ -First, this study
is not, aﬁd,was not iﬁtcndbd to be, aAcbmh1ete cosL-benefit
analysis' of hqfizoﬁtal divestitﬁre.‘ Although it'represénts a
major source of infofmation on'thébmarket impacts, ‘it does. not
address all cosfs.A Comparafive statics, while it is_a powerful
analytical tool, does not take iufo account the adjustment |
méchanism nor the transactions.éostsAinvolved.' The'pfocess
whéreby the markef adjusfs to the‘gofernmeht intefvénfion may ,
in fact, contribute substanfialiyAto the'totai costs of-horizonfal
divestiture. Practical exﬁeriences with forced divestiture in
the Federal Governmeﬁt, éuch as Kennecott/Peabddy; suggest that

the transaction costs and adjustment costs of forced divestiture -
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_mgyAbe significant.

Second, a study using models and economic fheory is necéssarily
based upon several,assumptions; We have attempted to specify
those assumptions in as greatAa detail as possible. As mentioned
above, welhaye alsb désigﬁed a system whereby most of these
assumptions do not constrain the use of the results. Anyone
disagreeing with‘the assumptions can re-run the model and yield
results based upon theif set of'éssumptions. It is necessary,
however, that anyone using the results of fhis'study be fémiliar.
with the assumbtions underlying it.

Finally, this study is limited to the costs of divestiture
between now and 1985. Therefore, fhe'study has a mid-term

perspective. The long-term implicatioﬂs appear to be inconclusive.
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CHAPTER 1
INTRODUCTION

A current policy debate in the enefgy area focuses on the
degree of control which the U.S. petroleum industry exerts over
alternative fuel resources. Particuiar emphasis is given to
0il company penetration of the coal and uranium industfies.

This study focuses on oil company ownership of coal resources
(opérating firms and reserves) and specifically addresses the
issue of the impacts on coal markets of horizontal divestiture;-
divestifure of coal comﬁany subsidiaries and cpél Tesources by .
0il companies. Horizontal divestiture islviéwed as a remedy for
the perceived "evils" ofiincreasing concentration of energy
resources, and is developing into a major energy policy option.
The:Department of Energy (DOE) stéff.is charged with analyzing
the major impacts of varioué horizontal'divestiture proposals |
on coal markets. This'study is part of a broader objeétive‘to
develop.avcomplete'set of analyses regarding the effects of
divestiture.

Study Objectives

The primary objective of this study is to assess the likely
impact of U;S. petroleum industry horizontai'divestiture on the
U.S. coal market. The énalysié is designed to bé énalytiéal,’
‘objective, and as sophisticated (in considering the,inéerrelation-

ships of various energy fuels) as possibie.
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It should be stated at the outset that the issues involved
in the horizontal divestiture debate are complex. They surely
transcend the realm of economics and weigh heavily on political
and sociological tensions. A study which focuses on the economic
issues alone cannot be expected to produce—clear-cut-pelicy
directives. We are certainly sensitive to these limitationé
in the present study.

An even more important issue concerning this study is the
theoretical basis and empirical limitations that exist. Classical
economic¢ theory has little to say about the impact of divestiture
because that theéry does not consider resource ownership important.
Alternative theories of the firm, although more difficult to
substantiate, do hoﬁever, provide a.baéis fdr analysis of the
divestiture problem.

The models used in this study are the culmination of much
research and development effort over many years. However, like
all.models whose function is to abstréct from reality in an effort
to simplify complex relationships, there are assumptions upon
which the models are based that may not satisfy everyone's
perception of 0il company invelvement in the coual industry.

The fact that the theofy expounded here is not considered
"conventional wisdom,"'and'the model not perfectly reflective
ol industry structure or behavior, means that ohe's'results and
conclusions must be considered suggestive, not indicative, of |
public policy. This study does not claim to be thc definitive
work on the impact of horizontal divestiture. It is one appfoach,
when combined with the unique modeling system developed under

this contract, which allows additional thought and research on
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this topic to be undertaken by DOE's staff of professionals.

The nature of the problem and DOE's technical requirements
as specified below led to Synergy's propogal for using a set
of models as a foundation for the study. The diverse set of
industry and market attributes specified by DOE could only be
accommodated through the use of a consistent set of engineeriﬁg
and econometric models. - However, given this approach, we con-
sidered it inappropriate to build a new set of models on a
major scale considering the time and resources available. Nor
was it considered necessary since other models, suitable for
adaptation to the needs of this study, already existed.

The National Coal Model and the Project Independence Evaluation
System (PIES) were proposed as the vehicles for developing
quantitative estimates of the impact of horizontal divestiture.
The use of these models was combined with additional data
collection, judgment and analysis, and programmiﬁg modifications
to develop an integrated technical approach to the problem.

The issues to be addressed and requirements to be met by this

‘study, as specified by DOE, were:

o On the demand side, the model developed was to include a
derived demand formulatidn reflecting the major uses of coal.

The effects of substitute fuels, along with other critical

exogenous variables, were aspects which have to be

incorporated.
o Supply equations were to be cost-based and include planned
and potential mine openings, so that characteristics such

as mine ownership and capacity, coal quality, and mining



coﬁditions could be included. Relevant physical characteristics
-such as BTU content, sulfur content, seam widths, strip versus
deep mining techniqﬁes, as well as institutional characteris-
tics were‘mining legislation and environmental'end—usé |
constraints.

o Prdppsed divestiture legislation was to be reviewed andvthe
economic iﬁpacts of suchvaApolicy on coal»dcmand and supply
delineated. The divestiture traits were to be Sbecified
in analytical and measurable forms in an explicit.and
justifiable framework.

o The divestiture representing variables must be altcred and
the effects on equilibrium'éoa1Aconsumption determined.
Sensitivity analysés were to be done to establish a bounded

‘

range of effects.

Synergy addréséed and integrated into the study the basic
requireﬁents of the Department of Eﬁcrgy. The end result.is‘
an objective, analytical study of horizontal divestiture policies.
_ The results are based upon economic theory and modeling teﬁhﬁiques.
In addition to addressing thc bhasic inestiturc'qﬁesfion,
however,_Synergy dévéldped a system and'methodoldgy where DOE
analysts can analyze addifional'questions and future policy
scenarios in more detail. <Inde¢d, many'compétitive‘policy
issues and,questioné can bé dealt with analytically apd in a
fashion consistent with PIES and the National Coal Model under‘
the system that Synefgy developed. Although the pfimary result

of this study is an analysis of the horizontal divestiture issue,
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Synergy developed a methodology which allows DOE to continue
its analyses of competitive questions in the coal industry within
a modeling, scenario-oriented approach.

The Horizontal Divestiture Issue

Horizontal divestiture is a complex issue which may - be
separated into severai éub-issues. These sub-issues are"
frequéntly shrouded in political considerations and value judgmepts.
It 1s the intent of this study to take an objective approach
to thlS problem based on positive economic analysis. As such,
this study does not comment on the issue of oil company
"bigness per se." AWe believe that analyses of economic issues
separafe from any political or normative concerns will clarify
the debate on horizontal divestiture.

This study attempts to pool together, and apply to the problen,
the requisite economic theory and, based on it, to develop-empirif
cal estimates of likely inputs undér alternative scenapios.

The collection of relevant theorieS'énd applicapion of them to this
.problem has not been done in a systematic fashion prior toAthis
study. An effort is undertaken to integrate separate but felated
parts oflecpnomic theory into a cohesive gef of tools applipable

to the horizontal divestiture issue and its'objéctivejanalysis.
This étﬁdy also attempts to utilize the beSt'daté available on

the coalAindustry'and the mpst sophisticated engineering-and
econometric'models to-analyze the‘issue.

Much of the work in this study focused upon modifying the
DOE models (PIES, National Coal Mpdelj which existed at the time.

The modification of these models-required the collection of
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diverse data elements, the application of judgment, and innova-
tive integration with other models through the development of
several new computer programs. Once the models were modified,
hypotheses and scenarios could be developed which were well-
founded in the body of economic theory and empiricél work which
was reviewed and synthesized for this study.

The main thrust and original intention of this study wés
to compare the relative impacts of a total divestiture situation
and a non-divestiture situation. Therefore, most of the analysis
-and results which follow are based on comparing these two
situations. Conclusiohs are drawn, however, in all four areés
of divestiture and restraint since legislative propoéals appear
to relate variously to all four areas. Some of the analysis-
related to the conclusions drawn for these four areas is
necessarily based upon deductions from available data. A legiti-
mate attempt ié made to characterize each legislativc concept
as closely as possible in the model. While it wouid have been
desirable to relate each concept to a unique model run, for
technical reasons this turned out to be impractical. The
total divestiture case conclusinns are based primarily uﬁ model

TUuns.
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Legislative Scenarios

There appear to be four major legislative proposals relating
to horizontal divestiture which‘must be taken seriously at this
time. Three of these proposals are embodied in Senate legislation
while one appears likely to emerge from the Senate hearings.

While individual bill numbers and the details of proposals
change from time to time, there are four basic'concepts involved . -
in the various divéstiture proposals. These four cbncepts can
be defined by divestitur¢ vs. restraint and by all oil compahies
vs. major oil companies only. The current and potential legis-
lative proposals cover all four of ;hese areas. These four .
concepts are summariéed in.Table I-1. The individual correspon-
ding legislative proposals are described in.more detail in
Appendix 5.

~As of May 1, 1978, the current status of these bills is
as follows:

| S. 977 has become H.R. 5146. The language in the Housg
'bill is essentially the same as iﬁ‘the Senate bill. H.R. 5146
has been placed on the calendar but has not been Vote& on. It
came out of the Energy and Natural Resources Committee on |
July 25, 1977. S. 489 was introduced in the 94th Congress.
and is Curfently not being considered. S. 1927 has been referred
vto the Senate JudiciaryACommittee and hearings were held in the

Antitrust and Monopoly Subcommittee in August 1977. No further



TABLE I-1

ALTERNATIVE LEGISLATIVE PROPOSALS

"EFFECTS

All giior Existing Future CORRESPONDENCE
011l Cos. - Holdings Acqui- | LEGISLATIVE
CONCEPT. Cos. Only Only “sitions| TROPOSAL
Divesti%g;g‘- Total X X X Formerly S. 489
Divestiture - Major , ' $.1927
(DM) X X X
Restraint - Total : X Potential
(RT) X |
. . : H.R. 5146 ,
Restraint - Major (Formerly S.977):
~ (RM) X X . ,




action has been taken. The total restraint concept may be the

result of hearings held by the .Subcommittee in the Spring of
1978.

The Report Outline

.The issues, methodologies, and results aummarized above are
explained in detail in the rest of this report and its various
:appendices.A Volume I of tnis report is divided into two eections-—
Section 1 and Section 2. ‘Section i'explains the methodology,
model changes and results of the PIES runs and serves-as.the
basic presentation~of-the way in which the study was done.
Section 2 of Volume I is a more.detailed theoretical analysis
of the horizontal divestiture issue. IChapter‘l-Z presents the .
study methodologyiandlunderlying assumptiona upon whieh this study
is based. .This chapter and its referenced appendices document
in great‘detail eaChvstep undertaken to properly develop,
-supplement, and alter available-data used'in this study.v‘Caveats
and suspected blaseq are also dlscussed |
| Chapter 1-3 prov1des a brlef descrlptlon of the theoretlcal
background underlying ‘the spec1f1c model perturbatlons. Chapteri
1- 4 presents ‘the scenarios which were developed based on legis-
lative proposals The framework in whlch‘lmpacts and comparlsons
between these scenarios are made is also dlscussed |

Finally, in Sectlon 1 "Chapter 1-5 presents the results of
this study. It is important to. note that no ‘direct policy
conclusions are drawn,here. We only Specify the results and
any.implicatidns must-Be viewed in a ‘broader context con51stent

with the other areas of analyses on the divestiture issue.



Section 2 of Volume I is divided into two parts which provide
a mbre detailed theoretical analfsis of the issue of horizontal
‘divestiture. These two parts attempt to place the issue of
horizontal divestiture within the proper context in the theory
of the firm, while at the same time maintaining a consistency
with the realities of the diversification of oil companies into
the coal industry. The-anhlysis of Secliun 2 also.focuses upon
optimal depletion theory and the impacts of divestiture on
depletion of coal resources.

Other volumes of this report, especially Volume 11, Technical
Appendices, are provided for detailed substantiation of the

technical aspects of data manipulation and model development.



CHAPTER 1-2
STUDY METHODOLOGY, MODELS, AND UNDERLYING ASSUMPTIONS

The sections in this Chapter describe the general appfdach
taken, the specific methodology and models used, and the assump;
tions underlying the study. Individual parts of the specific
methodology, especially the model modification process, are

further documented in referenced appendices.

General Approach

This study is based on ‘an analytical technique named
"comparative statics." This type of analysis allows explicit
comparison of the situation without intervention and with
intervention. It also allows comparison of alternative scenarios,
each against the same base or reference point. |

Specifically, we are interested in analyzing the impact of
horizontal divestiture on coal markéts through comparison of
equilibrium prices and quantities in 1985. These quantitative
market equilibrium4reéults are developed for the baseline and
alternative scenarios. This technique is illustrated graphitally
through a conceptual supply and demand frame&ork in Pigure I—i;
which reflects three different periods in' the comparative statics
approach.

In the process nf employing the comparative statics technique,
fdrccasts must he made of the future. Thevbasic reference point
for the study is the baseline forecast. A baseline forecast .

assumes that past trends and relationships will continue in the
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FIGURE I-1

GRAPHICAL ILLUSTRATION OF
" COMPARATIVE STATIC ANALYSIS FOR
: U.S. COAL IN 1985* . ‘
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* The curves shown here are not based on actual data.
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future. Therefore, it is a reference point, or benohmark,
indicating the situation which would'oocur in the absence of .
mandated horizontal divestiture. Legislative proposals which
would. cause differenf effecté in the future can then be compared
to the baseline forecast.‘ |

Baseline forecasts are always made utilizing,several-under-
lying aséumptions. The aséumptions should be explicitly identi-
fied to enable'individuals to fully'essess4the results of the
study. These assumptions are specified in later sections of this
report. - We begin in Period 1 with the supplyiand_demand4curves
S; and Sz which eXist io the adjusted baseline case..:Simplis-
tically,.a supply cuxrve is defined as those quantities which
would be forthcoming at various prices.'.Similarly, a demand
curve is define& as those quahtities'which would be demanded at
various prices;~‘These two curves are schedules of price/quanfit&
combinations. The sopply aod~demand schedulesAintereecf af Point A.
This defines the market4ciearing price and quantity (P and Qi).- |
at which supply and demand are iﬁ‘equiiibrium. '

While conceptually we can speak of curves, in the application
of this analysis,fo the modeling environment we are really obsefv-
‘ing points on a curve. These curves actoally exist for various
price/qoantity oombinations within the modeling frémework. However,
the graphlc depictions in thls section may not show the exact shape
of the curve on either side of those points.

Period 2 shows the supply thft (from sl to 52) wh1ch is the
direct result of a perturbatlon in a divestiture- representlng

Variable. This variab1e~changeAis'based'upon economic theory



and the particular scenario being run. All of ‘the initial per-
turbations of variables occur on the supply side in this analysis.
Horizontal divestiture, based upon this study, is primarily al
policy which impacts on supply. The demand implications are exclus-
ively on a feedback basis from the supply shifts. The shift of

the supply schedules is shown in the Period 2 diagram as an

example of some divestiture variable change which has the initial
effect of reducing -the subply (from Q; to Qp) for any given price.
One could also state that the same quantity of coal would now .
have a higher price in Period 2, relative to Period 1.

We begin Period 3 with an exogenous supply shift which the
market reacts to with a demand shift (from Dl to D2). This
represents the feedback effects on demand as a result of the
supply shift. An equilibrating process'is employed to converge
on a new equilibriuﬁ price and quantity. In the.process, there
is a new supply shift to $3. (Actually, we do not observe all
of the $3 curve; rather, we observe the new ecquilibrium Puint C
which we know is not on Sz). The new interaction of demand and
supply is at Point C with a corresponding new price of Pz and
new quantity of Qz. For tﬁe purposes of this study, we are inter-
ested in comparing Py and Qi to P3 and Q3. |

There is a direct correspondence between our methodology and
this three-period conceptualization.‘ Period 1 represents our
baseline PIES run with all its underlying data collection, model
modification, and assumptions embodied ‘in it. Period 2 corresponds
fo the situation where we perturb a Coal Supply'Mddel variable,
re-run the model, and produce a new set of supply curves. Period.
3 is the new equilibrium PIES solution based upon a fe-running
of PIES with the shifted supply curves as a new input.
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It should be nofed that every attempt has been made to develop
forecaéts, for both the baseline and the alternativeé scenarios,
which are correct in an absolute sense. That is, the numbers
which are forecast for 1985 under each alternative scenario are
the best ones available based on current information and the
underlying structure and assumptions. However, the relative
impacts are more important than the absolute values. Because
of the structure of this study one can placé-more confidence in
the relative impacts since the comparison is between
alternative stenarios; each to the baseline case. This methodology
has thé desirable property that it standardizes, or normalizes,
the underlying results. Therefore, the relationship between the
baseline and any bne scenario can be evaluated relative to the
relationship of the baéeline to another scenério. Therefore, in
ranking thé various legislative proposals in terms of their
impacts, one should place more emphasis on the ordinal ranking
of these impacts. |

| In addition to the comparative statics approach, the analysis
and results are embeédded in a model framework.  The modeling
forﬁat is appropriate for this study for a number of reasbhs.
First, it was important that the results Be embedded in a modeling
framework allowing for equilibrium coal consumptidn solutions.
To accomplish this, rather sophisticated engineering and
econometric models of the coal and substitute fuel sectors are
required. In the time and with the Tesources available, these

models could not be built de novo.
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Further, a new model might not have been necessary or desirable
if resources were available. The Department of Energy has spent
several years and substantial resources to build several "state-
of-the-art'" models. Those models, which are primarily econometric
ones based on engineering estimates, were developed and improved
over.a long period-of time and they still should not be viewed as
perfect. However, they have been used as a basis for a large
number of analytical and policy studies within and outside of
DOE. WHhile improvements can still be suggested, they have
stood up well to critical scrutiny.

Thcse models are well-suited for the purposes of this study.
They are available and they do portray the-ﬁarkets by contéining
a larée amount of information and relating it fo other sources
of information. The results of this study, as long as the assumptious,
changes, and modifications are clearly defined, can be used in a
consistent fashion with other analyses based on these models.

This result is useful, not only for the stud& of the issue of
horizontal divestiture, but also for other analyses in the&érea
of competitionAand coal.

We have attempted to develop a system whereby the model frame-
work we have used, and -the ownership modifications we have built
in, will aliuw DOE analysls to have a capability to use the National
Coal Model and PIES. We have taken extra measures along the way |
to thoroughly document each step of our procedure and to try and
‘train DOE analysts to use this as a_ tool. This system approach has
a further advantage in that it is very flexible. If-some major

change in energy markets occurs in six months which could not
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have been forecast in this study, the.modification can be made
to the model and all of the results re-run and re-evaluated
easily. Other scenarios which DOE staff members develép'can
be tested quickly and conveniently.

Finally, thé issue of horizontal divestiture is especially
controversial. We feel that the use of engineering and econo-
metric models in the fashion which we have used them can lend

credibility and objecfivity to this type of issue.

Methodology

The methodqiogy which evolved from the above philosophies
and constraints allows us to use sfructural'models for simulation
of horizontél divestiture policies. This methodology was developea
in conjunction with bOE personnel; Much of the work involved was
experimental and a large numbef of innovations were required at
eachAstep.‘ A brief step-by;stép summary 6f the methodology
follows: |

A. Collect data on coal production and.
reserves based on ownership.

B. Modify the supply model side of the National
* Coal Model and its input data base to allow-
for the explicit introduction of ownership as .
a new dimension.

C. Run the Coal Model tohproduce two sets of
supply curves: woil-owned coal, and non-oil-
owned coal.

D. Develop and implement a computer program to

merge the two sets of supply curves in fashion -
consistent with downstream uses of the data set.
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E. Compress the resulting supply curves from
192 coal type/region supply curves into
50 supply curves which can be read into PIES.

F. Run the supply curves through the PIES coal
preprocessor and main models.

G. Develop an initial set of scenarios and hypo-
theses regarding horizontal divestiture which
can be tested using the Coal Model.

H. Change assumptions, initial values, etc. in
the Coal Supply Model to represent each of the
specified scenarios or hypotheses.

I. Run the modecls for each hypothesis Lo generaté
a new set of supply curves and a new PIES run.

J. Compare the baseline case to the alternative

scenarios and perform a comparative static analysis
of the results. '

These individual steps are discussed in more detail below.

A. It was necessary in the analysis to be able to identify
ownership of reserves. Without this basic information integratéd
in the model, it would have been difficult to study the issue of
horizontal divestiture using the econometric framework. The
first step in that process was to.collect additional data on-
coal production and ownership of reserves. This information
was collected from a number of sources and judgmental deécisions
also made where gaps exist.

It was necessary to have information on the various types of
coal and the specific locations of the coal reserves owned by nil
companies. These data were available in an incompleie form from
publications of the Bureau of Mines (BOM), the Federal Trade
Commission (FTC), and the Keystone Coal Manual (Keystoﬁe).

The exact methodology pursued in assigning reserve

to ownership categories is explained in Appendix 2. However,



a brief step-by-step summary of that process is included
below.
1. Identify coal companies owned by o0il companies.

2. Identify the existing mines of these coal companies
which are owned by o0il companies.

3. Obtain information about each mine; such as pro-
duction clasg, life nf mine, and when opened.

4. Fill gaps in the data by applying Judgment and
decision rules.

5. Calculate needed reserves of all the oil companies’'
mines by state.

6. Determine coal reserves by company and by region
based upon the FTC survey and Keystone data.

7. Separate, from total reserves owned by a company
in a region, the amount tied up in production.
The residual will represent reserves in that
region for that company which are not currently
in production.

8. Distribute those reserves among the states in
the region. :

The above process reliee upon information obtained from Key-
.stone, BOM, and the FTC survey and also relies upon judgmental
decisions which were necessarily made during the process vl
developing the data set.: Many problems which existed witn the data
and decision rules have been explicitly stated in Appendix 2. |

B. The Coal Model and input data base‘were modified to
allow for the explicit introduotion of ownership as a new dimen-
sion in the model. This particular step required some asSistance
from-the Office of Coal Analysis in DOE. The current input data
base was split into two input data bases: one reflecting reserves

owned by o0il interests, the other reflecting non-oil-owned reserves.
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C. Once the above changes were made, two sets of
supply curves were generated. This step involved running the
Coal Model once for each input data base. Each of these sets
of supply curves represents the supply which would be forth-
coming at various prices for each of 192 coal type/region pairs.
bne set is based upon cdal available from oil-owned assets only;
while the other is baséd on coai.available from non-oil sources.

D. A computer program was written to merge;.sort, and
identify, the o0il and non-o0il supply curves. This iéla four
hundred line program written in FORTRAN and currently operates
on DOE's computer system. = The program is fully documcnted, and
a listing of it is provided in the .volumc of this repourt eﬁtitled
ComputeriDdcumentation.‘ The associated controul program and
instructions for running it are also.included in that volume.

The pfoduct of this program is a new set of supply curves
representing a mix of observations of vil-uvwned and non-oil-owncd
mines. These supply.curves are conceptually identical to the ones
-produced before the separation of ownership task was undertaken.
However, the new supply curves allow for identification of o0il-
owned versus non oil-owned coal assets.. Because the supbly curves -
are based on input data which are separable by ownérship, differéntial
characteristics can be ap?lied to the two sets of data and the
assumptions related to each. These assumptions which can be
changed include rate of return, wages, and cost of capital and
other ¢conomic variébles. | |

E. The above merged supply curve data set was built with the

additional constraint that it must be compatible with PIES. There-

fore, the merged data set was run through a compression program
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written in GAMMA. Thelresulting supplyvobservationSAreprcsenf
50 supply curves. These cﬁrves are consistent with PIES and
are essentially summations of.various coal typesAand regions.

F. Once this set of curves has beenlgénerated the PIES |
Access group within DOE can run these curves thfough the coal
preprocessor and the main PIES models. This step of tﬁe
procedure was done entirely by DOE personnel. The resulting
PIES ﬁWonder Cookie" reports wereAchecked by them for gress
~errors or inconsistencies and given to us for interpretation
and analysis.

G. Those scenarios and hypotheses regarding horizontal
divestiture which we Qished to test using the models were deve-
loped. Two steps were involved in this process. The first oné‘
was to identify those scenarios and hypotheses based upon theoret-
ical and empirical arguments founded in economics. - The scenarios
héd to be based upon the most likely legislative policy préscriptions.

The second part of the process involved the representation of |
these hypotheses and scenarios in the context and framework of
‘the modéls. This representation aspect was én important step |
'whith effectively constrained the nﬁmber énd types of hypotheses
which could be tested.

H.- Once it héd been determined what §hould be changed in the
model, these changes were carried out. The changes involved
changing variable assumptions and re;runningvthe éeries:of models
necessary to arrive at the end result which was a PIES run. 'A‘

.1list of variables which were potentially available for change in °
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the models is available in Volume III. A new set of
changes was required to represent each new hypothesis or
scenario. A

I. Once the changes were made, the series of models were

run again in the same fashion as produced the first set of

supply curves. The new sets of supply curves represent the
situation which would obtain if the hypotheses which we have
developed and structured within the model come to pass. At the
completion of this step, onc baseline set of results and several
other sets of rcsults were available.

J. At this step in the project, we were in a position to
perform a comparativc static analysis of these results. We
ultimately wanted to compare two situations. The first situation
was a forecast of coal consumption and prices in the absence of
horizontal divestiture legislation. The second situation was oune
in which some form of horizontal divestiture legislation has been
passed and there had been some effect on the price ur quantity of
coal because of this law. Once these two situations were
modeled and run, the two outputs were used to interpret the
‘results based upon the scenarios run,

The next sections provide an overview descraiption of the two
major models to be used in this study. Volume II of this report,

the Technicral Appendices, provides further specific details relating

to these models.

1-22



The Models And Their Relationship

The Department of Energy has been at the forefront of the
‘movement by government agencies to use econometric models for
policy evaluation. Since 1974, large amounts of resources
have been committed to the development and use of these models.
The PIES model as déscribed below represents the prime example
of this developmental work. However, a great deal of effort |
has gone into the satellite fuel models which feed into the PIES
model and are considered by some to be a part of the PIES model.
The Natioﬁal Coal Model is a DOE model which stands alone and
is used for analysis of coal policies. However, the supply
portion of the model is also used as an input into PIES. This
sectidn concentrates on the Coal Supply Model (which is the
supply side of the NCM) since the changes that have been iden-
tified thus far all enter from the supply side. The Coal Supply
Model 1is the satellite model which must be changed in order to
run policy scenarios either through the National Coal Model or
through the PIES model.

The Coal Supply Model generates approximately 190 supply
curves based upon a state levelvbreakout of reserves and 40
different coal types. Four of the heaviest coal producing
states are divided up into two regions. Once these supply
curves have been generated, they can be used as input into the
National Coal Model or as input into PIES. 1If they are used
as input into PIES, they must be run through a compression
program which will aggregate the Coal Supply Model regions
into the PIES supply regions. Figure 1-2 shows a simple

schematic of the relationship between the various coal models.
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The'methodology does not utilize the demand sector of the
National Coal Model which, as an entity, inciudes the Coal
Supply Model. We have not analyzed the demand side and inte-
grative mechanism used in the Nationel Coal Model since they
were not employed |

The coal supply curves generated by the model are cost-based
and take into account the relevant physical characteristics of
coal. The following is a point summary of the methodology used
to generate the coal supply curves. 1/
| 1. Begin with BOM's demonstrated reserve base estinates

of coal tonnage and quallty characterlstlcs by seam
and county,

2. A551gn reserves to coal supply reglons

. A551gn reserves within each reglon to product classes,

Eliminate neg11g1b1e reserves,

7, B ~SE 3N

Estlmate existing mine production and reserves
commltted to existing productlon,

6. Allocate uncommitted strippable'reserves to overburden
ratio categories, A

7. Allocate uncommitted deep reserves to seam thlckness
and seam depth categories,

8. 'Allocate uncommitted reserves_to‘mine size categories,
9. Assign production estimates to mine-types,

10. Estimate minimum acceptable se111ng price for each
mine type,

11. Arrange mine types with associated production‘levels
in order of minimum acceptable selling prices.

Each of the above points are explained in detail in Appendix 1

of Volume II.

1/ This summary of the methodology is taken from the FEA
document, Coal Supply Analysis, May 1976. This point-by-point
summary refers to the general methodology and is still correct
‘even though modifications have been made 51nce the time that

‘document -was- publlshed
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The Coal Supply Curves

The supply curves generated by the Coal Supply Modei are
representations of the potential production levels available,
at various prices,‘of a gifen type of coal in a given region.
Figure I-3 is an illustrative example of one coal subply curve
for one region and éoal‘type pair. This supply curve is a
multi-stepped function where each step represents a different
mine type.' The height of each step represents the minimum
acceptable selling price for that particular mine type. The
length of each step represents the maximum annual production
that the demonétrated reserve base could sustain from that
particular mine type for 20 years.

Included in the supply curves are two kinds of prodqction.
The first kind of production is from existing mines and would
be represented in the first steps of the supply curve. The
other kind of production is potential production from new mines.
The minimum acceptable sélling prices represent a price which
is based upoﬁ operating costs plus a recovery of énd return on
invested capital. VFor those mines already in productioﬁ, the
minimum acceptable selling price will be relativeiy lower becagsei
mines which are élready open have sunk capital and will rationélly.
operate as long as they can cover variable cost. For new mines,
the necessary capital will only be invested if there is an
adequate rate of return on investment.

The type of supply curve generated by this model assumes
that the reserves will be developed:first which are attaéhed to

the least costly mines. That is, within the same geographical
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area, for reserves of the same quality, they will be developed
in ordér of mining cost. The assumption implies that in the
long run, the coal industry is reasonably competitive and
efficient. This is not to indicate that market imperfections
do not exist. Short-term imbalances between Supply and demand
are possible. and have occurredAin past pefiods such as 1974.
The price of coal, however; in the long run does éppear to be
cost-based in the sense that ‘long-run contracts generally: |
reflect costé of production.

These supply cufves‘also have the assumption embedded in
them that no major new technologies will be developed in the
time period before 1990. This is not to say that new techﬁ010'
gies will not be developed, but thgy'wili ndt be iﬁ widéspfead
commercial use during the time ﬁeriod mentionéd. Therefore,
the mine types shown heré are based upon current technology for
mining coal. The costs are also based upon current factor costs
and productivity aithough there is a degree of flexibility for
change within the model.

. _This "fixed technology"‘assumptionlis not>especia11y restric-
tive for the problem at hand. The reason for fhis'is'thuf
sevcralnyears of testing (pfobably at least five) would be
requifed before major changes in mining 3systems would be widely
adapted for new mines. Assuming that'thé current devclqpment.
period of four to séven years persists, new technologies would
not be present in new mines until a period after 1985. 1If the
perind betwecn 1985 aud 1990 were to be analyzed, adjustments

would be necessary. New technologies would start to be in



widéSpread commercial use during this time'ﬁeriod. Since we are
interested in ahalysing the period betweén 1980 and 1985, this'.
does not present a probleﬁ. There are other assumptions which
<are explicitly in the model'which are specified in a later
section.

Project Independence Evaluation SYstem (PIES)

The’Project.Independence Evaluation System (PIES) is a
compiex, iﬁtegrated,-modUIariiéd computer model developed by
the FEA, now DOE, to analyze energy.policy. ' The model predicts
;he state of the energy‘sectof of the U.S. economy in 1985 andl
1990. . Thé‘relationship of satellite models, such és the Coal
ASuppiy Model and PIES, is presented in Figure I-4. |

For each of the ten DOE eﬁergy regions, for the commercial,
industrial, residenfiél, transpoftatidn,’and minor fuels sectors,

PIES determines supply and demand équilibrium for the following

fuels:
electricity steam coal :
natural gas ' -metallurgical coal
residual oil : . liquid gases .
gasoline - ' other petroleum products
distillate oil jet fuel

PIES determinés‘the‘sohfcés of these fuels, the méphods of
converéion for end-use consumptioh, and inter-regional transfers
of fuels necessary for final sup§1y¥demand equiiibrium;, PIES
also delails import requirements forA19 crude types andAseven
0il products. | |

The PIES. model is composed of three different model systems:
a collection of econometric models which predicf demands for

each fuel by sector, by geographic region; a set of supply
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FIGURE 1-4
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representations--supply curves--for each fuel; and an integrat-
ing mechanism which solves, with- the use of linear-programming
- (LP), the partial equilibrium solutions. Below we briefly
describe each of three segments of PIES, with a mére detailed
description to be found in Appendix 4.

The Regional Demand Forecasting Model (RDFOR) is a part of
PIES and represents a set of demand equations which provide
annual estimates of quantities demanded, prices, and price ana
income elasticities of demand for 30_fue1/sector pairs for each
of the ten DOE regions from 1977 tb 1990. Fuel choices are
price-sensitive,.price induced substitution is uninhibited,
and dynamic adjuétments to changing fuel prices and economic
conditions are incorporated into RDFOR.

Exogenously.determined macro variable forecasts, parameters,
and initial prices and quantities are combined within RDFOR to
define'points on a demand surface. Slopes and elasticities are
determined through price perturbations of 1og—1inear1y:sp¢cified
equations. DFACE, a Demand Interface Program transforms the
output of RDFOR into a format suitable for pse by PIES. -

For residentiél, commercial, and industrial fuel - demands;
two equations are specified. The first re1ates the total use
of fuel to other goods and services in the economy. The second
analyzes the distribution of-this total'fuei demand between
different types of fuels. Geometric distributed lags are used
to éxtend the demand relationships to include dynamic ‘adjustments.

The demands for fuel in the transportation sector are modeled

by end use. The major components of transportation‘fuel‘demandA



are auto and non-auto highway gasolineAfuei. Rail diesel fuel
and commercial jet4fue1‘are also determined within RDFOR.

| Demands for natural gas, liquid gas, and coal in the raw
materials .sector, the comﬁercial‘demand for aephalt and liquid
gas, induetrial petroleﬁm gases and metallurgical coal, .and
household/commercial demand for coal are modeled in a separate
category. EXcept for the commercial demand for liquid gas,
price is not an independent variable. Rather, demand 15 a func-
tion of industrial value addea, time, and lagged consumption
variables. | |

There are eight supply modules analyzed within PIES;A

Coal o Utilities

0il : Emerging Technology
Gas : Transportation
Refineries . Imports

Representations of supply are constructed using production models
based on corporate finance and operation's research techniques.
The coal, oil, and gas module are similar in design. The
refinery module highlights the transportation and conversion of crude
0il to final products by region of the country. The utilities
module focuses on the building of new plants and the operation
of new and existing'plants, by region of the country. Capecity
constraints for base, intermediate, and peak demand loads. are
estimated and the average cost of eleclricity to the custoﬁer
is-calculated. Synthetics, nuclear fuel, and shale make up the
emerging’ technology module. Conversion, transportation, and |
neceesafy subsidies paid producers of expensive fuels are

included in the analysis. Transportation supply includes: coal



by barge and rail; natural gas by pipeline; crude oil, gasoline,
‘and distillafe by pipeline.and barge; and residual oil by barge.
The costs of the links between modes are carefuliy considered
in the module.

The impact supply module takes bﬁndles of crude oil as they
arrive at refihery regions and prices them for transportation
module use. A

The Integrating Mechanism qf PIES equilibrates supply and
demand for each of the fuels considered and determines final
prices;and quantities sold. RDFOR provides estimates of prices,
 demands, and elasticities to the‘integrating mechanism.‘.Step
function approximation demand curves are constructed--each step
indicating a range of quantities demanded at a specific price.
Supply curves generaféd individually in their own modules are .
equilibrated to demand and equilibrium prices and quantities .
determined. If demand and supply are not equal at initial prices,
the demand cruves are re-approximated with altered prices andl
the equilibration'process is renewed. A final solution results
'ﬁhen the difference between prices for two successive iterations
is less than or equal to two percent or 15 iterations have occurred.
When.supply equals demand, consumer's and producer's surplus is
maximiiéd'and there is an optimal solution.

After initial demand curves are constructed, prices and
quantities are adjusted to model natural gas regulation. Inter-
temporal'consistencyrwhen calculating the amount of new utility
and refinery capacity is also guafanteed through the ﬁyﬁamics
of the model. Mafkups on electricity are also included in the

integrating mechanism.
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There are several different scenarios which can be imple-
mented in PIES to reflect current and probable future policy
considerations. Each scenario, along with changes in the price.
of imported o0il, provides PIES with great flexibility in con-
sidering different states of the energy economy.

The impact portien of this report highlights the output of
PIES. An output report begins with a listing of the supply
modules, has a Table bf Contents, and finally the output.' Fore-
casts of aggregate quantities of distribution of supply to demand
with selected growth rates from 1975 folluw. Except for oil,
the quantities represcnt annuual production or c0u>umption.i 0il
and oil products.are given in fhousand barrels per calendar day.
Following these rquantity tables are demand sector prices and

marginal prices in demand, utility, and refinery regions.

Assumptions

All analytical studies are necessarily bagsecd upun explicit
and implicit assﬁmptions. Any complete evaluation of the results
of such a study must take into account these assumptions. In
the case ot studies used as an analytical foundation for policy
decisions, it is imperative that éll assumptions be identified.

In this study; there aré three broad classes of underlying
assumptions. First, there arec those assumptions directly re-
lated to the individual scenarios. Thesé assumptions will be
specified in detail in the next chapter of this feport dealing
with scenarios and impact éstimation. - Second, there is a set.
of assumptions related to the models used in this ‘study, partic-
ularly the supply portion of the National Coal Model. Third,
fhere are assumptions related to the mefhodology used to intro-

duce ownership into the models.
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National Coal Model Assumptions

The supply curves at the diéaggregated level for both oil-
owned and non-oil-owned coal were generated by the supply side
of the National Coal Model. The basic supply mechanism is embodied
in the Reserve Allocation and Mine Costing (RAMC) Model.

There are several underlying assumptions related to the Model.
Most of these assumptions are conceptual in nature and are related
directly to the structure of the model. Therefore, they are implicit
assumptions which cannot be changed without major alterations to

the model. It is still important to identify the implicit assump-

tions, however.

The basic, conceptual assumptions upderlying this supply
2/

analysis are as follows:

o It was assumed that the reserves of the same quality
within a geographical area generally are developed
in order of mining costs, i.e., the least costly to
mine reserves are developed first. This assumption
implies that the coal industry is reasonably competitive
and efficient in the long run. Since the reserves of
coal -are vast and the ownership of coal reserves are
widely distributed, no single produccr should be able to
increase the cost of coal above actual costs ( including
a return on capital) of the marginal mine. Any attempt
to increase the cost of coal above marginal mine costs
would be undercut by other producecrs able to open new
mines and still earn a market return on investment at
the artificially established price. 3/

~ _2/ These basic assumptions were taken directly from a report en-
titled Coal Supply Analysis done for the, then, Federal Energy Admin-
istration, Office of Coal, Nuclear and Electric Power Analysis,
Washington, D.C. This study served as a foundation for the coal
supply portion of the National Coal Model and was done by ICF, Inc.
under contract No. CO-05-50198-00, May, 1976.

3/ Certainly, market imperfections exist and short-term imbalances .
between supply and demand are possible as demonstrated by the high
spot market prices in 1974. However, the long-term contract prices
appear to reflect production costs. Hence, coal from the last new
mine to be opened should be priced at what it costs to produce the
marginal ton rather than at a BTU equivalency with the next cheapest

alternative fuel.
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It was assumed that no significant change in coal mining
technology will be in commercial use at a significant
scale by 1990. The mine types used in the supply curves
are based upon current mining technology. The costs for
each mine type also are based upon current factor costs and
productivity. Given that several years of testing (probably
at least five) would be required before major changes in
mining systems would be widely adoptéd for new mines and
assuming that the current development period of four to
seven years persists, the earliest we would expect new
technologies to make an appearance in new mines would be
between 1985 and 1988.

1t was assumed that the cost of mining a ton of coal from
a given reserve can be approximated knowing only two or
three seam and mine characteristics. We estimated costs

as functions of two factors for surface mines (overburden
ratio and mine size) and three factors for deep mines -
(seam thickness, seam depth and mine size). Although these
factors appear to be important, other geological considera-
tions such as roof and floor conditions, gassiness and
pitch of scam may be just as important. However, the

cost functions that were employed could not be expanded

to consider these other factors in the time available for
the study. Indeed, the factors that were employed may

have required pushing available data beyond its validity.

It was assumed that step functions are good approximations
of the long-term price/supply relation for coal. Long-
term coal supply curves conceptually are an attempt to
quantify the relationship between the reserves that are in
the ground and the costs and rates at which these reserves
will be made available. The multi-step supply curve allows
us to relate each price and associated production level to
a specific mine type. The costs related to each mine type
can be evaluated explicitly since the data and assumptions
upon which they were based are presented in the section on
methodology. Similarly, the data and assumptions upon
which the production levels were based are presented in
the section on methodology.

It was assumed that well specified, multi-step coal supply
curves adequately represent the supply function. Multi-=step
supply curves are logically sound since: (a) production
costs will increase for deep and surface mines as the best
reserves are depleted, (b) the model is allowed to deter-
mine the mix of mines on the basis of cost minimization
rather than having the mix set exogenously based upon
industry expertise. Second, only by making the data and
assumptions that went into the curves explicit can reviewers
comment intelligently on the curves.
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In addition to the above general assumptions, there are
severalAspecific assumptions regarding mine costs, wage rates,
recovery factdrs; etc. which are detailed in apﬁropriate
appendiées. Some'of‘these economic variables are flexible
enough to be changed quickly. As an exaﬁple, the rate of return
(ROR) can be changed from its assumed 8% to any othér hypothesiied
value and the model can then be rﬁn'to'show the sénsiti?ity of the

results.

PIES Assumptions

The main underlying assumptions of the PIES model depend on
the series‘of proﬁections. The projections consist of six series
labeled A, B, C, D, E, and F. EachAseries‘differs in assumptions
about domestic oil and gas supply, the general economic activities
affecting energy demand aﬁd fhé world price of crﬁde oil.

The series are as follows:

A. High supply, high demand, constant world oil price

B. Low supply, high demand, constant world oil price

C. Mid-supply, mid-deﬁand,_constant world oil pfice

D. High supply, low demand, constant world oil price

E. .Low supply, low demand, constant world oii'price

F. Mid-supply, mid-demand, 5% annual increase qf world

0il price during 1980-1990

The range of oil and gas_supply i; dérived from low, mcdian,
and high estimates of reserves taken from the U.S. Geological |
Survey (Circular 725) and appears in Table I-2 below. Thé range
of economic vafiables affecting demand is derived from those .
vforecasts from DRIf | |

CYCLELONG, TRENDLONG AND CEASPIRIT (Shown in Table I-3)
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TABLE I-2

RANGE OF DOMESTIC OIL AND GAS SUPPLY
(Thousands of Barrels Per Day/Millions of Cubic Feet Per Day)

LOW MID ' HIGH *
1985 1990 1985 1990 1985 1990

Lower-48 On-Shore Oil 5485 4084 5977 5108 6547 6662

OQuter Continental

Shelf 0il 1000 938 1044 | 1014 | 1083 | 1079
Alaskan 0il 1835 | 1856 1916 | 2352 | 1916 | 2381
Shale & Synthetic

0il 47 188 47 188 94 . 329
Total 0il 8367 | 7066 8984 | 8662 | 9640 | 10451

Lower-48 On Shore 0Oil 32416 | 26647 34997 | 32838 | 40679 | 35970

Outer Continental :
Shelf Gas 7403 6677 7797 7603 7937 8189

Alaskan Gas i 2085 2997 3030 3890 i 3096 4342
i i |
Synthetic Gas 2389 2374 2389 2734 ' 2523 | 33153
' = !

Total Gas 44893 | 39055 48213 47065_554235 | 51816

i !

%LOW = 05 percent probability of recovery, MID = 50 percent

probability of recovery, HIGH = 5 percent probability of recuvery.
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"TABLE 1I-3

MACROECONOMIC VALUES

IReal Popula-
Gross Industrial §(per capita) (E;ggal
National Value iDisposable Percent
Product Added ‘Income Growth)
(Billionms (Billions . (Thousands
1978 §) 1978 $) 1978 $)
HIGH MID LOW HIGH MID LOW gHIGH MID LOW | ALL
1985 2761 2715 2623 1093 1060 1022 58.1 8.0 7.8 .87
1990 3191 3159 2960 1320 1309 1191 !9.0 9.1 8.6 .90 :
i

Other key assumptions for all

the projection series are:

o Continued control of domestic crude o0il prices and

the entitlements program according to the Energy Policy

and Conservation Act (EPCA);

o Continued regulation of the price, transportation

tariffs and distribution priorities of natural gas

so0ld to interstate pipeline companies according to

Federal Energy Regulation Commission'guidelines;

0o Current Quter Continental Shelf leasing schedules from

the Department of Interior through 1981 and 4 sales

annually of $300,000 acres each thereafter,



Model Modification Assumptions

In the process of adapting the coal supply analysis for use
in this study, it was necessary to introduce the concept
of ownership in the model. Prior to this study, the concebt
of ownership had not been dealt with in the model. Therefore,
much basic.analysis and data gathering had to be undertaken
and a complicated methodology developed to modify the model.
This methodology, which was explained in detail above, was
developed in conjunction with the Office of Coal Analysis at
the Nepartment of Euergy. There were a number of decision rules
Aand as;umptions which had to be developed and applied at each.
step uf~the‘methodology. Some of these assumptions and decision
rules are based ubonvsubstantial'analysis, while others afe
based primarily upon expert opinion and intuition from analysts.
Some of these decision rulers and ussumplivns may be controversiai,
therefore, it is important to identify all uf these. Thc assuip-
tions aré summarized below. For a more detailed analysis, the
reader is referenced to Appendix 2, the Coal Supply Model

Modifications.

o The information contained in the 1977 Keystone Industry
Coal Manual is assumed to be accurate with regards to.
coal production from mines and the ownership of operatlng
coal companies by 0il companies.

0 Itl.is assumed that necded or committed coal reserves are a
function of annual production, expected life of the mines,
and .recovery factors. A discussion of these specific
factors assumed is provided in the appendix on the
modification methodology.

o It is assumed that the oil companies surveyed by the
Federal Trade Commission and their reported demonstrated
reserves are representative of the universe of demonstrated

reserves owned by o0il companies.
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o The o0il companies have no coal reserves nor production in
states other than those included in the model

o The demonstrated coal reserves owned by oil companies )
were allocated to states based on information on -location
of production in Keystone and from information on lease

ownershlp

o In some cases it was nece$sary to assume that the demonstrated
coal reserves with regards to sulfur/BTU categories,
reflected the geological dlstrlbut1on that currently
exists for each state.

o State committed reserves and production were categorized
into sulfur/BTU groups using information from Keystone on
the geological characteristics of coal seams unless direct
“information was given for each mlne. :

o All current productlon by 0il companies was classified as
’ contract mine productlon :

Caveats and Limitations

Because of the nature of this study, there are a number of .
caveats which should'be taken into account when'Utilizinguthe
results of this study. First, it should be.remembered ‘that thie
study looks at one particular_aspect namely, equilibrium price
and quahtity in-the eoal market. Thia‘is only oné aspect of "
the horizontal divestiture impact: This studf“has'tried to
include some- 1nterpretat10n of the other costs 1nvolved However,
1t should be remembered that this is not a total cost/beneflt
stuay on the issue of horizontal d1vest1ture.' The comparative
static approach is a powerful one but 1gnores the process of
adJustment from the old equ111br1um to the new one. - It also
ueglects thc t1me elemenf assoc1ated w1th that adjustment
process. The transactlon cost of se111ng off resources as.
shown inAa case approach to the divestiture issue would no
doubt'he'significant; ‘Theée,coste must be included in a full-

'scale cost/benefit evaluation.
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For that reason, the results of this study alone cannot be
used as a recommendation for or against horizontal divestiture.
The results of this study need to be used in conjunction with
some estimates for each scenario of the costs of divesting and
the costs of limited future investment in the industry.

" Throughout this study we have been forced to make many decision
" rules and base analyses on less than perfect information than
would be optimal. Under ideal conditions, each of the decision
1ules and'methodologies would be based on detailed iﬁformation
as to the exact nature of any bias that may be introduced by them.
Or, sensitivity analyses would be performed on every controversial
or varying assﬁmption in the study. Time and resources did not
allow for either one of these options to be tompletely fulfilled;
Decision rules and methodologies were based on the besf available
information at the timc.. Tf any rcsult appears to be particularly
sensitive to any one of the decision rules théy should be weighed
carefully. |

Our overall approach to forming decision rules has been to
use the best data and judgment availahle and to insurc ‘that the
decisions were consistent with our intuition. Using this guiding
philosophy, it was hoped that the aggregate results for broad
areas ﬁould be roughly consistent with other studies. While
data for individual states or individual coal types may be at
variance with other published estimates, our decision rules
have resulted in what appcar to be reasunable results on a broad
basis. |

In those cases where the decision rule was considéred to be

a potential major problem, analyses were conducted to determine
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- the impact of choosing the decision rule. One example of this
type of analysis concerns the allocation of reserves among states.
The FTC reported reserves on the basis of USGS basins. This is
basically a regional level of aggregation where several states
are included in.one basin. In order to use this information in
the coal model, we needed the infofmation on a state-by-state
basis. We had planned to assign these regional reserves to states
on the basis of production and lease information. This appeared
to be the best method available given limited time and fesources,
There is some concern on DOE's part, and rightly so, that.
there was a chance that we were excluding states which have oil-
owned coal reserves because they don't have any produétion. It was
agreed-that this was possible and a small side analysis was
launched to determine whether this was a large bias being introduced

into the input data.

'In gencral, because of the way in which the data was ultimately
used in the coal model, this pfoblem is not a large one. As long
as the reserve information was roughly consistent on a regional
basis, the major problem'would be one state's reserves being

. assigned to another state. If one were interested in precisely
defining each staté's future production, this would be a more
serious problem, however, -the focus of the study was- originally
designéd-to be on a national level. At the request of DOE, we .
looked into the problem further.

We investigated whether oil-owned new mines or oil-owned
current mines with expansion plans existed in significant numbers

in states we were not covering. The first step was to look at the



Coal Mine Development and Expansion Survey published by Keystone.

That survey listed 21 states (23 regions) where new capacity was
forecast to occur between 1976 and 1985. According to our dafa,
bésed-upon the above decision rule, 14 states (18 regions) were
forecast to have o0il company reserves avéilablé for development.
Therefore, oh a state basis, fhere,wefe 7 states which we did not
.show 0il reserves for which were to have;new productiaon during
that period.

However, when one looks at thesé states, it.appéarshot to be a
proBlcm.! First, these states'aré very small coal producers, such
as Marylénd, Kansas,.Tennessee, étc. The Kéystone“data show that,

- for'theSe‘seVen étates, SéVenteen mines are projected.to-Be
opened.A This is out of a total of 315 new mines in all 21 states.
Fiﬁally,.on.further inspectién, none of these 17.mines are oil-

‘owned operations.

Therefore, in this particular exampie, our:decision.rule
appecared to be fairly arbitrary, bﬁt nohethelgss;:was demonstrated-
to be préper for the Way‘in whichlwe-were‘applying it. It must
be emphasized thét 1f these dafa are used in another study or
in énotheflfashion from the one in which we did, it may be
inappropriate; However, for all but thé most detailed'state and
coal type problems,'it is our opinion fhaf the data nﬁequafely,
represents ownership bréakouts.' One of our origihal ijeétives,was<to
apprpkimate the ownership.breakout on as micro a level és possible. |
ihis has been achieved and this result isvsupporfed by the fact
‘that, on a national level, our data éppeaf to be roughly consis-

tent with most other studies which have attempted to identify
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oil ownership_of coal. In the area of production, no one to our
knowledge has used the methodology we have.ﬁsed-to identify
owﬁership of specific categories of coal by oil cempanies according
to- Operatlng mines and commltted reserves. Again, we- feel that

the dec151on rules app11ed are reasonable and based on the lLest
information available. :

Confidence in the Study and Its Results:

In summarizing:this'chapter; we feel that the general epproach
used 1s a sound one end'the best.oneAaveilablepto answer the
questions:posed by DOE. We feel there are problems in the data,
_but that it is the best avallable The medificatioh process we -
vhave used may be. somewhat controver51a1 in some of its dec151on
‘Tules and Judgments applled. However, it was based on the best
infofmation aﬁailable-ahd produeed reasonable results.

While the results of this study appear to be‘valid we do not
Rgroup all aspects of the results 1nto the same level of confldence
'category. It is: 1mportant to try and estlmate “the level of
hcdhfidence that e senior dec1s;on-maker}cou1d reasonably apply
to “the resﬁlts.. _ |

| The result which seems most 11ke1y to be correct in this
study is the d1rect10n of impact. We are relatlvely confldent".
that the d1recf1ons of 1mpact between the basellnes with no 1nter-
ventlon and the - scenarlos with some form of d1vest1ture are

‘correct. These directional shlfts are supported by a 1arges'
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amount of economic theory, empiricism, and structured intuition.

Second, we trust the relative impact. That is, we trust
the relative differences between nrices and quantities between
the baseline and other scenarios or between the other scenarios
and themselves. We believe these are appropriate aﬁd adequate
estimates, given the models which were used and the data
available. However, one should place somewhuat less confidence
in them than in the pure directidnal change.

Finally, we would place thc least confidence in the absolute
forecast values, although they have value as working hypotheses.
In this study we have been interested primarily in orders of magni-
tude, relative impacts, and-broad directional'changes. We have

'attemﬁted to apply the best'data‘and models possible to come up
with a realistié forecast of the situation in the coal murket
with and without horizontal divestiture. However, because of the
data and methndology and limitcd time available, we feel that

the absolute prices and quantities that we have derived should

be scrutinized closely and used only as a working hypothesis.

In Eeneral; the forecast priées and quantities under divestiture
or any of our scenarios should only be evaluated in relation to
the baseline forecasts.

We have reported the results here in as much detail as possible,
i.e., we have reported the direction, the magnitude of the
change, and the point estimates. However, we have also attempted

to estimate the confidence level of each one of these.

1-46



CHAPTER 1-3

THEORETICAL ISSUES IN DIVESTITURE ANALYSIS

Classical economic theory has little to say dn the question
~of how divestiture will affect the coﬁduct and performance
'of firms in a particular indusfry. The.theory assumes that the
behavior of firms or industries is determined by conditions
that transcend the motives that different typeé of firms might
wish to pursue. An alternative grouplof'thedries of the firm,
'which may be referred to as discretionary or managerial theories,
does provide some insights intO'the question of the impacts of
‘divestiture.' However, these alternative theories are based
upon assumptions of firm goal pursuit which are sometimes difficult
to substantiate empirically. Therefore, one needs to make
alternative assumptions about firm goal pursuit in order to
evaluate different scenario§ of possible responses to-divestiture
by firms in both the'oil and coal industriés. Assumptions also
need to be made about the business mdtivation and discretionary
behavior of successor firms to divestiture.

We assume for the first scenario that oil companies have
the necessary discretion to choose policies that could differ
significantly from those of successor companies. Oil companies
may also possess different technological resources from successor
companies and may be .able to provide the means. for trahsferring»
through direct iﬁvestment into coal mining technology the exper-
tise that they have acqﬁiredlin their oil dperationS.A Thus,
there may exist some 'synergy'" between the technological,

administrative and commercial functions of the o0il and coal:
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companies. In addition, oil companies, being in general very
large, and operating under a financial posture that relies heavily
on extensive cash holdings, may have access to larger and/pr
cheaper supplies of capital than successor companies might have.
These assumptions imply that the behavior and performance of
successor companies and divested coal companies would be differ-
ent than in a non-divestiture situation. However, to rely upon
synergistic pbtential‘and the loss of synergy as an unintended
impact of divestiture requireé one;to forego the classic "tenet"
of profit maximization.

Alternative theories of the firm, e.g., growth or sales
maximization,Asuggest that diversification‘into an industry
~earning lower rates of return than might be earned in alternative
investments at the present time, might bc in the best inlerest
of the 0il company stockholders. If we believe that the large
oil companiecs, a3 firms, are administrative organizations con-
taining an assbciatidn of commercial, managerial, and teéhnolo—
gical resources, then the analysis does not- fit well in the
regular neo-classical framework. This view of the firm is more
in tune wiLh,managerialist or behaviorist outlooks.

Economic theory argues that a growth maximizing firm will
grow faster for a given operatlng profit ratc and will display
a 10Wer-r§ported profit rate than a firm maximizing~stockholdcr
welfare. O0il companies have made many acquisitions of firms |
-with mediocre performance records. This acquisition behavior
of oil firms is not inconsistént with an assumption of growth

maximization. Under this assumption, oil companies might acquire
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coal companies whose reported profit rates were lower than the
reported profit rates of other firms in other sectors of the
economy. _ |

Totai divestiture would have the effeét, assuming that the
successor firm is not managerially motivated to the same degree
that the. o0il company is, of raising the rate of return of the
coal company formefly owned by thé 0il company. This wbuld
cause an increase in the price of coal and a reduction in the
quantity available. - The '"synergy' and growth maximization,
assumptions are tested in the Coal Supply'Model and PIES System
by assuming that, before divestiture fakes place, coal companies
owned by o0il interests have a rate of return of 3%. After
divestiture, that rate of return 1ncreasés to 8%'which is the
rate of return for those coal companies ﬁot owned by oil
interesfs.l/ Capital and labor costs are also iﬁcreased~by 10%
for oil-owned coal firms. ‘

An alternative assumption or a factor working in the opposite
direction would be any tendency of o0il companies to reduce the
competitiveness of the pricing'process in the coal industry.
This would be reflected in a highgr rate of operéting pr@fit
leading in turn. to higher target‘returns and a general upward
shift in the indﬁstry supply curve. It would also Have the

secondary effect of causing'faster depletion. This would be

1/ ThlS process 1is described in more detail in Chapter 5

" and the Technical Appendicies of Volume II. The 3% figure repre-
sents a 5% perturbatlon in rate of return. The basic rate of
return. changeq reflect ‘an arbltrary plus or mlnus 5 percentage
point charge.
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represented in the Coal Supply Model and PIES Systems by assuming
a pre-divestiture rate of return for coal companies owned by o0il
interests of 13% and a post-divesfifure rate of return of 8%
coincident with coal companies whiéh are not owned by oil
companies. |

If the appropriate legislative scenario to be analyzed is:
one of '"restraint'" rather than total divestiture, then the-
monopolization theory has the effect of sustaining or erecting
barriers to entry and thus entrenching the monopoly position--
both for o0il and non-oil-owned coal companies. We measufe this
impact by assuming a baselin¢~of’3% rate of return for oil-owned
coal companies and 8% for non;oil-owned,coal companies and
perturb these rates of return upward to 5% and 10% for oil and
non—oil;owned ;oal'companies, respectively.

Section 2 of this volume contains two parts which set out in
a more rigorous manner the relationship between economic theories
of the firm and the probleﬁ of horizontal divestiture. Included
is a detailed examination of optimal depletion rates, given the
oligopolistic nature of the coal industry. - This discussion in
Section 2, separated from the rest of this Teport, reliés
heavily upon economic theory which, because of its complexity,
has bcen subjected to little empirical analysis. It'is.not'the
intent of this réport to provoke controversy on the theoretical
issues involved in the problem of divestiture.' There aré several
methods of analyzing the problem ahd, in Section 2 of this report

we- suggest ones which we believe make intuitive sense and are at



least reasonable approximations of reality. These methods afe
believed to be consistent with established economic theory.
However, whether one accepts the arguments made in Section 2 or
not, the model results presented in the rest of Section 1 of
this report effectively establish ranges and bounds on the
impacts of horizontal divestiture. We now turn our attention

to the estimation of the effects of horizontal divestiture on

coal consumption.
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CHAPTER 1-4

SCENARIO DEVELOPMENT AND
IMPACT ESTIMATION

The previous chapters of this report have described the
problem, methodology develobed, and underlying economicEtheory.
This chapter presents the process used to represent divestiture
in a scenario-oriented framework relating to legislative pro-
posals. As mentioned in Chapter 1-1, tﬁere are four basic
divestlture policy concepts whicﬁ require analysis. These
four areas.are: divestiture - total; divestiture - major;
restraint - total; and, restraint - major.

Several difficulties were encpuntered in attempting to
implement all of the above alternative legislative concepts
in the modeling environmcnf. These difficulties are discussed
here for the benefit of DOE analysts who may do future work in
charaétérizing scenarios within this mudelihg framework;

First, the originai project specifications called for the
analysis of divestiture in the period 1980'to'1985. Once the
project was begun, this was determined to be impossiﬁle. This
framewofk would héve-required runs of the National Coal Model

and the PIES model for two different time periods, 1980 and

1985. After the project had begun, we discovered that the 1980

version of both models had been.retired by DOE. Much time and
effort was spent in seeking a solution to this probicm; There
are some methods for arriving at a 1980 interim set of figures

and runs. These methods, however, were costed out and it was
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decided that they were simply impractical for the resources
available. |

Therefore, in the present report, we.study the restraint
scenario on the assumption that the appropriate legislation
has, in fact, been effective since 1975. We then calculate
the effe¢ts hypothesized for the year 1985. Thié alteration
is not considered to be a serious problem since we areé assessing
relative impacts. Therefore, while absolute realiém is
sacrificed, the direction and relative impacts of the results
are still sound in our judgment..

The second area of consideration was the modeling of acqui-
sition behavior in the forecast period. The question was
one of how to integrate the concept of further acquisition of
non-o0il coal assets by oil companies. It is important to
mention that we are not discussing thé production owned by
0il companies increasing due to planned new mine openings.

The model handles ‘that part. The problem relates to production
which is due to come on board, which is currently non-oil,
being acquired by o0il companies.

We believe that, within the relevant time frame, the
relative shares of oil and non-oil coal assets as defined in the
mOdel will‘change Veiy littlé in the 75-85 period. Thé‘reasons
for this are many. First, the simulation of acquisition in
great detail is quite possible within the médel; in fact, this
is part of -the problem. In order to simulate the acquisition,

one needs to make detailed assumptions about the state in which



the acquisition will-occur, the type of coal, and the mine type.
Percentage changes, on a unilateral basis, would not be much'
appropriate since the East and the West will have different
distributions of any potential 0il acquisition behavior.
Therefore, for all of these reasons, the prdcess of simulating
this acquisition behavior may introduce more biasAthan the gain
from realism.  This is especiélly'true since we believe that
the amount involved is negligible.

A simple straight-lining of the past acquisition behavior
would also be inappropriate. This is because there was a
large atquisition wave before the early 1970's. In past years'
there has been virtually no acquisition behavior. To project
a trend over the past 5 to 10 years or,‘to.consider just the
last few years, would give entirely misleading results wifh
respect to acquisition behavior. There has been a struﬁtural
shift iu the. acquisition behavior of o0il firms which is difficult
to model without infroducing more bias into the results.

There are severai reasons why there appcars to be a recent
1ull in acquisitionABehavior énd why we expect there to be only-
negligible acquisition behavior in the near future. First, most
vf the medium- and lérge—sized coal companies have already been
acquiréd by someone. ASinCe each acquisition requires high trans-
action costs and increased visibility for the oil companics,
there would appear to be little incentive to acquire large
numbers of small coal compaﬁies.' The oil companieS in the past
havc appeared to show a preference for larger coal opefations.

A1l of the coal companies which would be left for acquisition



are much smaller than the ones which were acquired in the past
by 0il companies. Almost all of the firms left represent less
than one percent of the reserve base.

Perhaps the most significant disincentive for oil combanies
to acquire more coal companies, is the general uncertainty
‘surfdunding government intervenfion in the market. - This takes
the most direct form in terms of several different legislative
proposals forcing horizontal divestiture or prohibition or
future acquisitions. It comes in an 1nd1rect form through the
myriad of proposed rules and regulations which affect the oil
companies and coal companies.

The antitrust agencies such as FTC and Justice are particularly
vigilant with regard to any interfuel competitive arrangement
and are bound to scrutinize it in detail. Any large-scale
acquisition of coal aséets by oil companies'wouid'be extremely
difficult to get approved by the antitrust community.

Finally, the method of using the relative shares ih the model,
suggests that the ultimate impact on a relative basis would be
small. Therefore, even if some small amount of acquisition
'behdvior occurred, it would have negligible impact on the results
as we are using them. For all of the above reasons, it was jointly
agreed by the Technical Project Officer and Synergy, that it
would be of limited value to‘try and simulate any forecasted
acquisition bchavior. However, the methodology for developing
another set of data bases, reflecting a different felative distri-

bution of o0il vs non-o0il coal assets in 1985, 1s straightforward



and can be accomplished at a later date if it is decided that
this is appropriate. One reason why one might want to build

a high acquisition data base is that a range of sensitivity

to the acquisition behavior would be established. Based on our
limited resources and the éxpectation that the sensitivity would
be negligible, the costs would outweigh the perceived benefits of
such an activity.

Une of the more sophisticated problems dealt with was the
dcpletion problem. The National Coal Model and the PIES model
treat the rate of return almost purely as a cost factor which
is negatively associated with the supply curve. This is appro-
vpriate and makes intuitive sense; however, one step beyond that
is the problém and ité impact upon the 1985 output. In Section
2, a depletion model is set out which demonstrates that a
decrease in the rate of discount may reduce.1985 output white
increasing the output of later years. - An ideal model, based on
a hierarchy of discounted present values for diffcrent mines and
discount rates, would accommodate both effects. Therefore, while
somewhat outside the scope of this study, we felt it necessary
To evaiuate the extént to which the depletion problém causcd a
hias.

A separate model wés developed and simulated to determine the
impact of depletion effect. Yor tﬁe reasons given earlier, we
have calculated that for the present report, the depletion effect
can be regarded as secondary. Therefore, the direct effects of
manipulating the rate of return in the coal model in its present

form appears to be roughly correct. Also, it is not apparent as
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to which way the national interest lies with‘regard to coal
production ''mow'" or “later;" |

In the future, it may be desirable to develop the ﬁse of
PIES and the National Coal Model so that they can properly
address the -optimal -depletion problemé.‘ Thé question of
socially optimal depletion rates is an iméortant one with
regardxto national energy policy. If, as is frequently alleged,
0il companies are inclined to deplete more slowly than other
companies, this is a hypothesis which could be tested using the
techniques developed here in the PIES model.

The fourth difficulty encountered was in modeling the major
versus non-major oil firm question. Again, this is one of those
situations where it is quite possible to divide the majors and
non-majors and simulate the impact in the model. However,
there is a question of how to define a major. This is not a
trivial problem since several s;udies have defined a major oil
company in many different ways. The list of oil éompanies which
is déveloped‘can'theh be used to separate production, committed
reserves, and demonstrated reserves on an 6il—owned, non-o0il-
oWned basis.

Analyses .can be done, as shown in the next chapter; without
actuélly creating another set of data bases. Creating another
set of data bases is what is required to break out the majors
trom the non-majurs. Again, while this is pnssible, it is
costly and ié not clear what information to use as a basis for

doing this. Therefore, on a limited research budget, it is



questionable whetﬁér the additional effort on this particular
subject is warranted. We feel that adequate analysis can be
made based on deductions from the data we have collected and
-other -analyses .done. . These.déductipns can then bé related

back to the runs involving all oil firms to arrive at conclusions.

The Perturbations of the Variables

The firsf section of this chapter described the basic
scenarios, or legislative proposals, to be evaluated using the
model and other analyticél tools. For those proposals to be
evaluated within the.model, the changes of the variables relat-
ing to the scenariésAmust be hypothesized. These changes, which
are integrdted in each model run, are based on thc economic
theory and empirical studies and models which we have developed
in this study. |

Because ot the structure of the coal mndel and the nature
of the problem, we have narrowcd down our choice of variables
to perturb. We havé focused on three economic.variables. The
first and, we believe, the most important is the rate of return.
The others are the wage rate and capital requirements. We are
also interested in productivity changes:alfhough this can be
indirectly analyzed through the change in wage rate. The model
has the capability to analyze changes in these varinhles either
up or down, for o0il or non-o0il, and for deep or éurface. .There
are also othcr variables available for change. The number of
permutations and combinations of variable changes which,afe
available is large. With very little imagination, one can‘specify

30 to 40 different scenarios.



Because of the capability of the system to analyze many
different scenarios, it was necessary to limit the number of
runs. These scenarios and variable changes were jointly
determined by the DOE Technical Project Officer and Synergy.
Before specifying the variable changes, a commént on the base-
line scenario is necessary.

The baseline scenario is defined explicitly as that scenario
which would result if there were no gbvernment intervéntion'in
the market and if conditions continued as in the past. It-is
also based on the PIES mid-level, TRENDLONG assumptions.

Within our analytical framework and the structure of the models,
this implies that any differential characteristics between o0il-
owned coal assets and non-oil-owned coal assets would continue
to exist in the absence of legiélation.

On the other hand, a total divestiture legislation would
imply that, conceptually at least, all coal assets were now the
- same. Therefore, there would be no differential characteristics
ascribed to oil-owned versus non-oil-owned since all would be
non-oil-owned. In terms of the runs, this implies that the
Abaseline woula have differential ﬁariables while the total

divestiture would have the same variables.

Verification Run of the Model

'This study involved: the use of existing models in an experi-

mental fashion; a large amount of data collection and verification;}

new program .development; and, the development and application of



several decision rules. There was some risk that the end result,
a PIES run based upon this methodology, would bé unusable.
Further, the hypothesis that we could use the PIES run, could
not be tested until very late in the study, thereby increasing
the risk involved.

In order to test whether significant aberrations had been
created by our methodology, several verification checks were
creatcd before the run was done. The basic verification process
involved running.the complcte set of models from the input coal
data bases through to the PIES Wonder Cookie report. This run
was to be made usiﬁg the after-ownership versions of the models
and data bases but with no variable changes. This run was then
to be compared to a run done before ownership using the same
PIES assumptions. .Therefore, once a run had been made all the
way'through, we had two sets ol runs, ovne representing the
situation before ownership breakout and one representing the
situation after owneuvrship Breakout. These two runs ideally
would have been exactly the same. In fact, because of the new
methodology introduced, we knew there would be small &iffcrences.
between the two results.

| In conjunctioh with personnel from the Office of Coal Analysis
at DOE, we deveioped a set of checks to be made when comparing
fhe two runs. These checks were designed to insure that there
were no major problems which needed to be corrected before the

models could he used. Five individual coal'type/fegion sets of
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figures were reviewed and combared for the two sets of runs.

Our decision rule to determine if we had serious difficulty

was to look at the percentage difference between prices and
quantities for those five cells of the coal typé/reéion matrix.
These five cells represented ten percent of the available 50>cells
in that matrix. They were chosen because they were deemed to be
the cells which would show any problemé which had developed.

The feeling of the pérsonnel”in the Officé of Coal'Anélysis Was:
that if these five cells were within our tolerance range, there
"would be a relatively high level of confidence which could be |
placed in the rest of the results. Tables I-4 through I-6

show the results of this comparison and verification test.

Table I-4 presents, for each of the five cells, the 1985
forecast of production before and after ownership and the
percentage change. The results were reassuring in that they
all fell within the 20 percent decision rule (although-CW/C4 is
very close) ‘and .they show differential directions. The fact .
that some went up and soﬁe went down has the overall effgct of
~ balancing out any probléms._ Therefore, while iﬁdividual cells
showed a fair range of difference, the sum ofﬁthe pairs was
moderated to a relatively small ﬁegative'6 percent difference.

ATablé I-5 shows that, in the aggregate, the results are
even more favorable. The East shows a very small increaseAin
production while the West shows .a. 7 percent decrease. Overall,

for the U.S. as a whole however, the total difference is only

2 percent.



TABLE I-4

COMPARISON OF PRODUCTION FOR SELECTED COAL TYPE/

REGION PAIRS BETWEEN PIES RUNS

- BEFORE AND AFTER OWNERSHIP DISAGGREGATION

1985 Production Percentage
(MM Sh.Tons/Year) Change
AO-BO
. Before After
Coal Typesy Code Regions Code Ownership| Ownership BO
High Sulfur Northern
Bituminous CH Appalachial C-1 74.82 84.46 +12.9%
[Premium CM Central '
Appalachial C-2 156.64 138.51 ~11.6
High Sulfur
Mid- Ccw Midwest C-4 165.14 132.34 -19.9
Rituminous
Low-Sulfur ’
Sub CX N.W. Great{ C-8 124.14 131.26 +5.7
Bituminous Plains .
Medium _
Sulfur CU Gulf C-6 51.90 51.90 -0 -
Lignite
SUM OF
PAIRS 572.64 538.47 -6.0

Source:

PIES Wonder Cookie Reports




TABLE 1I-5

COMPARISON OF OVERALL COAL PRODUCTION

FOR PIES RUNS BEFORE AND AFTER OWNERSHIP DISAGGREGATION

1985 PRODUCTION (MM SH. TONS/YEAR)

BEFORE OWNERSHIP AFTER OWNERSHIP | PERCENTAGE CHANGE
EAST 678.5 684.4 +1%
WEST 355.4 329.5 -7%
U.s.
TOTAL 1034.0 1,014.0 -2%
Source:

PIES Wonder Cookie Réports
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We also looked at several different coal prices to compare
the two runs on the price side. The results of this exercise
are shown in Table I-6. Overall, coal prices appear to change
on the order of 11-12 percent. Again, this is well within
the 20 percent tolerance limit which had been set. 1In the case
of prices, however, the direction was always upward. This
result is consistent with the overall decline in production
which would imply higher prices..

On the basis of these verification checks and results, we
decided that the basic methodology was working correctly and
that the two runs were close enough to indicate that confidence
could Be placed in the results.

All of the scenarios discussed hereafter are based upon the
after-ownership disaggregation data base and PIES runs. The .
aftéer-ownership version is used to establish the baseline and
is used for all alternative scenarios. It is important to
remember that it is consistent and correct to apply this approach
on a relative basis to the new set of models. However, direct
comparisons between runs here and PIES runs done for any other
purpose withiﬁ DOE cannot be made directly. There must be an
adjustment made for the aifference in the two versions of the
coal model employed. The method of doing this would be to simply
adjust the results by the amount of the difference between the

original PIES run and the new PIES run from any results presented

here.
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TABLE 1-6

COMPARISON OF COAL PRICES ‘
BEFORE AND AFTER OWNERSHIP DISAGGREGATION

1985 " logs PERCENTAGE  CHANGE
SECTOR FUEL | PRICE PRICE (AO-BO)
BO A0 (— B0 )
PHYS. BTU PHYS. BTU |  PHYS. BTU

COMMERCIAL | COAL [$34.74 $1.54*38.89 §1.73 +11.9% | +12.3%
INDUSTRIAL | COAL | 33.53 1.49/37.86 1.68 |  +12.9% | +12.8%
INDUSTRIAL | MET . .
COAL | 46-56 1.72[51.54 1.01 +10.6% | +11.0%

SOURCE: PIES Wonder Cookie Reports

I-65




CHAPTER 1-5

RESULTS

This chapter &escribes and interprets the results which
stem from the analytical. framework developed in previous chapters.
In most cases, the PIES runs are summarized and tables have been
extracted which are relevant to the conclusions. However, for
those interested in thc total PIES runs, a full set of‘bound
computer pfintouts relating to each run of each model and
submodel was delivered to the Technical Projeét Officer. These
bound printouts iﬁclude, in additién to tﬁe PIES output tables,
originél input data sets, supply curves for 192 NCM region coal
type pairs merged for oil and non-oil, and supply curves for
50 PIES region/coal type pairs.

Four basic types of scenarios are considered in this chapter.
There are two types of baseline cases, reflecting divergent
theoretical and behavioral assumptions. There is a Total
Divesliture scenario and a Restraint scenario. Further,'ranges
have been established for the variable pérthrbatioﬁs and incér-
porated into runs. The two baselines and the Total Divestiture
results are reported at this time. The PIES runs for the Restraint
scenario and range estimates will be run by DOE in the near |
future. When those are completed, a short addcendum to this

report will be produced describing those results.

Results for the Adjusted PIES Baseline Ruis

The previous chapter described the methodology and rationale

behind the adjusted baselines. The adjusfed baselines are



representative of the forecasted 1985 situation which would. occur
if past relationships continue. It is assumed that no governﬁent'
intervention in the form of horizontal divestiture legislation
will be brought about. Therefore, these runs represent the
baseline‘forecasts‘against which other altérnative scenarios

are evaluated.

As mentioned in earlier chapters, there are two baselines
.because of an unresolved conflict regarding the nature of the
relationship between ownership and rate of return as defined
in the model. Baseline 1 is one whiéh assumes some conbination
of characteristics of synergism and growth maximization behavior
on the part of oil firms with coal assets. The implication of |
this is that, in the model, 0il firms' rate of return on coal
assets will be lower than non—oil—owned coal assets. The
resﬁlts for Baseline 1 are shown for o0il, ROR=3%, and non-oil,
ROR-8%. The 8% figure is considered to be a normal rate of

return in the coal market.

The second bascline caée,.Baseline 2 assumes that oil com-
panies are monopolists, and therefore they will pursue a policy
which leads to higher prices and lower quantities. This is
manifested in the model by a higher rate of return-for oil-owned
assets relative to non—oil—oﬁned assets. The results shown for
Baéeline 2 are for oil, ROR=13% and non-oil, ROR=8%. The first
results below are from the Baseline 1 scenario.

The relevant Summary reports from the PIES Wonder Cookie
report have been extracted and are presented here. Tahles I-7

and I-8 are the PIES Executive Data Summary Tables in physical
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units and trillions of BTU's, respectively. Table I-7 is the
PIES Coal Regional Prdduction Summary (by mine type). Tables
I-10 and I-11 are the PIES Demand Regional‘Retail Price Summaries
.in dollars per units and millions of.BTUg respetti&ely,

Table. I-7 shows that for Baseline 1, a total 1985 supply
of coal‘of approximately 1,029.7 million sﬁort tons is forecast.
Referring to Table I-8, this domestic Supply figure 1s réughly
equivalent to 22.7 quadrillion BTU's. The total supply of
energy in 1985, according to PIES, is eétimated to be approxi-
mately 94.3 quadrillion BTU's.
~ Table I-9 contains thé coal regional production sdmmary by
mine type. In describing these alternative scenarios later,
" we will be concerned primarily with total East, total Wegt, and
. the total U.S. figures. Therefore, while the individual mine
type and region figures are of interest, we are primarily
focuéing our analysis on the overall totals. From Table 1—9;
the 1985 forecast Vaiue for total Eastern production is 685.9
million short tons per year. For the West, this figure is 343.8
million short tons per year. This gifes a total U.S. production
figure in 1985 of 1,029.7 million short tons 6f annual mine
production. This figure represents a substantial increase over
1975 production of 639.9 million short tons.

Table I-10 shows that the residential and commercial prices
for';oal in 1985,aré expected to be $37.53 per ton - with an

1/

industrial price of $36.49.” Commercial and industrial prices

1/ In the middle of making runs during this project, DOE
changed their prices to reflect 1978 in the newest PIES runs.
However, our initial runs were done with 1975 dollars. Therefore,
we have kept prices in '75 terms with a deflator factor from DOE,
$44.22/1.17819=$37.53. Also, the new o0il import price of $15.52 ‘is
equivalent to all old runs showing a $13.00.import price.
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TABLE 1-7

PAGE 3
AL L I PN PSR R AL LR AR Y R LR XA LY ¥ ]
1985 MID=RANGE/THKENDLONG SCENAKID
WITH NATURAL GAS REGULATION
QIL INPORY PRICEL 15,32
RUN DATES 6.10
meccesessssevsmnaseccensnusussesnsaranne
EXECUTIVE DATA SUMMARY ’ .
U4ITED STATES YDTAL GROSS SUPPLY/CONSUMPTION OF ENERGY RESOURCES
ENENRGY SOURCES IM STANDARD PHYS]ICAL UNITS PER YEAR
e revercrerrRrrre st e nN e e e R et E e r e ar e m e P AR s e e e A e TR E A eGP YRR oY AN e
: . HYDKOD,SOLAR, SOLAR/GED YOT8L ELEC,
SECTUR . coaL oIL GAS NUCLEAR GEOTHERMAL  FOSSIL 5UBSY, DISYRIBUTED
o (MMST) (MHB) (8CF) [GLETTT ) (HMMKHH) (TBTU? (HMMKWN)
Ldda L e L R T T T e o Vg U S g vep
DOMESTIC SUPPLYS ‘ 1029.72 3735.43 16726.68 © 566,49 410,02 119,86 3029.60
{COML,B25,ELEC,) 1029,72 13505,32 S66,49 395,68 3029,50
- {CRUDE) ) 3262.15 . . :
(CO=PRADUCTS/aS50C, GAS) 056,13 3221,32
(SYNTHETJICS) .
(SHALE) 17415
(DIRECT SOLAR/GED) Lo 14,358 . 119,88
I1MPORTS? 74,00« 6022,27 . $852,60
(CRUDE) 2832.76 ’
(PRODUCTS) . 1169,51
(LNG) : . - 986,60
(CANADIAN/MEXICAN) . 906,00
(cosL): 74,00 )
cwesnnan - P — cecevina O, cammcsme esorecen
TOTAL SUPPLY 955,72 7757,69 18579,25 566,49 . ay0,02 119,88 3029,60
GAINS(+) /LOSSES (=) : 204,57 ‘ " s, 38e 35.70- ' 253,06
B L T o g R
CONSUMPTIONS . : .
RESIDENTIAL 1.03 707,14 5251,75 . 6,46 43,39 836,73
COMMERCIAL »55 595,75 1B05,58 . 5.09 20,41 692,08
INDUSTRIAL - 196,81 2035,28 9856,66 6,80 Sb,08 1221,75
TRANSPURTATION .02 3900,80 398,26 ) 4,05
ELECYRICAL GENERATION Yuu, 60 558,51 2062.11 275¢,56e
SYNTRETICS 13,66 - 169,19 872,16~ ]
. croveenn ewvenmen pemeamne cocncene  eemcomer rresemrn camecsea
TOTAL DOMESTIC CONSUMPYION 956,72 7962460 §18552,20 14,35 119,86 - 200

LA L LI L L e L L e L L e L R LT 1 L PP

NOTES$ DIL IMPORTS IN MMB/CD s 11,02 :
GAS CUNSJKMPTION JN THE TRANSPORTATION SECTOR INCLUDES NATURAL GAS TRANSPORTATION LOSSES,
INDUSTRIRL CONSUMPYION INCLUDES REFINERY FUEL CONSUMPTION,
-GAINS ARZ REFINERY GAINS, LOSSES ARE TRANSKISSIOM LOSSES,
SUPPLY/DEZHAND IMRALANCES MaY BE DUE TO EWKROWS WITKIN THE EQUILIBRATION CONVERGENCE TOLEWKANCE,
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TABLE I-8

PAGE 2
recremscaraamcsvenerrascrancsannsrnnane
1985 MIDeRANGE/TRENDLONG SCENAKIOD
WITH NATURAL GAS REGULAYION
0L IMPORY PRICEY 195,32
RUN DATES 6,10
EXECUTIVE DAYA SJUMMAKY wsrrecescmemcmsaserrcoacan seceseccrsunoa
UN!YED STATES TOYAL GRDSS SUPPLY/CUNSUH=TXUN OF ENERGY RESOURCES
ENENRGY SCUKCES IN TRILLIONS OF BTU'S PER YLAR
LI IIE PRI ey SRR R L L L L LT T T P R T
T0TaL . H™DRO TOTAL & GROSS TOTaL 4 UTILITY NET FOUR
FOSSIL . SOLAR SECTOR ELECT, SECTOR ELECTYRIC SECTOR
SECTUR CoaL oIL Grs FUEL NUCLEAF ¢EOD, INPUTS INPUTS . INPUTS DISTRIB, INPUTS
g Y T Y Y
DIMESTIC SUPPLYY 22748 21029 17282 61039 6231 age 0 10337
(cOBL,GaS, ELE[.) 22148 13937 3668€ 62381 2957 10337
(CRJDE) 1898% 1898¢E
(CO~PRODUCTS/ASSOC, GAS) 1943 332¢ S526€
(SYNTHRETICS)
(SHBLE) 100 100
(DIRECT S$ILAK/GED) 263
In>0RISE 1918 ‘232¢0 1912 23190
(CR4IDE) 164UBT 16487
(PKACUCTS) BT3¢ 67348
[LNE) 97y 8717
[CamMaDIAN/NEXICAN) 935 93%
1COaL) 1918» 19186= i
PP [ comane Iy, rmense e semran ceanew [ [App—. cumnne
07AL SUPPLY 20830 44230 19170 gug3e 6234 422w 94685 10337
GAINSHI¢)/LOSSES (=) : 360= 8b3e
e R Y L P L L R A I R R XA A L R Al Al Ll A A AL A ALl AL AL AL L A Al Al dd Al A LAl bl il it dd
COMSUMPTIONS .
FESEDENT AL 24 3324 5430 9278 [.Y] 8366 . 9590 18956 285% {2228
ZONMERCIAL 13 35%2 1905 5470 T 55614 7631 13472 2361 1902
INDUSTHIAL 494~ 11297 10172 26375 104 25479 14002 4ouse 4369 30668
FTRANSPURTATION 2C949 a1l 21360 21360 1] 21407 14 21374
SLECTRICAL GENEWATION 15660 3398 2128 21186 6231 3§57 31374 9399
BYNTSETICS 20& 888 900= 196 196
encove [ cvcame eperam cecnve [EpRpu— [P [ [ A" ceveow
T0"4AL CONSU"PTICN .eu8se a3Ee7 19146 83865 6231 4220 ?4317 31S70 94347 72145

NOTES G3S CONSUMPTION IN THE TRANSPOHIATION SECTOR INCLUDES NATURAL GAS. TRANSPBKYATION LOSSES,
IKDUSTRISL CONSUMPTION INCLUDEY REF INERY
LOSSES5S ARE REFINEKY CHACAING LOSSES AND ELECTRICITY TNANSMI3SION _USSES,
mYD/30L/GEU ENTRY ESTIMATES STU CONSUMPYION FOR AN EUUIYALESNT FOSSIL FUEL PLANT AT 10000 BTU/KWHN,
NUCLEAR ENTRY ESTIMATES BTy CONEYMPTION FUR AN EQUIVALENTY FOSSIL FUEL PLANT AT (100D BTU/KWNK,
SUPPLY/OEMAND IMABLANCES MAY EE DUE YD ERKORE WITHEN THE EQUILIBRATION CCVVERGENCE TOLERANCE

FUEL CUNSUMPTION,

OR AVEYAGE BTU COWVERSIUN OF AGGREGATES,

DIRECT SOLAR/GED SUPPLY LNCLUDES FOSSIL FUEL DEMAND REPLACEMENY It TBTUS OF 119,86
- AND ELECTRICITY DEMAND REPLACZMENT AT 16000 BTUS/KWW OF DEMAND IN TBTUS OF 183,50
TOTAL SUPPLY DbADS NEY OF REFINERY CRATKING LDSS: . 96,32

TOTAL GROSS QuUaD3I CONSUMED: 94,32



LL-1

TABLE I-9

PAGE 10

1985 MIDeRANGE/TRENDLONR SCENARIO
"wlTK NATURAL GAS REGULATION

OIL IMPORY PRICED 35,32
RUN DATES .10

D T Y L L L L T Y R Y P T YT T

‘COAL REGIUNAL PRODUCTION SUMMARY IN MILLION SHORY TONS PER YEAR (BY MINE YYPE)

L R e L R L L T T Y e L L L L L e R N X T T T PP Y T P P Y Y Y )

LO® SULFUR  MEDIUM SULFUR HIGh SULFUR PREMIUN TOTaL 1979 GROWTK
REGION SURFACE DEEP SURFACE DEEP 'SURFACE DEEP SURFACE  DEEP SURFACE  DEEP . TOTAL T0TAL RATE
-‘.---.-----------.—..----------------.-.5-----~--..---------.--—.-----O--.--n.-—---..---------.---.----------0.-.--.-.-.-----.
NORTHERN APPLACH]AN o6 o2 23,4 1640 a9,6 8145 3,9 16,1 7746 111,8 189,4 180,0 »S
CENTRAL APPLACHIAN 15,4 12,9 23.6 5646 2,2 15,5, 35,5 89,1 76,7 176,14 250,8 189,4 2.8
SDUTHERN APPLACHIAN 1.3 11,4 6ed o2 11,4 Tel - 19,1 22,4 1,6
MIDKEST 1,4 3,2 234 60,0 138,7 . 63,1 163,5 226,86 137,1 542
L XX ] LA A A X X ] coeoeen LEX X L X J LA LA 2 1 J LA X R XX ) orvasew LA X L N 3 ) L X ¥ ] rTerwow [ XX 2 ] LA A X X ] P PEwoTw
TOTaAL EASY 16,1 15,7 81,6 10042 114,7 235,8 39,4 105,4 228,8 457,1 685,9  538,9 2.4
CENTRAL wEST 9 9 7.7 122 1,2 1.4 9.8 18,5 24,3 10,0 9,3
GULF . 51.9 S1.9 5149 $1.0 16,8
N E, GREAT PLAINS 1,4 30,3 33,8 31,8 9,0 13.4
Newy GREAT PLAINS 158,59 4.7 S.4 163.9 8,7 168,46 s, 14,0
ROCKIES . 2.2 19,0 1.2 1e2. a,6 3.9 24,8 2842 14,9 [
SOUTHREST 10,6 20,9 1e0 31,5 1,0 32,5 16,0 T3
NURTHWEST . 9.7 S.? 5.7 3,7 4,4q
aLASKA 8 8 ) o8 3
Peevew reoeee cescse revace seoeaw meesee cecepee Semees wessew rPeeere weawwn Teaney rosene
TOYAL WEST ] 179,3 24,5 110,6 2.2 7.7 1242 1,2 . 6,1 298 ,8 a5,0  343,8 10,0 13,0
cowsew LX A X1 ] oeoroan vesawe oemsoeee LA A A 4 ] soeowae Seaven TP ew LA AR 2 X J LA XX Y 23 seeceaw L 2 KX 2 )
TYOTAL u.S, 195,¢ 40,3 172,3 10244 $19,5  248,0 40,5 131,5 527,6 502,31 1029,7 639,9 4,9
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PAGE 2%
pescservescusamanarressor et nonnaansne
198% MID=RONGE/TYRENOLONG SCENARID
WITH NATURAL GAS REGULATION
OIL IMPORY PRICES 15,32
RUN DATES 6.10
Ry e,
DEMAND REGION RETAIL PRICE SUMMARY IN 5978 S/ STANDARD PHMY31Cal UNIY
. DEMAND REGIONS
SECTOR(FUEL) NweENG, NY/NJ HMID«ATL S,=aTL MIOWESY §,~WEST CENTRAL NeCNTRL NWESY N,»WEST TOTAL
g YY)
RESIDENTIAL .
(ELECT.) 45,7a 54,36 47,96 38,23 41,606 43,814 43,91 33,24 43,40 19,93 20,44
(DIST,) 22469 23,17 24,26 24,68 22,8 22.719 21,54 22461 22,40 22,40 22492
-[LG? 15.62 16.08 17,33 17,33 15499 15,13 15,69 1be32 15,80 15,80 1642}
cosL) 48,82 06,313 @a,0) 46,50 43,73 35,21 a1,41 34,76 42,57 39,76 aa,22
ING: 4ob? 4.26 3,69 3.25 342C 2,68 2.16 2.33 3,46 3.78 3e28
CCHMERCIAL :
LELECT,) . 45,62 60,87 685,97 38.68 41,97 33,73 43,00 30,33 30,16 19,85 41,40
D18T,D 21.27 21468 21,95 21,97 21,04 . 23,28 20,50 21.285 20,76 20,76. 21435
IRESID,) 18,19 18,80 20,73 18,4} 19,64 13,54 19,56 19,04 18,35 17490 18,95
HY 13,10 13.10 13,10 13,10 13,99 13,10 13,88 13,93 13,10 13.10 13,.5¢
1coaL) . 43,87 46,13 44,0% 46,60 43,73 33,24 €1,41 34,76 42,57 39,76 ea,22
TASPHALT) 19,419 19.19 19,19 19,08 19,27 13,63 18,92 19,21 18,42 18,402 19,00
(NG 3,98 ‘3.64 3.20 2.72 2+86 2,59 3,59 ‘3,23 2,92 3,18 3,04
RAN MITERIALW ¢ . .
WGl 13,87 18,87 t8e66 18,73 ° 18,81 153,49 18,47 18,58 18,07 18,07 18,53
t0IL) 19419 19,19 L9,19 19,08 19,27 13,83 18,92 19,2} 18,42 18,42 18,98
WNG) 3.33 2.92 2.717 2.26 2+52 2,28 3.23 2413 2452 2.84 2,43
INDUSTRIAL#es
TELECT,) 37,74 32.39 38,00 32,61 32,65 32,85 16,59 25,23 34,19 13,18 32,16
DIET.) 2led3 21457 22,52 22448 23,02 21,17 20,45 21,47 20,76 20470 21,40
LREELD,) 18453 1969 20.22 18419 19,49 13,78 19.37 18,70 18,33 18,68 18,93
L6) 19,67 15,01 15,62 15.89 15,31 14,85 15,07 15.96 16,81 14,81 15,214
icoeL) | 4BsB2 46413 44,01 66,60 43,13 39,21 ty.41 34,76 42,57 39,78 62,99
TMET COALre) 904738 33,94 91.21 94,59 92437 95,13 §0,61 97.51 107,68 110,90 92,77
INAFHTHA) 18.87 - 18,87 18,86 16,73 18,81 18,49 18,47 18,58 18,07 18,07 18,62
LNG) . 3,39 2.92 2,77 238 2.5%2 2,28 3.23 2.73 2.52 2,64 202
TRANSFORTAYION. . . .
1ELECT,) 42,76 48,72 k2,70 35.81 36,69 30,80 0,64 29,62 38,99 16,94 45,38
IDIST,) - 27,93 28.2% 29,20 29,14 27,50 2',85 7413 28,16 271,48 27,04 28,11
{RES1D,.) 18,55 19,44 20,22 18,19 19,¢9 15,78 19,37 18,70 18,33 18,68 18,94
1LG) 13,10 13,10 13.10 13,10 . 13,¢¢% 13,10 3,688 13,93 13,10 13,10 13.27
1GaSOLINE) 371 32.88 31.59 31,15 31489 33.03 30,58 30.79 31,54 314619 31,28
I1JET FUEL) 22,98 23.57 25.05 25,29 22,58 25,20 éle9t e3.22 22,84 22,84 23,51

T L T T T T P T N L L Y X ittt ettt ittt bhduadadebdeb bl 24 £ 4
#LJOUID G239 IN THE Raw MATERIAL SECTOR INCLUDES LIQUID Gas FEEDSTUCX,

s#FET COAL INCLUDES 70X PREMIUM ZOAL &ND 30% BJTUMINOUS LOw SULFUR COaL,

*+4 INDUSTRIAL SECTOR HERE DOES NJ- INCLUDE REFINZRIES,
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TABLE I-11

PaGE 22
L S
1985 HID=KANGE/THENDLONG SCENAKRIO
WITH NATURAL GAS REGULATION
OIL IMPORY PRICE: 15,32
RUN DATE: 6,10
. U
DE~AND REGION AVEWAGE RETAIL PRICE SUMMARY IN 1978 S$/MILLION BTUS )

L Y e e Y T P Y R L Y P Y Y PR L e P Y Y L P R Y R P Y I L R e P R Y L PR TP R R PR R RS LRI A R L L L LAY ]
] ' DEMAND REGIDNS’ .
SECTOR(FUEL? " NwwENG, NY/NJ MIDwATL S,=ATL MIDWEST S,=WEST CENTRAL NeCNYRL WESY N,»WEST TOTaL

RESIDENTIAL Set2 5.67 bel? 7,94 4,58 S.22 4,41 4,11 5,59 8,83 5,42

(ELECT.) 13,4 15,93 18,06 11,21 12.2) 11.96 12,87 9.748 12,72 S.84q 11.84
({DIST,) 3.90 3.98 8,16 - 4,24 3,80 3,91 3,70 3.88 3.85 3.8% 3.93
(LG) 3.90 4,04 6,32 a,32 3,99 3,92 3.9 4,07 3,94 3,94 4,00
(CoaL) | 2ei? 2405 196 2,07 1,94 1,74 1,84 1.580 1089 177 1.97
(NG) 4,53 4,13 3,57 3.45 3.10 2,40 2,09 2.2 3.35 .65 3,08
COMMERCIAL 4,80 boub 6,50 6,71 5,18 6,07 6,10 5,29 6,87 4,22 5,88
(ELECT,) 13,38 17472 13,87 1134 12,18 13,35 12,60 8,89 11,77 9,82 12413
(D1ST,) 3.65 3.72 3.77 3,77 3061 . 3,65 3,52 3.65 3.96 3,56 3,67
(RES1ID,) 2.89 2499 3.30 2.93 3,12 3,00 3.11 3,03 2,92 285 3,01
(L&) 3,27 3,27 3.27 3.27 3,49 3.27 3,46 3.47 3.21 3,27 3,38
(COaL) 2e17 205 1.96 2,07 1.94¢ 1.74 1,84 1.546 1,89 1,77 1,97
(ASPHALT) . 3.20 3,20 3,20 3,18 3,21 3,18 3,15 3,20 3,07 3,07 3,17
(NG) . 3.85 3,52 3.10 2463 2077 24514 3,48 3,13 2,63 3,05 2,95
RAW MATERIAL® 3,43 3.35 3.18 2.92 3,25 3.27 3,29 3,20 3,08 2.92 3,22
(LG) 3.60 3,60 3,59 3,57 3459 3.52 3,52 3,96 3,44 3,88 3,53
(01L) 3.20 3,20 3,20 3,18 3,21 316 3,15 3.20 3.07 3,07 3,16
(NG) 3.28 2+83 2.68 2.19 ‘248 2.21 3,13 2465 2.4¢ 2,37 2.36
INDUSTRIAL s o» 4,89 8,79 4,58 Selb G,26 3,03 ° 4,90 3.4% 3,92 3,28 4,02
(ELECT,) 11,086 9,49 11.14 9,56. 9,57 9,68 10,72 7.39 10,02 3.86 .43
(0187,) 3.6% 3.70 - 3,87 3,86 3,01 3.63 3,54 3.69 3,56 3.90 3.067
(RESID,) - 2495 3,09 3.22 2489 3,10 2.99 3,08 2497 2,92 2497 3.01
(LG) Jeb6 3.1¢ 3.95 3.96 3,82 3.70 3,76 3.85 3,69 3,69 . 3,719
(CoaL) 2.17 2,08 1.96 2.07 1490 1.76 1,080 1.5¢ 1.89 1,77 191
{MEY COALwe) 3.58 3.08 3,38 3,50 3,02 3,52 3.36 361 3,99 Q.41 3,08
(NAPHTHA) 3.60 3,60 3,59 3.57 3.99 3.52 3.52 3.5¢ 3,44 3,04 3,59
(NG) i 3.28 2483 2.68 .20 2,49 2+21 3,13 2.65 2.44 237 2,36
TRANSPORYATION S.7% S.79 S.66 5,62 S.67 S.22 5.52 5,49 5,37 S.42 5,55
(ELECT,) R 12,53 16,28 12,51 10,49 10,81 10,73 11,91 8.68 11,43 4,98 13,30
(01871,) ‘4,80 4,88 5,01 5,00 4,76 4,786 4,66 6,83 4,7% 4,71 Q4,83
(RESIC,) 2+95 3,09 3,22 2,89 3,10 2,99 3,08 2,97 2.92 2,97 3,04
(Ley - : 3,27 3,27 3,27 3,27 3,49 3,27 3,46 3,47 3,27 3.27 3,31
(GASOLINE) b5,08 6,27 6,02 9,94 $.96 S.,12 5.83 5,87 6,01 ba.02 9,96
(JET FUEL) 4,32 4,23 4,49 4,50 . 4,05 4,16 3,93 'PY ) 6,310 4,10 a,22
eccane memeew parmws recees eesves esncer FeErwen vameey weeeNe snetes emesee

AVERAGE PRICE Se18 Seb? 5,32 5,83 4,8} 3,86 9,04 a,ud Sy13 4,402 4,90

T T L L L L T T T o L L L T e L T L L L R A T P L L Y 2
aLIOUIN GAS N THT Raw MATERIAL SECTOR INCLUDES LIQUID GAS FEEDSTOCK,

*sMET COAL INCLUDES 70X PREMEUM COAL AND 30% BITUSMINOUS LOW SULFUR CDAL,

#rw INOUSTRIAL SECTOR MERE OOES NOT INCLUDE REFINEFIES.



for coal are forecast to be $1.67 per million BTU's and $1.62,
respecfively, as shown in Table I-11,

| The next set of tables refer to the Baseline 2 scenario,
or the Baseline scenario based upon monopoly assumptions.
Tables 1-12 and I-13 are the executive summary tables in
physical units and trillions of BTU's, respectively. Table I-11
shows that for Baseline 2, a total 1985 supply of coal of
approximately 1,002.7 million short tons is forecast. The
accompanying table, Table I-12, shows that the equivalent of
this fighrc in BTU's is approximately 22.3 gquadrillion BTU's.
The total supply of energy in 1985, according to PIES for
Baeeline 2, is estimated to be approxiﬁately.94{d quadrillion
BTU's. |

Table 1-14 gives the regional eoal production sumﬁary by
mine type. Again, we are primarily interested in the East,
the West, and total.U.S.‘values. The 1985 forecast value for
total Eastern production is 672.4.millioﬁ short tone per year.
‘Western production is ehoWn to be 330.3 million short tons per
year. These sum to e total U.S. production figufe of 1,002.7
million short tons of annual mine production.

Table I-15 gives the residential and commercial priceé for
coal in 1985. The residential price is forecast fo be $40.10 per
ton whilc the industrial price is forccasted to be $39.03.‘
The following table, Table I-16, gi?es.the ahalageus prices
on a BTU basis. These prices are $i.78 per million BTU's for
~ the commercial sector and $1.73 per million BTU's for the

industrial sector.

I-74
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TABLE 1-12

PAGE |
recasessemnsbencEnrne-msararesarscraanare
1985 MID=KANGE/TRENDLONG SCENARIQ
wITH NATURAL GAS REGULATION
DI IMPORT PRICE} 15,32
RUN DATED 6,10
EXECUTIVE DATA SUMMARY
UNITED STATZS TUTAL GKDSS SUPPLY/CONSUHPTIOM OF ENERGY RESOURCES
ENERGY SUURCES In STANDARO PHYSICAL UNITS PER YEAR
HWYDRO,SOLAR, SOULAR/GEQ TOTAL ELEC,
SECTOK coag oIL GAS NUCLEAR - GEDTHERMAL  FOSSIL SUBSY, DISTRIBUTED
(MMST) (MMB) (BCF) (MMMKWY) (MMMKWH) (Tevuy - (MMNMRWH) -
JOMESTIC SUPPLYS 1002.71 © 373%5.53 16730,95 566,49 410,02 119,86 3000,94
(COAL,GAS,ELEC,) 1062,71 13509,62 566,49 395,67 3000,94
(CRUDE) 3262415 :
(CO=PRODUCTS/ASSUC, GAS) 455,22 3221.32
C(SYNTHETICS)
(SHALE) . $7,15
(DIRECT SOLAK/GEO) : S 14,35 119,86
[MPORTSS 74,00 083,42 1850,80
(CRUDE) : 2852461
(PRODUCTS) . 1130.81
(LNG) : 968,84
(CANADIAN/MEXICAN) ’ 906,00
(COAL) 74,00= .
semmecan recncene cecsomce vesvanve cocvancs . P
TOTAL SUPPLY 926,71 7176,.9¢ 18585,7% S6b.49 410,02 119,86 3000,9¢
SAINS(#) /LOSSES (=) ' 203,64 a6.38% 35,70« 250,63«
gy g S L I
SONSUNPTIONS
RESIDENTIAL 1,006 109,48 5269419 a.46 43,39 828,13
COMMERCIAL -1 596,50 1853,81 5,09 20,41 684,23
INDUSTRIAL 196,29 2038.46 9865,91 4,80 56,06 1211,93
TRANSPDORYATION G2 3900,.94 398,14 4,05
ELECTRICAL GENERATION 718,14 568,47 2043,43 2728,30e
SYNTHETICS 13,66 169,141 B12416=
. Crveomer sscesene . eemcevew meoscaew CEX YY) rooaneee X TR YT XY )
TOTAL DUMESTIC CONSUMPTION . 929,71 . 71982,93 18558,30 18,35 119,88 +00

P T R N L L LI T Y T Ty P T PR N R R L P L e R R T L T Y Y Y TP Y PN EYEYPYYY

NDTE! OIL IHPURTS I~ MMB/CD ® 11,08
GAS CONSUMPYION IN THE TKANSPONTATION SECTOR INCLUDES NAYU*AL GAS TQINSPORTATION LOSSES,
INDUSTRIAL CUNSHUMPTION INCLUDES REFINEKY FUEL CONSUMPTION,
GAINS ARE KEFINERY GAIMNS, LUSSES ARE TRANSMISSION LOUSSES,
SUPPLY/DEMAND JMBALANCES MAY BE DUE TO ERRURS WITHIN TKE EGUILIBQATIBN COHVERGENCE TOLERANCE,
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TABLE I-1%3

PAGE 2
g Vg A U S R I
198% MIDeRANGE/TRENDLONG SCENARID
WITH NATURAL GAS HEGULATION
0IL IMPORY PRITE® 13,32
: RUN DATE! 6410
EXECUTIVE DATE SUMMANY ) . L LI L I T RN PP Y PP Y PP Y T T
UNITED STATES TCTAL GRBSS SUPPLY/CUNSUMPTIUN OF ENERGY RZISJUNCES
ENZhGY S5O0UPCES IN TRILLIUNS D° BYU'S PLR YEAR
i TOTAL HYDRO TOTAL & GROSS T0TAL 6 UTILITY NET FUUR
) FOSSIL SOLAR SECTOR ELECT, SECTOR ELECTRIC BECTOR
SECTOR coaL oIL [T%] FUEL NUCLEaR GEJ, INPUTS INPUTS INPUTS  DISTRIW, INPUTS
T Y T R N Y T R Y Y R R P I I P P R R P P Y PR L L AL R A Y T L R R NI Y R Y Y R Y PR Y Y DL AL RS N A R AL R R R L Y D A L X
SOMESTIC SUPFLYS 22325 21330 17266 60621 6231 4220 10249
(COAL,GAS,ELEC,} ; 22325 13942 36267 623} 3957 10239
(CRUDE) ’ i8956 18986
(CO=PRODUCTS/AE50C, GAS) 1944 3324 5269
(SYNTHETICS)
(SHALE) 100 100
(ZIRECY SOLAR/GED) . 2e3
1MPZRTSS, 1916= -2532) 1914 23317
{ZRUDE) t6602 . _ 16602
(RODUCTS) 6L 9 6119
(NG) . ’ 979 979
(CANADIAN/MEXICAN) 93% 935
(coaL) 1958~ 1918e .
_ connna  mmmewe [up—. enarew [, [y [ [ [, [N emsnoe
“OTAL SUPPLY 20607 4a3Sy 191860 83938 6e31 4229 94350 : 10239
IAIWS () /LOSSES (=) b : . 85%e
SONSUMPTION?
RESIDENTIAL 24 3837 Su1g 929¢ 88 9386 9u8b 18872 2826 12212
CO4MERCIAL 13 3557 1913 SuB3 ] 5554 7837 13392 2335 7889
IMUSTRIAL . ) a9ne 11274 10182 26362 10u 26866 13882 40348 6139 30604
TRANSPORTATIUN : T 20950 a1y 21361 2116} ay 21407 14 21375
ELZCTRICAL GENERATION 152717 3uel 2109 20867 6231 3957 31¢55 930G~
SYWYHEYICS 208 884 900~ 196 ’ 196 )
emcone erwree cameen ST [ cocens [P [ vowews [ [
‘0TAL  CONSUMPTIOW 20629 43986 19359 83567 6231 422> QuCye "31251 96019 72077

NOTE: GAS CONSUMPTION [N THE T¥anSPURTATION SECTOR JNCLUDZIS MNATURAL GAS TANSPOKTATION LOSSES,
INCUSTRIAL CUNSUMPYION INC_UDES EFINEKY FUEL CUNSUMPTION,
LOSSES BKE KEFINERY ChacCKIN3 £NSSIS anND ELECTRICITY TRANSMISSION L ISSES,
HYL/SOLYGED ENTMY ESTIMATES BTU CONSUMPTION FOR aN EOUIVALENY FOSSIL FUEL PLANT AT {0000 BTU/K®K,
NUCLEAY ENTRY ESTIMATES 6TU CONSUAPTIUN FOR aM EUUIVALENT FOSSIL FUEL PLANY AT 1§000 BTU/KwH,
SUFPLY/DEMAND IHBALANCES may BE DJE TO ERROKkS WITHIN THE EouxLlBRL [ON CONVERGENCE YOLERANCE
Ok aVERAGE BTU CONVEKBlLM OF AGGRKIGATES.

DIRECY SULAK/GED SUPPLY JINCLUDES vO0SSIL FUEL DEMAND NEPLACEHENT IN TBTUS OF 119'86
AND ELECTHIC]IYY DEHAND WEPLSCTEMENT 2T 15000 BTUS/RuWN OF DEMAND IN "BYUS DF 183,50
TOTAL SUPPLY DyUADS NEY OF REFInEI* CRACLING LUSSS - 94,03

TOTAL GROSS QUADS CUNSUMEDS 96,02
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TABLE I-14

PAGE

10

1985 *IDeRANGE/THENDLONG SCENARIO
WITH NMATURAL GAS REGULATION

01L IMPDRY PRICEY 15,32
RUN DATES . 6,10

COAL REGIUNAL PRUDUCTION SUMMARY IN MILLION SMORY TONé PER YEAR (BY MINE TYPE)

gy LR

PREMIUM TOTAL

REGIDN

LOw
SUKFAC

SULFUR
€ DEEP

#EDJUM SULFUR

SUKRFACE

DEEP

HIGH SULFUR

SUNFACE

DEEP SURFACE

DEEP SURFACE DEEP

TOTAL .

1975
TOvAL

GROWTH
RATE

L R L i il il Lt T e g

NORTHERN APPLACHIAN
CENTRAL aPPLACHIAN
SDUTHERN APPLACHIAN

MIDWEST

TOTaL EaSY

CENTRAL WEST

GULF

NyEo GREAT PLRINS
N,W, GHEAT PLRAINS
ROCKIES
SOUTHWEST
NORTHWEST

ALASKA

TOTAL WEST

TOTAL U,.S,

b
18,7

19,3

175.5

o2
18,2
241
1.5

18,9

187
12,6

33,4

Se.4

23.9

26,0
114
3.7

63,1

106,1

169,1

87'1
S59.7
b'z

12,0 °

165,0

(3}

X
.
<

2'3

167,3

a7,
c2e2

87,0

7.7

104,86

87,7,

T 0.3
15.9

87.4

163,7

17,9

17,9

181,6

4.4
36.2

0.6

1.2

ermvew

1'2

uy,8

16,2 T6e1 163,68
88,4 81,1 179,2
o2

11,8 88
51,4 104,0
ALY T ) LA L L X X 3 veacow

104,88 220,0 452.4

1.0 9.8 2046
51.9
32,8
138,49 19.7
8,0 2,1 17,8
29,7 . 1.0
S¢7
. o8
ceemnms esemee povece

5.5 21,1~ 59,1

110,3 491,2 511,5

239,9
260,53

19,9
152.4

672,49

30,3

S1.9

32,8
158,1
19,9
30.7
5'1
B

330,3

1002,7

180,0
189,48
22,4

137,10

538,9

-

-
WO sWo~O
M EEERE

~oO0OOrooo

N

101.0

639,59

cnonve

Q,b

L L L Y e e e e T T T Ll Rl L L L L L L T T T T g S ap oy Ly S USRS
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TABLE I-15

PAGE 21
1985 WID=RANGE/TRENDLONG SCENARID
WITH NATURAL GAS REGULATION

OIL IMPORY PRICES 15,32

RUN DATES 6,10

L
DEMAND HEGION RETAIL PRICE SuUMMARY IN 1978 §, STANDARD PHYSICAL UNIT

DEMAND REGIONS

SECTOR(FUEL) Ne=ENG, NY/NJ MID=ATL S,=ATL MICWEST S,mWES™ CENTRAL N=CNTR| * WEST N,>WEST "TOTAL
e bl bl A A A A A L AL L Ll Al L A Al L LA L A L L E A R A Tl Al L I L A Rl e I L P Y P P Y P Y Y T PR TR YRR T Y XYY YT
HESIDENTIAL .
(ELECT,) . 45,01 54,73 48,93 39,16 42,96 w,48 05,59 34,99 a3,62 19,92 61,25
(DIST,) 22470 23417 24426 24,69 22,18 22,79 21,54 22.6) 22,40 22.80 22,92
(LG) 15.62 16,08 17,33 17.33 1599 1573 15.69 16432 15,80 15,80 16,218
(cuaL) S1.94 49,25 47,13 49,91 1€,58 43,2C 44,55 37,42 46,20 42,45 © 47,24
(NG) 46T 4.26 3.69 3,25 31,20 2.48 2.46 24347 3,46 3,76 3.8
COmMMERCIAL . . -
(ELECT,) - 453,69 60,83 46,95 39,61 2,87 ®.4C 4,68 32,08 490,38 19,80 482,23
(DI87,) 2127 21467 21.95 21.98 23,05 23.28 20450 21.25 20,17 20,77 21,36
(RESID,) : 19,19 18,79 20.72 18,40 1§5,64 18.84 19.63 19,05 18,36 17,91 18,95
(LG) : 13,10 13,10 13,310 13,10 13,99 13,10 13,88 13,93 13,10 13,10 13,56
(€oaL) Sle9& 49,25 47,13 49,91 18,56 03,20 . 44,55 37,42 66,20 82,45 47,24
(ASPHALT) 19,16 19.18 19,18 19,08 .Ge27 18,83 18,93 19.2} 18,62 18,42 19,00
{NG) 3.9¢& 3463 3,20 2.72 286 2.57 3,60 3.23 2,92 3.15 3.08
RAW MATERIAL® N :
(LG) 13.87 18.87 18,86 18,73  38.82 18,49 18,48 18,68 18,08 18,08 18,53
(OIL) 19.18 19,18 19,18 19,08 T9.21 18,83 18,93 19,23 18,42 18,62 18,98
(~G) 3,36 2492 2077 2.26 2452 2.27 3,20 2473 2.52 2,448 2,43
INCUSTRIAL®we .
. (ELECT,) 33,0! 32,715 38,99 33,54 33,95 35,62 38,27 26,98 34,41 13,17 33,04
Y LDIST,? 2le2b 2157 22.52 22446 ¢1.0¢ 2la18. 20,40 21,48 20,77 20,77 21,8}
(RES1D,) 14,54 19,44 20,22 18419 19.48 1378 19,48 18,70 18,33 18,69 18,92
(LG) Jd.bT 15,01 15,82 15,89 15,31 13,85 15,07 15,48 14,81 16,81 19,21
fcoaLy” 51,90, 069,25 47,13. 49,9} 46,56 48,20 44,85 37,42 46,20 . 42,45 45,99
(MET COALen). 103,80 100.96 98,23 101,61 9,38 102,146 97,63 104,53 114,70 117,93 99,80
INAPHTHA) - 18,87 18.87 18,86 §8.73  iB.82 13,49 18,468 18,68 18,08 16,08 18,62
{NG) 3.39 2e92 277 232 2,52 2.27 3,24 .73 2452 24404 2e8}
TRANSPDRTATION -
CELECT,) 43,03 49,08 43,68 36,73 38,19 T 31,27 82,32 31,37 39,21 16,93 45,99
(DIST.) 27.9¢ 28,25 29.20 29,14 ¥7.70 27.86 27414 e8.16. 27,45 27,45 eb.ie
(RESID.) 18,5« 19,404 20.22 18,19 1FedS 13,78 19,44 18,70 18,33 18,69 18,98
(LG) 13.10 13.10 13.10 13,10 3,99 15,10 13,88 13,93 13,10 13,10 13,27
(GeSULINE) . 3L.71 32.88 31,59 31,15  Ij.26 33,03 30,59  30.79 31.56 31,62 31,28
(JET FUEL) 22,98 23,57 25,04 25429 282.55 23,19 21,91 e3.2e 22,89 22,089 23,51

L L R T L Lt LT T Y Tererey
*LIQUID Gas Iw THL RAw MATERIAL SECTOR INCLUOES LIQUID GA3 FEEDSTOCK,

*anET COAL INCLUDES 70% PREMIuUM COAL AMD 30% BITUMINDUS LON SULFUR COAL,

##e INDUSTRIAL SECTOR HERE DOES WNDT INCL JDE REFINENIES.
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TABLE 1-16

PAGE 22
1985 MIDRANGE/TRENDLONG SCEMARIO
WITH NATURAYL GAS REGULATION
OIL IMPORY PRICED 15,32
RUN DATE: 6.10
-DE~AND REGION AVERAGE RETAIL PRICE SUMMARY IN 1978 S/MILLION BYUS
L S
’ DEMAND KEGIONS
SECTOR (FUEL) Nw=ENG, NY/NJ MID=aTL S,=aTL MIDWEST $,=WEST CENTRAL NeCNTRL WEST N,*WEST T0Tal
P recmmct e ar v tm et R et Rt a T e rar e EErr e YR E eSS RS R P et AT AT e e r TSR AR N R R e a e
RESIDENTIAL . 5.1% 5.68 6,21 8,05 4,62 .5,25 4,47 6,18 3,60 4,83 5,488
(ELECY,) ) 13,49 16408 14,34 11,48 1259 12,18 13436 10.26 12419 5,84 12,09
(D18T,) 3.90 3.98 4,47 4,04 3,80 3,91 3.70 3,88 3,85 3485 3,93
{(LG) 3.90 4,01 ‘4,32 4,32 3.9¢ 3,92 3.9 4,07 3,94 3,94 4,00
(C0aL) 2¢31 259 2,09 2.22 2,07 1,92 1.98 166 2,05 1,89 2410
{NG) ) HeS53 4,13 3.5? 3.10 3,10 2,40 2.10 2.27 3.3% 3465 3,08
COMMERC TAL . 4,81 6,49 6,55 6,80 5,23 6,13 6,20 5,42 6,89 q,22 5,93
(ELECT,) 13,39 17.83 13,76 11,61 12,57 11,55 13,09 9,40 11,84 S.8% 12,38
(DIST,) 3.65 3072 3.77 3,77 3.6 3,65 3.52 3,65 - 357 3,57 Jeb7
(RESID,) T 2.89 2099 3,30 2.93 3,32 3,00 3,12 3,03 R.92 2485 3,01
(LG) 3.27 3.27 3.27 3.27 3,49 3,27 3,08 3,47 3,27 3,27 3,38
(coay) ’ 2¢31 2419 2009 2.2 2407 1,92 1.98 1.66 2,05 1,89 2.10
(ASPHALT) : 3.20 3,20 3,20 3,18 3,21 3,14 315 3.20 3,07 3,07 3,17
{NG) . 3.85 3.52 ‘3.10 2eb3 2,77 2,49 3049 3,13 2483 3,05 2495
RAW MATERIAL® 3,43 3.35 3,18 2492 3,25 3,27 3,29 3,20 3,08 2,82 3,22
(LG) 3.59 3,59 3,59 3,57 3,59 3,52 3.52 3.56 3,44 3,04 3,53
(01L) 3.20 3,20 3.20 3.18 3.21 3.14 3,15 3.20 3,07 5,07 3,18
(NG) 3.28 2483 2.68 2,19 240 2,20 3.14 2e6S 2,484 2437 2.+35
INDUSTRTAL®ws 4,90 u,87 d.b7 S,28 6,41 3,04 5402 3,54 3.95 3,30 4,10
(ELECT.) 11410 9,60 11,43 9,83 9,95 9,8% 11.22 7.9% 10,09 3,86 968
(01s87,) 3,565 3.70 3,87 3.86 3,69 3,b¢ 3,54 3.69 3,57 3,57 3.68
(HESTD,) 24995 3.09 3.22 2.B9 3,10 2499 3,09 2.98 2.92 2,97 3401
(LG) : 3,606 3,74 3,95 3,98 3.82 3.70 3,76 3.85 3.69 3,69 3,79
(COAL) . 243 2419 2.09 2422 2407 1.92 1.98 1,66 2,05 - 1,89 2,04
(MET COALew) 3,84 3.74 3.64 3.76 3,68 3,78 3,62 3,87 4,25 Q3,37 3,70
(NAPHTHA) 2,59 3,59 3,59 3.57 3.59 3.5¢2 3.52 3,56 3,44 3,84 3,55
(NG) 3,28 2483 268 2e264 2484 2.20 3,14 2.65 2064 237 2.36
TRaNSPDRTATIUN Se73 S.79 S.66 562 Seb7 S.22 5,52 S,49 5,38 -TL T $,5%
(ELECT,) 12,61 14,39 12,80 10,77 11,19 10,92 12,40 9,19 11,49 4,9 13,48
(N1ST,) 6,80 4,85 5,01 5.00 418 4,78 4,66 4,83 G714 [PRA 4,83
(RES10,) 2,95 3,09 3,22 2489 3,10 2.99 3,09 2.98 2,92 2,97 3,01
(LG} 3,27 3.27 3,27 3,27 3,49 3,27 3.48 3,47 3.27 3.27 3.31
(GASOLINE) 6,00 6e27 6.02 5,96 S5.96 S.72 5,83 5.87 5,04 6.02 S,96
(JET FUEL) 4,12 4,23 6,489 4,54 4,05 a,16 3.93 Ge1Y 4,10 4,10 6,22
LI X TS L LY ] pormean sesowe LLELL Y ) roecesy eervae pesenw nenewn sumees seweas
AVERAGE PRIZE Se18 5.69 5.39 5,89 4,88 3,87 5,09 ¢,5% 9,14 8,82 4,94

S ikttt ettt e O ettt ittt LI L L L L DAL PR L L PSS ELLEL ELE L R P RLLLEE LI LT L Y

*LIGUID 6a® IN THE RAw MATERIAL SECTOR INCLUDES LIOUID GAS FEEDSTOCK,

«eMET COAL INCLUJES 70X PRENIUM CUAL AND 30% BITUMINOUS LOW SULFUR CDAL,

*enINDUSTRIAL SECTOR nERE QOES NOT INCLUDE WEFINERIES,.



The Total Divestiture Run

We are interested in comparing to the baseline runs presented
above, a run representing the situation with total divestiture.
Total divestiture is represented as an equalization of rates of
return in the model since differences in relevant ownership
characteristics would no longer exist. Further, we have added
a slight (10% each) increase in capital and labor costs to
simulate the increased costs to firms and a .less than optimal
based organization. Tablés I-17 through I-21 present the PIES
tables which arevcomparéble to the ones presented for the PIES
Tun representing the baseline cases'.

Table 1-17 shows that, for the total divestiture run, a
total 1985 supply of coal of approximately 1,014.7 million'sﬁort '
tons is forecast. Referring to Table I-18,, this domestic supply
figure is roughly equivalent to 22.5 quadrillion BTU's. The
total divestiture run shows a total supply of approximately
94.1 yuadrillion BTU's.

The céal regional production summary, Table I-19, shows
production by mine type. The 1985 forecast value for total
Eastern production is 680.1 million short tons. For the West,-
this figure is 334.5 million short tons of annual mineiproduction.
This gives a total U.S. production figure in 1985 of 1,014.7
million short tons.

Table I-20 shows that the residential and commercial prices
for coal in 1985 are expected to be $39.62 per ton, with an
industrial price of $38.56. Table 1-21 shOws.the same figures

in BTU's. Commercial and industrial prices for coal are forecast



18-1

TABLE I-17

PAGE 1
L T
1985 MID-RaANGE/TRENDLONG SCENAR]O
WITH NATURAL GAS REGULATJION

DIL IMPDRY PRICES 15,32
RUN DATE: | T 6,09
. ----.---.---.-----.--.-.----.-..-.-----.
EXECUTIVE DATA SUMMARY
eesvenusncccusvoacanae
UNITED STATES TOTAL GROSS SUPPLY/CONSUMPTION OF ENERGY RESOURCES
~ ENERGY BUURCES IN STANDARD PHYSICAL UNITS PEW YEAR

MYDRO,SOLAR, SOLAR/GED TOTAL ELEC,
s:c1oR COAL oIL GAS - NUCLEAR GEDTHERHAL FOSSIL SUBSY, DISTRIBUYED
’ T (MMST) (mMB) (BCF) (MMKKWH) (HMMXWH) (YBTU) (MMMKWH)
g T LT PP YY
"DOMESTIC SUPPLY! 1014.66 3735.50 16729,.70 Sbb.49 410,02 119,86 3006471
(COAL,GAS,ELEL,) 1014,66 13508,38 . Sbb,u9 395,67 3006.7}
(CRUDE) . 1262,15 .
(CO=PRODUCTS/ASSDC, GAS) 456,20 3221.32
(SYNTHETYICS) ’ . C .
(SHALE) : ' 17,15 ’
(DIRECY SNLAR/GED) . 140,35 119,86
IHMPORTSE =~ = - - . 76,00 020,57 1853,77
(CRUDE) C 2830.03 -
(PRODUCTS) X . . 1190.54a
(LNG) - .- 947,77
(CANADIANIHEXICLN) : . 906,00
(CoaL) 74,00 : ) ] )
. . P vesemase  seeevess resceeee , cesmvoow Fpep——— C mewveows
YOTAL SUPPLY 940,66 7756407 18583,47 566,49 . . 810,02 119,86 3006,71
GAINS(+)/LOUSSES(=) T 204,36 o 46,38 35,70 251,12
L Y Y R R L Y P D R L A L A Al L L R L TRl R AL L R L L L A L LIl Il Al Al il L ad d ]
CONSUHPTIDN! .
RESIDENTIAL . . 1404 709.61 5267.58 4,46 . 43,39 829,85
COMMERCIAL ‘ B -1 596,81 1852,63 5,09 20,461 685.89
INDUSTRIAL 196,47 2036,08 9863,60 ) o 4,80 56,06 1213,8¢
YRANSPORTATION 02 3901.74 398417 : . ’ 4,095
"ELECTRICAL GENERATION 729,91 547.08 2046,08 : 2733,.62e
SYNTHETICS ° : 13,66 169411 : 872.16"
Seeecoes YL T ) PResenww LT Y XY T Y ) snweoeones sPwessvay | seweseoen
TOYAL DUMESTIC CONSUMPTION 961,66 960,70 18555,88 14,35, 119,86 »00

e Y e S R L L P L P PR L T SR L P S T L XS LR S d il el et AL AR At Ll bbbt b bbb Al bbbl hd b bt ddd

NOTE: OIL XHPORTS InN HNB/CD ® 11,02
GAS CONSUMPTION IN THE YWANSPORTATION SECTOR INCLUDES NATURAL GAS -RANSPORTATIDN LOS3ES,
INDUSTRIAL CONSUMPTION INCLUDES REFINERY FUEL CONSUMPTION, -
GAINS ARE KEFINERY GAINS, LDSSES ARE TRANSMISSION LOSSES,
SUPHLI/DEMAND IMBALANCES May BE DUE T0 ERRORS wITHIN THE EQUILIBRATION CDNVERGENCE TOLERANCE,
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TABLE I-18

PAGE 2
Pemesesrasccesresnr e rasansaRarssennanss
1985 MIN=RANGE/TRENDLONG SCENARID
WITH NATURAL GAS REGULATION &
OIL IMPORT PRICES 15,32
RUN DATE} 6,09 ]
EXECUTIVE DATA SUMMARY L L T R N T T Y T
weecenattermemracannne
uquEo 57 ATES T0T4L GRDSS SUPPLY/CONSUHPTION DF ENERGV RESOURCES
ENERGY SOURCES IN TRILLIOMS OF BTU™S PER YEAR
D T T T T L U,
‘ TOTAL . HYDRD TOTAL &6 GROSS T0TAL ¢ UTILITY NET FOUR
: : . FDSSIL . SCLAR - SECTYDR ELECT, SECTOR ELECTRIC SECTUR
SECTOR coaL 013 GaS FUEL NUCLEaR GEOQ, INPUTS INPUTS INPUTS  DISTRIB, INPUTS
B T T
DOMESTIC SUPPLYY . 22543 21030 17265 60838 6231 a220 10259
(COBL,GAS,ELEC,) 22s43 13943 36480 e23: 3357 : 10259
(ZRUDE) 18986 18986
(0=PRUDUCTS/ABS0C, GAS) 1540 3324 5289
(SYNTHETICS)Y | - : .
(SHALE) Lo0 100
(DIRECY SOLARAGEQ) . ' 263
IMPOKTSS 1938 - 23189 1913 23184
(CRUDE) 16£71 f0a11"
(PRODUCTS) 67118 6718
(LNG) . 978 978
(CANADIAN/MEXIZAN) 93s 935
(coaL) L1318 ' 198
. : . eseerve  owsmmn swesoew eseeew 2 LY aeswey RIYY Y ersevaw veoeny owenve sesene
10T4L SUPPLY . 20623 usp)e 19178 aso022 - 6231 ez20 94473 10259
GAINS () /{LUSSES(e) 360 -857e
.......-....--...-.....-...--....-...-......--......--....--........-..-.-.......-..--......----...-.-..........................
ZONSUMPT10NS . ) .
RESIDENTIAL 20 3838 Sa%e 9258 - 85 9386 9838 18900 2831 12217
CGM=ERCTAL 13 35%9 1932 SqE3 T 5555 7868 13619 2340 7898
INDUSTRIAL . aey0 ty2e3 10179 263%e 108 26456 13917 ao3r3 ¢1a2 30598
TRANSPURTATION : 20954 (3%} 2136eS : 21385 1Y 21412 14 2137%
ELECTRICAL GENERATIDM 15¢92 3385 112 20958 6231 3951 31146 9327
SYNTHETICS - 208 ere S00= 196 : 196
Paaowe semsoe wecavs - prceew sscane mewaan Pocane soavee sewose ., ®esavre sevoaw
“DTAL CONSUMPIICN | 20648 &385%6 . 19150 83653 6233 Y414 94104 31362 - 94100 72090

A X I A2 A L XA AT R LRI YL R X 1L LA XY Yy.] -.-..O-..--.-"--.“-O....'--....-a----.f...-..l--l---.---..-----..--..‘-.I..---.-.....-.
NDTES: GAS CONBUMPTIUN IN THE TRANSPIRTATION SECTOR INCLUDES NATJRAL GAS TRANSPDRTAYION LOSSES,
INDUSTRIAL  CONSUMPTION INCLUCES REFINERY FUEL CONSUMPTION,
LOSSES ARE REFINERY CHACKING LOSSES anp ELECTRICITY TRANS41SSI1DN LDSSES. .
NVD/SGLIGED ENTRY EBTINATES BTU CONBUMPTION FOR AN EOUIVA-ENT FDSSIL FUEL PLANY AT 10000 BTU/KWH,
NUCLEAR ENThY ESTIMNATEZ B8TYU CONSUMPTION FOR AN EQUIVALENT FOSS51,. FUEL PLANT AT 11000 BTU/KNWH,
SUPPLY/DEMAND IMBALANCELS nMRaY BE OUE TO ERRORS MXVHIN THE :GUILIBRATION CONVERGENCE TOLERANCE
- QK AYERAGE BTy CONVERSDION OF sGGREGATES,
DIRECT SOLAR/GED SUR2LY INCLUCES FOSSIL FUEL DEMAND REPLACLEMENT IN TB8TUS OF 119.86
AND ELZCTRICITY DEMAYD REPLACE“ENT 4T ;6000 BTUSYKNH OF DLMAND IN T3TUS OF 143,50

TOTAL SUPP.Y QUADS NET OF REFINERY CIACKING LO8SS Sd,.31
TOTAL GRDSS IUADS CONSUMED: . 94.10
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TABLE I-19

PAGE 10

PerewcrrrevervrreseresresancerebotononanD
1985 MID=RANGE/TRENDLONG SCENARID
WITH NATURAL GAS REGULATION

DIL IMPORT PRICE® 15.32
~ RUN DATE: 6,09

COAL REGIUNAL PRODUCTION SUMMARY IN MILLION SHORT TONS PER YEAR (BY HINE TYPE)

LOW SULFUR . .MENIUM SULFUR HIGK SULFUR PRENIUM - TOTAL 1975 GROWTH
REGION SURFACE  OEEP SURFACE  DEEP SURFACE  DEEP SURFACE DEEP SURFACE  DEEP TOTAL TOTAL RATE
LAl A L el A Ll el At L AL P L L L L R L L e R e T PP Y Y YT Y Y )
NORTHERN APPLACHIAN N v2 23.1 8240 50,5 ST,5 4.4 1642 78,7 15643  235.0 180,0 2.7
CENIRAL APPLACHIAN 18,7 15,3 24,0 S8.b 2,2 1548 35,5 89,1 80,6 178,6 259,0 189,4 3,2
SOUTHERN APPLACHIAN : 2ol 11,4 (X .2 11,4 8,4 19.9 22,4 1,8m
MIDWEST - SV 1e4 3,3 12.8 46,3  102.6 49,5  116,9  166,4  137,4 2,0
FeenRE CEPRPNE EECTES CECREP Pereees STATEe SRECEP SETEEN ERETEE PLRESES emneey EEReESs Seevew
TOTAL EAST 19,3 18,9 61,8 159,9 99,0 175.8 39.9  105,5 . 220,0  460,1 6804} 538,9 2.4
CENTRAL WEBY . 141 ] ol T 1586 1.2 1ed 9,8 1842 28,0 10,0 10,8
GULF ) ' 5149 ) : 51.9 'S1,9 11,0 16,8
N,E. GREAT PLAINS 1e1 32,1 o . 33,1 33,8 9,0 13,9
NeW, GREAT PLAJINS 160,8 16,95 ° S,.4a : : 106,2 18,5 16G,6 45,6 13,7
ROCKIES 1.7 13,4 9 1.2 ’ 4,0 2.6 18,6 21,3 14,98 3.6
SOUTHWEST S.4 22.7 1,0 - - 28,1 1.0 29,1 16,0 642
NOWTHWEST Sl © 5.7 : Se? 3,7 8,4,
ALASKA . o8 8 »8 o8 3
PeRTEs WREOAE BRPENER CNEERE REECEP NFENAE CEERELE Reeves YReeER FnewEy Soncey eoreey Eeewew
TOTAL WEST 155,8 33,0 113,9 2+3 7.7 15,6 1.2 5,5 218,2 S6,3 338,95 101,0 12,7
. memave secEnn seerEs seaeBe Reemse eeeeve eeceEs sesves mascse wrescsa wausces Ssseses seseme
. YOTAL UWS, : 174,7 51,9 17S,7 16241 106,88 191,4 Q1,1 111,0 498,2 516,5° 10146,7 639,9 4,7

L L L N b L T L L T X T T T T R e A L T T Y T YT Y
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TABLE I-20

] PAGE 2%
1985 MID=RANGE/TRENILONG SCENARIO
WITW NATURAL GAS REGULATION
DIL IMPORY FRICE! 15,32
RUN DATE ’ 6,09
LR LR T P P I R R IR R PR YR Y R T Y )
DEMAND REGIDN RETAIL PRICE SUMMARY IN 3978 3/ STANDARD PRYSICAL- UNIT
L T IO ORI
’ . DEMAND REGIONE . . . !
SECTOK(FUEL HreENG, NY/NJ MID=ATL S,=3TL MIDWESY 8,-WEST ZENTRAL N=CNTRL WEST N, eWEST TOTAL
et ecemrceLn PR e R as e R s s e R Cr et e s aa RN e PR TN AR et R e et e e e et e N e T e s ReenE
RESIDENTIAL oo .
(ELECT,) . 5,98 54,69 AB,B4 39,06 Q2,76 a1,14 65,28 34,59 43,59 19,94 41,1
(0187,) 22,69  23.%17 24,26 20,69 224:8 22,99 21,56 22.61 22,60 22,40 22,92
(Le) - 15¢62 16,08 17,33 1733 1599 15.73 15469 16432 15,80 15,80 16421
(coaLl ) 51,68 @8,79 ab,67 9,45 65,93 . 42,00 43,85 36,97 45,73 41,78  ub,b¢
("5) . 467 ay28 - 3.69 3,25 3,20 2.6 2eib 2,34 3,80 3,78 3,18
CIAMERCTAL .
(ELECY,) - . aS, &6 60,79 46,85 39,51 82,88 39,C7 04,37 31.68 80,35 19,86 42,08
- (DI8T,) : . P1.27 21,68 21,95 21,98 21,08 21,88 20,50 21,25 20,76 20,76 21,36
(RESID,) 16.20 18,80 20,73 16,44 19,84 18,86 19,63 19,04 $18.35 - 17,90 18,96
(LG) 13,10 13,10 13,10 13,10 13,99 13,10 13,88 13,93 13,30 13,10 13,5¢
(coaL) ) . 51,48 Q8,79 46,67 49,45 45,93 42,70 43,85 36,97 85,73 61,78 46,69
(aSPHALT] 19419 19419 19419 19,08 19.27 18,83 18,93 19,23 18,62 18,42 19,00
-(NG) T 3,98 3,63 3,20 2.72 2466 2,59 3,60 " 3,23 2.92 3,45 3,04
FAw NATERIals ~ ) . -
ey : 18,87 ° 18.87 18,87 18,74 18,82 18469 18,47 18,68 18,07 18,07 18,53
(o010 o 19.19 19,19 19,19 19,08 19,27 ~ 18.83 18,93 19,21 18.42 18,82 18,98
T(NGY . . 11 2492 277 2026 2.52 206" 3.2¢ 2.73 2.52 2,44 2,96
INDUSTRYIALwes . : .
(ELECT,) . 37,98 32,72 38,89 33,40 33,78 33,28 37,96 26,58 36,37 13,19 32,89
(01s71,) : 2126 21,57 22.52  22.46° 2f.C2 21e17 20,66 - 21,48 20,76 20,76 21,41
(RESIC,) ' ’ 16455 19,05 20,22 - 15,20 19,49 18,78 19,04 18.70 18,33 18,68 18,93
(L6 14,7 15,08 15,82 15,89 15.31 14,85 15,07 15,46 14,88 14,81 15,21
(COALY ’ © SletB . GB.YG 86,67 49,45  45.93 32,70 43,85 36,97 45,73 ° G1.78 45,43
(MEY COaLww) ECb.24 105,40 102,67 106,05 103.82 13106.5% 102,07 108,97 119,1¢ 122,36 104,23
(NAPMTHA] . ' 18,87 18487 18,87 1B,7¢ - 18.82 18,45 18,47 18,68 18,07 18,07 18,62
(NG) 3.39 2.92 2.1 2.31 2.52 2. 28 3,24 2.73 2452 ° 2.64 2,42
TEANSPORTATION .
(ELECT,) ' ¢3,00 89,05 43,58 35,63 38,00 55,93 42,01 30,96 39,18 ° 16,95 45,92
(0181,) 27,94 28425 29,20 28,14 27.70 27,85 27.18 28,16 27,88 27,44 28,12
(RESID,) 18455 19,45 20,22 18,20 19.49 16,79 19,44 18,70 18,33 16,68 18,94
(LG) 13610 13,10 13.10 13,10 13,99 13,18 13.88 13,93 13,10 13,10 13,27
(GASGLIME) . 31,73 32,RA9 - 31,59 31415 3329 50,08 30,59 30.79 31,54 31,69 31,28
(JET FUEL) - : 22,99 23,58 25,05  25.30 22.55 23,23 21,91 23,22 22.848 22,86 23,91

B LT
*LIOUIL GAE IN TME Raw MATERJAL SECTOUR INCLUDES LIOUID GaS FEEDSTOCK,

*oHET COAL INCLJDES 70% PHEXIUKH CLAL AND 30X RITUHINDUS LON SULFUR COAL,

*»2 INDUSTREAL SICTOR HERE DOES NOT INCLUDE REFINERIES,
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TABLE I-21

PAGE 22

Y
1985 MID=RANGE/TRENDLONG SCENARIO
WITH NATURAL GAS REGULATION

OIL IMPORY PRICE? 15,32
RUN DATES 6,09
U
DEMAND WEGIUN AVERAGE “EYAIL PRICE SUMMARY IN 1978 $/MILLION RTUS

-----.------------..-------------------..-n----.----------------------o-----o--.----------------------9-.-...--------..-----oc

DEmMAND REGIONS

SECTYOW (FUEL) NW=ENG, NY/NJ MIDwATL S,2ATL MIDWEST §,=WEST CENTRAL ~-c~rnL WEST  N,»WEST TOTAL
(A4 A2 A A LA A2 A I L L I I PR R L R LA N R R AL LR R Y L R AR L A R L LI L R R L R R R P Y R RN P L R LA N R L R R L A R R N g ]
NESIDENTIAL TSV 5,68 bo21 8,04 Goeb) 5,24 q,46 U,16 5,60 4,83 S,85
(ELECT,) 13,08 16,03 . 14,32 11,45 12,53 12,06 13,27 10,16 12,77 5,84 12,05
(0181,) . 3,90 3.98 8,17 4,24 3,80 3,914 3,70  3.88 3.85 3,85 3,93
(LG) 3.90 te0Y 60,32 4,32 3,99 - 3,92 3,9 4,07 3,94 3,94 &,08
(coaL) - 2.29 217 2407 . 2,20 2400 1490 1.95 1.60 2,03 1,86 208
(NG) 4,53 4,13 3,57 3,14 3,10 2,40 2,09 2.26 3,35 3,65 3,08
COMMERCIAL " 4,81 6.49" 6455 6479 5,23 6410 5.18 5,39 6,88 4,22 5,92
(ELECT,) ) 13,38  317.82 13,73 13,58  12.5!¢ 11,85 13,00 9,28  11.83 .82 12,33
(018T,) : 3,65 3.72 3,77 3,77 36} 3,65 3,52 - 3.65 3,56 3,956 3,67
(RESID.) 2.89 2,99 3,30 2.9% 3.12 3,00 3.2 3.03 2.92 2485 3,01
(Le) . 3.27 3,27 3,27 3,27 - %48 3,27 3,46 3v47 3,27 3,27 3,38
(coaLY . : 2.29 2.1 2,07 2,20 2400 1,90 1,95 1.68 2,03 1,86 2,08
(ASPHALT) 3,20 3,20 3,20 3,18 3,21 3,14 3,15 3,20 3,07 3,07 3,17
(nG) . 3.85 3.52 - 3,10 2,63 2.7 2053 3,49 3,13 2,83 . 3,09 2,95
RAW MATERIAL® ) 3,43 3,35 3,18 2,92 3,29 3,27 3,29 3.21 3,08 2.92 3,22
(Le) - 3.60 3460 3¢50 3,57 3,59 3.52 3,52 3456 3,49 S,40 3,53
(0IL) , . 3.20 3.20 3,20 3,18 3.21 3,14 3,15 3,20 3,07 3,07 R
(NG) : 3.28 2.83 EY 2419 ° 2.44 2.21 3.14 2465 2444 2,37 2.34
INDUSTRIALewe . L9890 4,90 4,73 S.29 q,4% 3,04 S.00 3,54 ° 3,95 ° 3,30 8,11
(ELECT,) . - R 1;.13 9.89  11.40 9,80 9,90 .76 11,13 7.79 10,07 3.87 9,64
(0IST,) . 3.65 3,70 3,87 3,86 3,61 3,60 3,51 3,69 3,56 3,56 - 3,68
"(RESIDy) . 2495 3.09 3,22 2089 3,10 2,99 3,09 2497 ‘2492 2497 3,01
(Le) - = b TXYY 370 3.95 3,98 3.82 3,70 3,76 3,85 3,89 3,69 3,79
(COAL) . : 2.29 2017 2,07 2e20 . 2.08 1.90 1495 1,64 2,03 . 1,86 2.02
(MET COaLwr) 4,01 3.90 . 3.80 3,93 3,85 3,95 3,78 4,04 4,43 4,537 3.8b
(NAPHTHA) . 3,60 3e80 - 3480 3,87 359 3,52 3,52 3,56 3.4 - 3,44 3.55
(NG) . 3,279 2.83 2068 2.24 200 2,21 3,14 2465 2.04 2,37 2435
TRANSPORTATION 5,73 5,79 Sebb S.62 .67 5,22 - 95,52 5,49 S.37 5,82 5,5%
(ELECT,) : 12460 18,38 52,77 104764 11.10 10,82 12,31 9.07 11,68 6,91 13,3
(DIST,) 4,80 4,85 S.01 5400 4,78 4,78 . Uebb 4,83 4,71 Q,71 6,83
(RESID,) 2.95 3,09 - 3,22 2489 3.10 2,99 3,09 2,97 2.92 2,97 . 3.ox
(L) .27 3.27 .27 3. 27 3,09 . 3,27 3,06 3,07 ‘3.27 3,27 3.31
{GASOLINE) beDU 6,27 5,02 5.94 5,96 5.712 5,83 5.87 6.0} 6,02 5,98
(JET FUEL) 4013 “vas 4,50 4,54 4,09 Held 3,93 Q17 4,10 u,.lo ¢,22
. Prenee 'I---. (A XX X 3 J L L L0 2 emove® mepeew soenew cowpey vuepray LA LA & 2 J LA A2 2]
AVERAGE PKICE 5,18 5,69 5,42 5,89 u,88 3,87 5,08 4.5% 5,14 Gou2 4,95

----.--------.-..--Q-..-.--...I--..--..-'----.---.-.-.---..-----.--.--.'-.Q.-.---.----,.--..-.--.-.--Q.---.'—--.I-O'-..---.-..

- «LIVUID GAS IN THE Raw MATERI&{ SECTOR INCLUDES LIOUID GAS FEEDSTOCK.
**HET COAL INCLUDEE 70X PREMIUN CUAL AND 30X BITUMINDUS LOW SULFUR COAL,

"‘!NDUSTkIAL SECTCLR HERE DOES NOT INCLUDE REFINERIES,



to be $1.77 per million BTU's and $1.71 per million BTU's, respec-

tively.

The Restraint Scenario

The PIES runs'reflecting the Restraint scenario are not avail-
able as of this report: However,-the ones which are forthcoming are
set up to allow for an increase of the mid-range Baseline 1 rates
of return by 2 percentage_points,each.-»The rationale is that
the establishment of rcstraint by law will effectively erect
barriers to entry in thc coal industry which specifically'bér
the most likely potehtial‘entrants‘(oil.firms). The direct
impact of this, as interpreted'in-the'modeL would be the increase
in ROR for both oil and non-o0il. Both ownership clésses'of exis-
ting firms gain and are eble to.raise ROR withoﬁt attracting
entrants. We expect this run to show that,‘relafive to Baseline 1,

restraint will cause less quantity and higher prices-inv1985.

LComparison of Scenarios

Table 1-22 presents the various runs and their assumptions.
As mentioned before, because of other priorities, DOE cannot
run the requisity PIES tuns for all of these runs at this time.
We do have PIES results for some of the more basic runs, however.

The rest will be presented in our addendum.



TABLE 1-22

SUMMARY OF RUN ASSUMPTIONS

%4
ROR 'ROR 0il Capital | 0il
Scenario ~”0%1 .Nogoil Costs Wages
Baseline 1
Lower 1 8 -- --
Mid 3 8 .- --
Upper 8 8 -- --
Baseline 2
Lower Kl ' 3 -- --
Mid 10 8 -- --
Upper 13 8 -- --
Total Divestiture
Lower 8 8 D +5
Mid 8 8 110 +10
Upper 8 8 +20 +20
Restraint
Lower 3 8 -- --
Mid 5 10 -- --
Upper 8 13 -- --
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We compare three runs here. We compare Baseline 1 to Total
Divestiture and Baseline 2 to Total Divestiture. For Baseline 1
and Total Divestiture the midrange cases are presented while
for Baseline 2, the upper case is presented. The results;of
these runs are summarized in Table I-23..

As Table 1-23 clearly indicates, the results are dependgnt
upon one's assumption about the baseline. If Baseline 1 is .
believed, i.e., synergism and growth maxim;zation are possihilities,
then the imposition of Total Divestiture will lower quantities
of coal available in 1985 and increaSe the pricé. If one
believes that Baseline 2 is more realistic,‘i.e., monopoly power
allows higherbrates of return to be earned by oil companies on
their coal assets, then the opposite result is obtained. Comparing
Total Divestiture to Baseline 2 yields an increase in coal
available and decrease in price.

.The quantity differences are small and roughly sfmmetric in
the two comparisons. The change in quantity under Total Dives-
titure‘ié approximately t 1.5%, For prices, however; going from
Baseline 1 to Total Divestiture yields abproximately a 6% increase
in the industrial price of coal. 'Converscly,ifrom Baseline 2
to Total Divestiture would only yield»apprbximately a 10% decrcase

in price.



TABLE 1-23

SUMMARY OF PRICE AND QUANTITY
FORECASTS FOR 1985 UNDER
ALTERNATIVE ASSUMPTIONS

Scenario- 1985 Production 1985 Ind. Pfice
Baseline 1 1,029.7 ' ' ' $36.49
Baseline 2 1,002.7 39.03
Total Divestiture 1,014.7 ' 48.56
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CHAPTER 2-1
- THE ECONOMICS OF DIVESTITURE

There are four main ways in which divestiture may affect the

behavior or performance of the coal industry in directions that

are relevant to this study. The first is through so-called
“"synergistic'" effects, e.g., useful téchnology that might fail
to be transferred to coal from oil if o0il companies were not.
present in the coal industry. Th¢ secbnd is effects of possible
differences in the investment and growth policieé_of oil'coﬁ—
panies owning.coal‘reserves cohpared to the’cor}esponding' |
policies of'companies‘that might‘Succeed themﬂ The third is the
effects on déplétion rates and the'fOUrth is'througﬁ effects on the
competitive behavior of the coal industry as-a'ﬁhble réSulfing |
from the presence or absence of oil cbmpaniés. _Féliowing a
 gehera1 discussion,nthese fbur'éiements afe discussed in turn:
ﬁow'Should the "eviction" of a‘'certain type of cémpany from
d certain industryiaffect the sﬁbéédgent perfofmance,of{that' |
industry? Subsequent perfbrmance‘can‘befsigﬂificantiy.affectedl
if, and oniy if, the -companies tﬁét'éuéceed fhé'evictéd companies.
haVé}both'the'desire énd_the méans'to Behéve/perfcrm difféfentiy |
‘from the evicted édmpanies, in. this case; édal-bwning:oil
Lcompanies. A considerableportion of traditional économic
‘theory has nothing whatsoever to say on this question, as.it
assumes. that the behavior or perforﬁénce:of firms and industries -
is-determined mainly by'conditions‘that~transcend any.motives

that firms of different types might or might not possess.

[gN]
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There exists, however, an alternative group of economic theories
which may be referred to as 'discretionary” or "managerial'
theories, that do provide some answers to these questions.

These theories can be combined with relevant aspects of tradi-
tional theory to provide a useful framework for the divesfiture

problem.

The Economic Implications of Legislative Divestiture

Divestiture prohibits a class of firms from continuing to
carry on a certain typc of business. It may rcquirc that all
firms'of the class divest themselves of their existing assets
in that bﬁsiness, or it may only prevent future acquisitions.
The first kind of action méy be called .divestiture proper, the
second, restraint. Assuming that the type of business in ques-
tion (e.g., the coal business) is profitable, and also thét
other classes of firms will not legally be restrained from entry,
one may assume that in the case of divestiture proper some other
firms--either already in the industry or from outside--will
wholly or partly seek entry into the divested activity. In the
case of restraint, some paft of any expected future growth of
.the industry that would otherwise have been accounted for by
restrained companies, e.g., oil-oWnéd éoal_companies, will be taken.
up by othcr organizations cecithcr from within or outside thc industry.
In the case.of either divestiture or restraint it is convenient to
speak of organizations that may replace the actual or potential
coal productién of oil-owned coal companies as 'successor" firms.

The possible differences in the policies of successor companies,



as compared with either oil companies or existing non-oil coal
companies are obviously crucial elements in this inquiry.

Private industrial corporations are free to vary their
policies with respect to investment and output if, and only if,
circumstances are such as to endow them with ecoﬁomic discre-
tion.l/ Divestiture or restraint can affect policies, therefore;
only if discretionary circumstances are already present or are:
created by the legislation itself. Otherwise divested organi-
zations and Successbr organizations must behave identically and
neither divestiture nor restraint will signifiéantly affect the
coal market.

Necessary conditions for divestiture to have significant
economié effects are not however sufficient conditions. It is
also necessary that divested and successor  -firms not only have
the meansAto behave différently from one another but also wish
to do so. In addition to the economics of discretionary behavior,
we are also required to consider the general theory of business |
motivation; in particular, as it predicts that the motives of one
type of corporation, such as an oil company in the coal business,
'may diffeerr not diffef from that of énother type of business

2/

such as an independent coal operator.—

1/ "Economic discretion" is said to exist when firms who
pursue policies other than those which strictly maximize the
financial returns to stockholders can at least survive and
probably prosper. See O. E. Williamson, The Economics of
Discretionary Behavior, 1964.

2/ For background, see Williamson, ibid., and/or Marris,
"A- Model of the Managerial Enterprise,'" Quarterly Journal of
Economics (1963).




Let us assume that oil companies have the necessary discre-"
tion to choose and execute policies that could differ signifi;
cantly from those of successor companies. They are conglomérates
by virtue of their diversification into coal and other activifieé;
their main business, oil, is conducted,undér conditions far from
pure competition, and tﬁé coal business itseif, though more com-
petitive than the o0il business, is mére appfopriately deséribed
as '"low-level oligopoiy”é/’than perfect competitioﬁ. Therefore,
with respect to investment, technologiéaL and-  output decisions,
0il .companies in the coal industry are by no means confined to a
narrow framework; for example, they are to a-considerable extent
free to choose whether to.devote.availéble cash to developing
their coal interests qgickly, 6r-élternative1y to .delay develop—
ment while employing the-séme cash fesources in non-coal activi-
ties or iﬁ portfolio investment. fThey may choose different
depletion rates (see discussion below) ffqm other owners or
lessors ofléoal reserves,'a type of action that is,. of course,
the obvgrse of differenf investment policies.

0il companies may also possess different technological
resources from other compénieé and might have, in this respect,
the means for pérformahcé different from noh:oil-ownéd cqél
companies.in the coal industry. A differencé in technological

orientation and know-how among oil companies could be transferred

3/ A technical expression for conditions in which the effec-.
tive number of producers in-a defined market is too large for
'sophisticated cooperation but small enough relative to the rele-
vant conditions, that simple interdependent behavior will occur.



through direct investment into coal mining tecﬁnology in their

coal subsidiaries; divestiture would bar this transfer and thus
affect. the technological development of the coal industry. The
implications of this point, which is based on the idea of

"synergy" betweeﬁ the technological, administrative éhd commer -
cial fuﬁctions of business corporations is furthef diséussed'
below. Its significance depends on the extent to which the
technology in question,;if barred from transfer.byAthé direct-
investment route would not, in the event of divestiture, eventually
find its way into the ¢oa1'industry by alternative routes.

It ﬁas also been argued that oil‘companieé have, in general,
access to either 1arger.and/or cheapef supplies of cépital
than'sucéessqr-compaﬁies-might have, If it is true that oil
‘compéniesAhave access to relatively cheaper supplies of capital
than successor companies, non-divestiture will affect coal
" industry performance only if the cheaper capital results in in-
vestments in coal which would yield lower éxpectéd.rates of
return than would be required byAéuccessor companiés. To assume
that oil companies would behave in. this way is a larger step than
is sometimes supposed, and by no means,netessarily a logical step.
There is mno pfesumption'that mere possession of cheép capital is
 reason enough fér undertaking relatively low-yielding |
investments when, as is evidéntlx th¢ case for oil companies;
otﬁer investment outlets are ‘also available. For example, if
01l companies were strictly,ﬁdtivated td maximize the interests

of their stockholders, it might_Be"argued (particularly if
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"synergistic" effects are discounted) that if oil companies have
excess cash, this should be returned to stockholders to reinvest
according to their individual expectations and interests

lternatively, if management believes that it has access to a
range of better investment opportunities (including skilled ﬁort-
folio management) than do individual stockholders acting albne, rather
than undertake low-yielding .investments in coal, it might be better
for stockholders of the companies to invest in other industries or

in portfolios. Consequently, if oil companiés do? and non-0il com-
panies do not, in fact, strictly pursue policies which maximizé

stockholder welfare, divestiture would have no economic impact.
There is, however, some empirical evidence that large corpora-
tions, although considerably influenced by Stockholder'interests;
do not pursue policies that strictly maximize such interests.ﬂf
Any investigation of the economic impact of divestiture must,
therefore, take account of alternative objectives. It is there-
fore necessary, in order to study thc divestiture problem, to
combine appropriate élements of "traditional" economic theory
with elements from the theories that have developed over the past
twcnty years that are especially concerned with the implications'
of the presence of multiple objectives in the decision-making

and general behavior of large business corporations.

4/ See, for example, W.J. Baumol, Business Behavior Values
and Growth, 1959; R. Marris, op. cit.; Williamson, op. cit.;
R. Marris, The Economic Theory of "Managerial' Capitalism, Chaps.
2 and 5, 1964; Dennis Mueller, "A Theory of Conglomerate Mergers,"
Quarterly Journal of Economics, 1969; Dennis Mueller, "A Life- B
Cycle Theory of the Firm,'" Journal of Industrial Economics, 1972;
Dennis Mueller and Henry Grabowski, "Managerial and Stockholder-
‘Welfare Models of Firm Expenditures,' Review of Economics and
Statistics, 1972.
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As regards the "traditional' elements, the appropriate

aspects relate to (i) price formation and (ii) investment and

growth decisions, which will now be discussed in that order.

The question of price formation is essentially the question

of the determination of the supply curve; that is, the schedule

of the outputs of different types of coal that will be produced
on alternative assumptions concerning the prices the different
grades will command. In economic theory‘concefned with less than
competitive conditions, firms do not ''take" prices but rather
"make'" them, so no supply curve strictly exists. But in the case
of "lbw—level oligopoly," it is possible to obtain a reasonable
approximation to a realistic characterization of the general
situation by assuming that once the price ievel has been (oligo-
polistically) determined, -firms will behave as if they were
"price takers" so that a supply curve may be specified. A com-
plex supply curve is built into PIES, on the assumption that as
progressively higher prices are assumed, new hypothetical coal
mines (with specified production-cost characteristics) Qill'
become economic tu operate, and will plaée bn the market pre-
determined quantities of coal of a specified grade and geogra-
phical location.

In traditional theory a person who owns or leases a natural
resource will determine the time-path of output from the reserve
(and hence the investment policy) on the criterion of maximizing
the discounted present value of expected future net .cash flow.

Such a person or institution, will not pay for a leasc or for



ownership unless maximized discounted preseht'value’excéeds the
cost of acquiring the right by an amount that represents a |
greater return than any altérnative use of investment funds.
After a right has been acquired, however, if economic circum-
stances move adversely to make the discounted present4va1ue lower
than had been anticipated, some producfion will continue unless
the discounted present value falls to zero. The National Coal
Supply Model contains a rate of return (ROR) that is - to be re-
garded as -a specific element in lohg—run unit costs, The supply
of ‘any grade of coal predicted to be offered for salc'at a
specified price is calculated on the assumption that any mine
that offers a positive.discounted present value on the assumed
ROR will in fact be broﬁght inté or kept in‘opcration,'and'that
from it, a fixed output (determined by assumed capacity) will

be offered for sale. 2/ The modellthen spec1f1cally predicts

the entire supply curve of the coal industry éppropfiatc to the
indicated rate of-return. A lower rate of return wiil shift the
supply curve dqwnwaras, a higher rate upwards. & The PIES

rate of return should be regarded as a "réal" rate of return
‘such as would rule if no long-term_inflation.of prices and costs
in the economy at lafge were genefally anticipated: the prices
predicted on the supﬁly curvé are therefore to be regarded4as'

inflation-free prices: they predict, in effcct, the movemcnts

5/ PIES abstracts from short-term output decisions. It
also doecs not deal with optimal depletion paths through time,
but rather predicts output for single years, such as ‘1985, without
considering whether an increased output in 1985 might
~1mp1y higher operating costs and hence lower output at some point
in the future.

6/ jThe baseline ROR in PIES is eight percent. At the present
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of coal prices relative to other prices on whatever assumptions
are being investigated-inAthe model at the time.

Turning now to'the investment and growth decisions, we note
that in recent devélopments of traditionél theory it has-become
customary to assume that the sole criterion for such decisions

will be the maximum welfare of the owners of the business. If

6/ (Continued) time, prices are rising almost as fast as
the yield on long-term government bonds, so that it could be
argued that the '"real" riskless dlscount rate of the economy
was zero. or negative. There are several reasons, however, why
this type of calculation tends to overstate the nominal rate of
.interest that would be established if all inflationary expec-
tations were eliminated. Firstly, it is probable that even
today people do not fully transfer current inflation into
long-term investment decisions, i.e., they make such decisions
on the assumption (or perhaps the hope) that at some time in
the future inflation rates will decline. Secondly, the
theory of investment that relies upon calculating the real rate
of interest as the excess 0f the nominal interest rate over the
expected inflation rate is incomplete because it fails to consider
adequately the portfolio-holding aspect of investment decisions.
Any person or organization with money to place must choose exhaus-
tively between holding it as cash, short-term interest-bearing
deposits or loans, long-term loans, real property or some other
direct investment. In times of brisk inflation, however, supplies
of the last-mentioned group available to the typical investor o
(individual, institutional or corporate) are limited, if only
because one of the most important elements in inflation is the:
rising cost of labor and because, in the absence of slavery or
conscription, there is no person or institution in Western society
legally empowered to hoard this commodity. Other inflation hedges,
such as factories, commodities or coal mines, are subject to
.considerable specific risks. For example, although the price
of coal and of energy in general continues to rise, the particular
coal mine in which one has invested may be destroyed by an
explosion. Many individuals who speculated in commodities in the
inflation waves of the early '70s subsequently suffered losses,
rand are now apparently prepared to place. their money in fixed-
interest securities in the belief that, although they may earn
small or even negative real returns, they are doing hetter in
relation to. their own forecasting capacities and risk aversions
than they could by any other course of action. Tt is therefore
difficult to estimate an appropriate real interest rate for the
U.S. economy at the present time, because the foregoing considera-
tions are unquantifiable. However it is worth noting that during
the period 1952-62, which was a perlod of exceptionally low
inflation in the U.S., the average excess of .the yield on long-
term government bonds over the average inflation rate of consumer

(Lontlnued on next page)
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all corporations'at all times adopt this criterion, except for
the argument based on the possibility of synergistic effects,

a change in ownership or control brought about by divestiture
should have little effect. For fhe reasons already set out,

an oil company should treat its coal reserves as a portfolio
investment and when an 0il company appraises investment projects
assbciéted with the development of production from its coal re-
serves, it should not therefore appraige such projects at any
rate of return lower than the best return its stockholders

| could obtain (or thc managemént could obtain on the stockholders'
hehalt) in allernative uses--a theorem which, we have seen,
applies equally forcefully whether or not oilAcompanies have
access to cheaper sources of capital than successor firms

would,have.

6/. (Continued) prices was about two percent. Since bond yields
-were rather stable throughout the period, the risk attached to hnnd
holdings was relatively low, so thig figure could be considered -
to have been almost risk free. If it is adjusted upwards to allow
for under-projection of the inflation rate, (for the reasons given
above) the riskless discount rate for the U.S. economy in 1956-62
might have been put at three percent. Since PIES is in principle
inflation-free, its considerably higher baseline ROR must be
attributable to the implicit éstimate of commercial risk in
energy production. An alternative interpretation, however, is
to suppose that PIES relates to an inflationary world with high
borrowing rates, but that for convenience its price_forecasts
are expressed in relative terms, i.e., are, in effect, implicitly
deflated of the inflation that is actually expected to occur. On
this interpretation however, a borrowing rate of eight percent
seems too low: with government-bond yields currently around
seven percent, the margin for risk would seem inadequate. All
these considerations are of considerabhle impourtance to the present
inquiry, because they are relevant to the dimensions of the
variations it is reasonable to expect in the rates of rcturn that
might be applied by divested companies vis-a-vis those of successor
companies. . As indicated in the text, we have decided that the
theoretical and practical considerations we have adduced are
sufficient to justify our treating the baseline ROR in PIES as
if it were a 'real" concept, and that consequently the variations
possibly attributable to divestiture such as are investigated
below are also to be regarded as variations of the ''real" discount
rate.



The owner or leaser of a coal reserve, however, faces a
series of technical problems which complicate the foregoing
discussion. These revolve around the significancé of the fhick-
nesses of seams and associated underground distfibution of seams
according to thickness. In the casé of a strip mine, once thev
workings have ‘been opened it is impecssible, without encountering
increasing costs, to take out coal at unlimited fates, if only
for fhe reasoﬁ.that in order to get at the lower parts of the
deposit, it is first necessary to remove the parts above. ‘In
a deep drift mine (where the underground seams are reached by
driving a gently falling tunhél) wHére the drift has been con-
structed, it is impossible to gain access to more than a propor-
tion of the available cdal at any one time without eithef'in4
creasing operating.costs or construction of another drift.
Alternatively, where access is gained by vertical shafts, bnly
a certain amount of coai can ecoﬁomically be prgduced from the
seams opéned up by a singie shaft, so that more  intensive exploi-
tation requires either rising ope;gting costs or.the sinking of

‘new shafts. In fact, there are safe limits to th¢ numbers.of
shafts that may be crowded together, so that even this_iatter
recourse is limited. | |

Martin B. Zimmerman has recently measured the cost conditions

of coal production in the United States using much the same

sources of information used in creating the Coal Supply Model of

2-11



7/

PIES.” He found that the increasing cost effecf in relation

to current output‘could be represented by an elasticity relation-
ship in which total costs of an output ., varied as qt“ where «
is a number greatef than one. Typically, for East Coast mining
in the U.S., « was estimated at abbut 1.3. It follows that
marginal costs Vary‘with q, as th“'l)4and if K represents a
constant element in costs, unit cosfs vary as (?-1) qt(“'Z)

-Kq _2.

The foregoing relatlonshlp applies to cufrent operating

costs. In addition, as a rgserve is depleted, it is necessary

to work seams of decreasing thickness. Zimmerman calculated

the effect of thickness vafiafions on the level of costs at

the minimum cost output and found that'underground seam thick-

ness was log-normally distributed.gz By combining the measured
parameters of the cost function with those of the seam-distribution
function he calculated the rates at‘thch minimum-level unit
operating ébsts would rise if current output rates were maintainecd
for various periods of time. For example, if 1977 output rates

are maintained into the future, the costs of producing low- sulphur

South Appalachlan coal are estlmated to rise at 1.3 percent per

7/ Martin B. Zimmerman, "Modelling Depletion in a Mineral
Industry: The Case of Coal,'" Bell Journal of Economics, 1977,
and also by the same author, "Estimating a Policy Model of U.S.
Coal Supply,' MIT Energy Laboratory Working Paper, December 1977.
PIES itself cannot he nsed to estimate Lu11espond1ng functions
because (-a) it does not permit variation of output from operating.
mines, and. (b) it does not permit variations in depletion rates .
to affect, 1985 supply curves.

8/ In short, if the probablllty of tlndlng a seam of given

thickness is measured on a regular vertical scale, while thickness

itself is measured on a logarithmic horizontal scale, the resu1t1ng

_curve, based on the available geological information is a statist’
Normal Curve.
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annum. If output:rates are increased, costs will rise faster
and vice versa. Zimmerman has estimated what is known as the
cumulative cost function'for coal, indicatiné the'way that

unit costs of current output vary, as well as varying with the
current rate of‘outhut, according to the cumulative total of
. past output. | |
A coal reserve holdér, wishing toAmaximize the welfare of
" stockholders, would maximize the'dis¢ounted pfesent valué'qf

the future net revenues, using fhe highest discountArate available
‘to stockholders on alternative uses of "fheir" money . - In order
to calculate coal supply for a given future year on the assump-
tion fhat all reserve owners and mine operators were thus moti-
Vatéd, it 1is necesséry to estimate the appropfiaﬁe microeconomic
optimal depletion paths of fepresentati?e individuél firms, and
then to ascértain tﬁeir expiicit predictions for the year for
which information is desired. 1In the present study it has been
necessary to create such models in order to investigate how the
predicted time paths of futureAsupplies are affected by per-
turbations of variables that might be affectéd by divestiture.

The results are presented in a later section.

Implications of "Synergy"

It has already been suggested that factors exist that create.
actual or potehtial‘advantages for oil firms operating in the coal
industry that would not be availablc to othcr business
organizationé and thatlﬁiéhtAnot be available to other
‘business organiiations and~oi1'fifms inlaiternative investmeﬁt

outlets. Such factors are referred to. as synergistic éffects



when they are internal to.the type of organizétion in question
and not merely the result, for-example, of the effects of reduced
competition which might occur when corporations heavily involved
in one branch of the energy business diversify into another
branch. '"Synergy'" is an expression taken into economics from the
biological sciences where it refers to the correlated actions of
body organs, mental processes or remedial drugs: as a result of
correlated action, the power of a system exceeds the sum of the
powers of its parts.

In the ccondmics of industrial organizalion, a merger, for
example, is said to have 5ynergistic effects if the total profit-
earning power of the merged organization is greater (other fhan
on account of monopolistic effects) than the sum of the'previous
profit-earning capacities of the constituent organizations.gj

In the present examplé, synergy refers to the possibility
of technology transfer from the oil ihdustry to the coallindustry
that might occur only via direct investment by.large firms with
long.experience in the o0il -industry, and which might.not be
transferred by other means. WhenAany corporation diversifies
into another industry, it undertakes correlated actions involving
management, administration, commercial practice and commercial
and technological know-how or "information," It is not argued
here that 61l companies currenlly pussess appropriate techniqués

that only they have the legal right to employ in coal production.

9/ As a matter of fact, there is considerable evidence that
genulnely synergistic mergers among large corporations are
relatively rare. See Dennis Mueller, "Evidence on the Effects
of Corporate Mergers," Journal of Banking § Finance, 1977,
pp. 315-347.




Rather it is suggested that their total research and iechnolo—
gical experience is of a character that makes them more likely
to achieve future breakthroughs that might lead to major reduc-
tions in the cost of converting the energy in coal to usable
energy at the home, cffice or factory. Underground gasification
or liquefactiqn are examples of the types of possibilities
suggested here. Many such ideas have been pursued, usually
in times of extreme scarcity of oil supplies and have tended
to be abandoned as o0il became progressively cheaper. At the
present time, with the high price of petroleum and a general
concern for energy shortages, research on technologies of this
type (in effect, technologies that treat coal 1ikeza refinery
input) is more topical.

If such a potential technology is about to emerge, why
cannot the actions of technology creation, technology transfer,
and administrative/commercial organization be separated? The
answer 1s that in large firms, the functions of technology manage-.
ment, development and planningg commercial management and planning;
and finally the general administrative style are symbiotically
linked.lg/ The "know-how" involved is a class of partly indivisible
information. As such, it is not easily transferred from one pléce
to another by market processes because, being difficult to define,
it is not easily patented or appropriated. An organization
possessing information of this kind can protect itself against
providing benefits for free-riders only by doing the work itself.

10/ See for example, T. Burns and G. Stalker, The Management
of Innovation (2nd ed.) 1966.




The transfer is effected by the accumulated experience of a team
of people, a commodity which by its nature cannot easily be bought
and sold.

The foregoing are the reasons for expecting the presence of
synergistic effects. The argument that effects of this kind may
exist is both logically powerful and supported elsewhere by empi-
rical case studies. The difficulty in the present case is not
so much the problem of asse¢ssing whether, it relevant technology
were to develop, it would be partly synergistic to oil majors,
but rather whether this technology will in fact develop and what
might be the plausible range of effect. Conceivably there could
indeed be dramatic reductions in the cost of obtaining a calorie
of usable energy from an undergfound coal deposit. Alternatively,
owing to the inherent character of coal deposits (including the |
log-normal distribution of seams by thickness, referred to above),
it might be that quite large changes in technology would have only
relatively modest effects on either lahar cosfs or capital costs.
For this reason, as will be seen below, we havg preferred to
approach the proBlem in our sensitivity analysis by setting rather
narrow limits to the suggcsted range of plausible variation in
labor costs and capital costs. If these produce significant
results, it will be apparent that more dramatic'changes of
uﬁknown dimensions would indeed have a cunsiderable effcct on

the coal market.



"CHAPTER 2-:2
THE INVESTMENT AND GROWTH BEHAVIOR
OF SUCCESSOR COMPANIES
COMPARED TO DIVESTED COMPANIES

As already argued, o0il companies are large conglomerates
possessing a considerable degree of economic discretion. The
-precise character of the successor companies is a matter of
speculation, but it is reasonable to suppose that they would on
average be less Vmanagerial", than oil companies. (If this
proposition is denied, apart from possibie synergistic effects,
this reporf.need go no further, as divestiture can have no other
effects.)

It is essential, therefore, in order'fo procede further, to
consider the contribution of so-called "managerial' economic
theories.ll/ These'models are essentially due to William Baumol
(1962), 0. E. Williamson (1964), R. Marris (1963, 1964), John
Lintner (1971) and Robert Solow (1971). The 1972 models of
Baumol and Williamson are not mainly concefned with investment;
Lintner.is maihly concerned with the relation between the growth
of the firm and the behaviuvr of the stock market and the model
of Solow is based on assumptions of monopolistic competition

which, however useful in a more general context, are rather

11/ More precisely of theories of the output, pricing and
growth of the firm which take account of a degree of autonomy
of management. Typically such theories permit a degree of
variation in assumed management motivation, e.g., Solow compares
the effects of the criterion of stockholder-welfare maximization
‘with those of the criterion of maximizing growth subject to a
constraint.
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inappropriate to the.coal industry. We therefore mainly employ
the model of Marris, for the reasons givenAand also because it
is associated with one of. the authors of this report and there4
fore more readily adapted to theAparticular problem of coal.

Theories of the growth of the firm generally assume that'the
desires of management may be summarized under two headings, the
desire to satisfy stockholders and the desire to pursue .the
growtlh ol Lhe organization. These two objectives are‘nbt‘néces—
sarily complementary and may have tn he traded off. Oftéu, after
a corporation‘has become mature, stockholders would benefit if
it were‘wound up or at least ceaéed'growing, but growth is

12/

usually-pursued, nevértheless.;— In other words, there is éften
a significant trade-off for management between the objectives of
growth and of stockholder welfare; in the case of oil companies
we must invesfigate the hypothesis that these companiesAwill he
more inclined to give weight to the growth objective on average
than will successor companies} |

The Theory of the Growth of the Firm Applied to the Divestiture
Problem

- The "Marris" model can best be explained on the assumption
that the growth of a firm is entirely internally financed. This
assumption is not essential to the model-but is.useful when éon—:
sidering a problem where'a possible surplus of internal finance

is believed to be a major factor in the relcvant situation.

12/ See Dennis Mueller "A Life Cycle Theory of the Firm"
(1977). :



Marris assumes that the firm earns an exogenous operating profit
from current operations which can be used either to finance the
costs of growth br to distribute to stockholders. Both the
current dividend and the expected growth of the fifm and of its
earnings are influential in determining the value of the firm on
the stock market. The utility function.of the manager has two
arguments, stock market value and long-run growth rate of assets.
A "classical" firm would choose a growth path to méximize stock-
market value. A more managerially-oriented firm would maximize
the growth rate subject to a sfock market minimum. This minimum
stock market value is based on the fear of involuntary takeover.
Its level is partly endogenous to the model but at the limit, it
assﬁmes a conservative valuation by a potential raider, i.e., a
valuation presuming that the taken-over assets would»be operated
as a portfolio investment. The potential raider is presumed to
value the firm as if he would not be able to organize any
further growth of the taken-over business. In choosing the
price of tender offer, a raider would maximize his minimum out-
come by calculating the effects of merely continuing current
operations in already established markefs, and would not in this
calculation take credit for any improvéments that he may be able -
to effect in the organization. The raider is presumed to value
the firm as it wonld he valued by the stock market if the exist-
ing management decides to announce that planned future growth
has been reduced to zero. If the existing management had previ-

ously been behaving "managerially", some reduction of the



expected growth rate would raise the stock market value; but a
reduction to zero with corresponding increased dividends would
be excessive and might reduce the stock market value. The
1imit valuation is therefore lower than a valuation that might
be put on the firm by a more.optimistic raider, and is inteﬁded
to refiéct an outer boundary of '"managerial' behavior. Marris
also makes provisions (in a2 motivational variable, signified'hy
‘M, see below) for existing management to consider the likeli-
hood that the danger 6f takeover is in-reality more pofént.

As the firm grows, it can suslain a constant 1eve1v6f operat-
ing profit'oﬁ capital employed, provided it devotes sufficient
resources to reseaich and development. The costs of these
activities represent a bqrden oﬁ distributable‘eafnings. By
making appropriate assumptions‘concerning the behavior of these
costs as well as assumptions about the actual stock‘markct.
valuation function, it is possible to find the optimum growth
rale for'a-giVen~utility function.

Marris used the following variables:

>

.p - The current "operating'" profit rate of the individual firm--
profits reported if no resodurces were devoted to growth,

i.e., if no money was spent on rcsearch devleopment or on
the admlnlstratlon or p1ann1ng of growth

d Total current d1v1dend normallzed by book value of assets;
v Valuatlon ratio (normalized stock market value--tutdl issued .

shares multiplied by stock market equity share price, divided
by book value of assets);

Price-dividend ratio if the firm were not expected to grow,
i.e., the price at which the stock market would value the
shares if the expected value of future d1v1dends were equal
to the actual value of the current dividend;
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2 The amount by ‘which by will be- increased (if, in fatt, some
growth is expected) for each unit of the proportionate growth
ratioy

b - bl/bZ

in effect a measure of the stock market's preference for
current as against future dividends, taking account of pure
time discount, risk-aversion and of expectations concerning
the development of risk through time; (see Lintner (1964 and
1971) )5 :

A Coefficient of the '"cost of growth"; the amount of money
" (normalized by book value of assets) which must be diverted
from operating profits to support one point of sustalnable
proportional growth; in other words, a measure of the "unit
cost" of growth-supporting activities such as search, re-
search, development and planning; (Penrose, 1959; Marris,
1964, Ch. 3); '

M  Motivational indicator bounded by M = % and M = 1; in the
former case the firm is maximizing the valuation ratio
("classic" or "stockholder'" motivation); in the latter it is
maximizing its own growth rate, g, subject to the constraint
that the valuation ratio not fa]l below the limit value as
defined. above. :

With the above Varlables the basic equatiohs.of the Marris
model are: B ) ‘

~

p-irg-g o (1)
d.(by +byg) (2)

d

v

The first equation is an identity that follows from the assump-
tion of internal financing and the second represents the stock
market assumptions described above in the definitions of b1 and

b The firm is valued first on the basis of its current divi-

2°
~dend, d, and then a further amount is added to this valuation

to take account of the expected growth rate, g. In Marris's
model and in other similar models such as those of Lintner'(1971)

and Solow (1971), the firm grows in steady state. Given the

- appropriate growth-supporting expenditure as indicated by the
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coefficient, A, the firm can grow at the‘indicated rate,.g,_whiié
sustaining a constant operating profit rate, ;, whose (time-wise
constant) level is treated as the exogenous result of the com-
petitive or oligopolistic commercial conditibns'in itsAexisting
‘markets. Since the firm is growing with internal finance at

a steady rate, the growth rate of dividends‘will be equal to the' 
growth rate of earnings which in turn ﬁill be'equal‘to the‘
general growth rate, g.

It can be shown that in order tov maximize the ﬁaluation
ratio (which would be appropfiate for a firm with no "managéria1":
motivation), we would find the growth rate that4Satisfiédithe
eduation,

g =% (p/(12) - b) (3)

To maximize growth subject-to the'indicafed constraint (see
abbve), the optimum gfowth rate is precisely twice this rate.
(The first result is obtained by combining (1) and (2), solving
for v, aund differentlating v with respect to g. The second
result is obtained by solving v for g=0 and substituting this
value to find the corresponding value for g.)

Hence the general solutibn is,

g% = M. (p/(1+1) - b) % = M = 1 (4)
where g* is the utility-maximizing growth rale for a firm whose
motivational indicator (measuring degree of '"managerial"
motivation) is M. |

Since the reported profit rate, defined as p* = p - Ag* is

endogenous, i.e., to be determined in the system, equation (4)

2
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can be'estimated by régressing g* 6n p*.lé/ The coefficient of

the cost of growth, A, is constant with respect to time and g.

Several important conslusions follow:

(a)

(b)

(c)

@ 0
* %
\ L]

The theory predicts that if'M is independeﬁt of ;,
firms are optimizing according td the model; from
equation (4), growth rates will be positivelyv
cbrrelated with operating profit rates;

Estimation of (4) in several empirical tests have

" been made and they show that, typically, there

exists a positive relationship between growth rates

14/

and reported profit rates.—
If M is independent of p, reported profit rates will
be negatively associated with the degree of

"managerialism."lé/

A

M .{(L:U -b} - and p = p* + Ag*
6*+Ag*., ‘
M =Y 1+ -é}

C—=m)P A4{1+A-M;}lb

o
%
I

14/ This is confirmed in rather robust observations over
a number of industries, time periods, and countries (Eatwell,
1971, and Marris, 1971). ’ ' e

15/

where b0 - p* = p -

- From p¥ =_§~Ag*, substitute equation (4)
Cpt=p oA i (B -b}
p* = {u o }

_ 2 aeNa-M)
L T R

@A+ -M
1+

(Continued on next page)
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The Marris model predicts that, other things being equal,
a firm with a more managerial motivation will grow faster for
a given operating profit rate and will display a lower reported
profit rate.

The reported profit rate in the model is averaged over all
the firm's operations. 1In tﬁe case of.an oil firm with coal
interests, the firm would average oil, coal and other operations.
There is some evidence that large corporations employ cutoff
rates of return .that are implicitly derived from the kinds of
considerations at work in a model. The target rate of return
reflects scarcity of'capital within the firm, given the anticipated
overall growth rate. O0il companies are worldwide conglomerates
with a strong technological/managerial ethos. It could be argued
that they are likely to adhere to more '"managerial" utility
functibns than successor companies and that therefore their target
rates of return will also generailf tend to be lower. If they
have cash available, they will tend to employ it internally rather
than distribute it.

The Marris-Mueller models relate to firms in general and
do not specify the industrial direction of growth, bqt Marris

in particular emphasizes that firms first tend to enter those

(Conti%fed)
If the degree of owner-contrnl in stock=-market holding
structure is taken as a (negative) proxy for managerialism, this
also is confirmed in empirical studies (Monsen, Radice), but the
same studies tend to negate the positive association between
managerialism and growth indicated by Equation (4). There is
often positive correlation between ownecr-control and operating
profltablllty In the present case (of o0il divestiture from ceal),
it is unlikely that "management- controlled" o0il companies would
display systematically lower operating eff1C1ency than owner-
controlled successor companies.



fields where‘they have some managerial comparative-advantage

or other potentialrsynergy. Oil companies belieye they have such

an advantage in the coal industry. This would be reflected-inA

lower estimates of the coefficient, A. | |
A’factor;working in the opposite direction would be any

tendency ‘(as will be further dlscussed below) for 0il companles

‘to reduce the competltlveness of the pr1c1ng process in the 1ndustry.

This would be reflected in the managerial model, in a hlgher

rate of operatlng proflt leadlng in turn to a higher target

" return, and a general upward shift of the,1ndustry supply curve.
To sum up, the . theory 1mp11es that d1vested 011 companles

. would wish to grow faster and ~accept lower reported profit rates

‘for given operating profit rates ‘than would -successor companies.

Optimal Depletion Theory-

'The classic theoremrfor'this4prob1em“is due to flaro1d Hotelling
(1931). Firms in an industry that has a cumulative cost function
anticipate ‘that, because costs will rise as production‘cumulates,
future price must also be expected to rise. In'equilibrium the
"actual growth rate of the price must be equal to the‘anticipated
rate. . Thus the 'price-taking". firm is faced with an expected
future path of the price'and nust decide annual and total-future
: productlon The path must be con51stent with no flrm having an
incentive to hold back output in any year in order to ‘take advantage

of the future increase in the value of unextracted reserves. This
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condltlon will be satisfied if the‘expected prlce path is such -
that the proport10na1 growth rate of operatlng proflts (net of
deferred 1nvestment) per unit of output-attrlbutable to rising
future prices is preeisely'equal to the market.rate of-interest.
If profitability is rising proportionately faster than the rate-(
of interest it will pay to "hoard” the reserve, if it is rlslng
less fast it w111 pay to dump as much as p0531b1e on the market
- so that the profits so earned may be reinvested more profitably
at the market interest rate. The resultlng theorem (known as
Hotelllng S theorem) is . often expressed in terms of the net prlce jﬁy
(gross price less extraction costs_lncludlng deferred 1nvestment),
"but is more easil& understood ‘in terus.of gross priCe, ‘If'grossu
'price increases by an amount dp, the associateduproportionai |
increase in profit per unit of output with glzgg un1t costs, ¢,
is dp/(p c) ThlS must grow per. unlt of rlme, dt, at the rate
of interest r. Hence we(have,

dp/dt = r. (p c) "h. - - (1)
It is simple to show that the net price, say p' (deflned as
p h) and the rate of 1nterest have the follow1ng relatlonshlp
~when ¢ 1tself is 1ncrea51ng through tlme (as a resn]t of cumu-
lative output). N | |

r = a/p' - de/dQ +.dp'/p' - 1/dt  (2)

where q signifies current output and Q cumulative output.

g

lﬁJ See, e.g., Herfindahl and Kneese, Economic Theory of
Natural Resources, 1974, p. ]?6



If a path meeting the above conditions is followed, the
discbunted present value of the reserve will be maximized. A
path of this type cannot be solved without knowing the equilibrium
conditions for the whole industry, including the demand curve.
Via the demand curve, the price path determines the output path
and hence the cost path which in turn reacts on the price path,
and so on. In addition, the precise form of the cumulative
cost functions must be known%z-

There are few examples of spécific solutions to paths of
this kind. An alternative, simpler approach is to assume that
the industfy is myopic and that each firm determines an output
path on the assumption that current prices will rule indefinitely
into the future. This approach is more consistent with the metho-
dology of PIES though perhaps somewhat unrealistic in light of
recent ratés of increase in coal prices. However, it is satisfac-
tory for illustrating qualitative effects and is also effective
in assessing the'quaﬁtitative impact of more important pertur-
bations of relevant variables such as the‘fate of discount.

The "simpler'" problem may be described by the following

equations:
Tt = Pqy - Ct' . (1)
¢ o . |
Ct"" C(qt’ (E): qt) : (2)

17 Unless all its higher derivatives are zero, the
coefficient dc/dQ will not, of course, bée constant and may well
be endogenous to the problem in a complex way.



‘D=.Z% 1e - K (3)

a, = F(t) ‘ | : (4)
where,

th= quantity produced atAtime't,

% = net cash flow from producing and

t. selling q_ at price P,

C, = totél costs of producing q_,
t  including deferred investmint

D = discounted present value,

r = réte of diScount,

Ko‘= initial inQestment.

The problem is:to_find the_function; F(t), that maximizes, D,
‘subject to (1) and (2). Ko; initial investment, may.élso be

considered endogeﬁoué; for eXample, it'qould be a function of

: z
> of 1/t Lq or of qj where qJ

is the peak value of q£ in
the optimum path.

The models below use the second}aésumption. We also employ
the specific cost-function based on PIES data estimated by
Zimmerman as already described above. - Consequently,

the complete model involves two further equations, namely

o

ot B
C = a. (eq) - < (5)

-t

K =k

o KT a (6)

q
t
_
X
0 t

- where o and B are elasticities, C is a constant element in

operating costs, a is a general-cost parameter, k is a
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capital/oufput parameter; and'TfiS the ecbnomié life of_thé
'reéerVe;"i.e.; the period over which there is prdfitéble prddudtion,
(ap éndogenous variable - see below). |

~As in the Hdtélling'theofem, there are general theorems
relating to the appropriate optimal paths for_this'pfoblem,'but
no_specifié‘resultsgfffo means of simulation, ﬁsihg paramefers

consistent with PIES, we investigated four types of constrained

paths, namely:

(1) qt = q (1 - =t)
(i1} Q, =, - st
. -8t
(iii) q_=-qE
t o]

iv) . = for t<T

(;v) 4, = q, tor ts
qg = o for t.> T

t
where T is defined in years so.that all m, (th)‘are'bosifive,
- and all m, (t >:T) ére*strictly‘negative. |
Experiments_were made'to find maximum values of D by varying

‘q, and T in (i), q

o @nd € in (ii), q  and & in (iii),and q, and

T in (iv).

Pathé of‘type.(iﬁ)'dominéted ail others.  Since optima14
paths in this type of modél'digplay deélining‘output (Herfindahl
and Kneese p.A119),'this'resﬁ1t must indicate that none of the
pafhs ére stricfly optimal:.'caicﬁlation of actual optimal paths

“was too complex. It seems that rectangular paths (type (iv));:

l§/Herfindah1 and Kneese, op. cit.

2-29



with a variable depletion period, T, provide goodgapbroximations
for our purpose; and are especially consistent with the-methodology
of PIES.

Before displaying the results of the simulations, the following
_theoretical predictions may be enumerated:

(i) A decrease in Tt will reduce qo and increaée T;

less coal 1s produced now, but economic life is extended;

(ii) A decrease in a, (the general coefficient of operafing

costs and defcrrcd investment) will increase q, and T, i.e.,

as in the case of a downward shift of a conventionallsupply

curve, more is produced at a given priée‘both now and in the

future;

(iii) A decrease in k wili have similar effects to a decreésé

in a. o

The model was simulated with baseline values consistent with
PIES, including T at 8%, and then appfopriately perturbedsto
investigate effects on optimal paths. |

The specific baseline parameter values were a = 5.162(10_?

)
C=30,%k=1, P=1, oo = 1.3 and B = .15 (thevlatter two figurés
being derived from Zimmerman 1977, second citation). ;With pfide
normalized at unity, quantity units are arbitrary. The dimen~
sional realism of the model may be'Verifiéd‘by eXpressing D for
each‘optimum path as a percéntage‘of the correspohding calculatéd
figure of the discounted present value ongross sales.” This .is
a "timeless" representation of the ratio of profits to SAIgs,
when all capital costs, including implicit amortization aﬁd‘

interest on initial capital, as well as'deferred‘capitél'costs,



have been deducted from proflt ‘In other words this calculation
-represents the margln of "pure" broflt and should be'fairly‘
small, e.g. from 0 to 15% (as will be seen, in the baseline it
“was 5.9% - any mine offering a positire nargin will be
worked unless the return is so small as to be not worth the
managerial effort). In the table below, the figure; expreSSed
as a percentage, is terned ”maréin." The resuits are given
in Table 1II-2 below.
From the table, the folloving is clear:
‘(a) 'The effects of strong r-variations are qu1te modest
-(b) The effects of cost-of-capital and general cost
variations are strong, e.g., a five percent
variation in the coefficient produces a ten
percent variation 1n output.
The foregoing conclusions do not exbaust the list of nossible
economic effects of variations in'rate of’disoount'or return.
The depletlon model does not deal with the . effect of varlatlons
of T on the number of actual or potent1a1 mines dlsnlaylng positive
dlscounted present value. The more general "managerlal"»effect -
as agalnst ‘the pure depletlon effect - of more abundant capltal
supplles in 011 owned coal enterprlses must be 1nvest1gated
dlrectly in PIES. By contrast, PIES at present cannot handle
the depletlon effect. | Bnt'having now ascertalned from'51mu1ations
using data con51stent with PIES that the depletlon effect seems
11ke1y to be small (and in u51ng data for South Anpalachlan
1ow—su1phur coal with 1agged results in favor of a strong effeot;'
for‘high-sulphurfcoals:forlall North Appalacbian andvWestern

coals the effect'would,be further Weakened),'We make'nO'further‘
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TABLE 1I-2

thimal OQutputs, Economic Lives,

Discounted Present Values and Discounted

Profit-Margins Derived from:Deplétion-Model

Simulations
| q*  T** DPV* Margin
Baseline 100 28 100 5.9%
Perturbations:
a down 5% | 110 36 159 8.1%
kK " " 111 - 35 167  8.5%
'r down 5 points 97 -~ 29 177 . 6.3
meono3 o 99 284 141 6.4
"up 5 " | 102. 27 54 4.6
*¥Baseline = 100
*%¥ Years.




attempt to introduce a depletion effect directly into PIES.

Competitive Effects

Clearly, a major factor will be introduced if the‘presence
of 0il companies, as opposed to successor companieé, reduces the
competitiveness. of the coal industry's pricing practices.

From the.large 1itefature‘oflindu$trial organization, there
has emerged a degree of consensus that the competitiveness of’
an industry's price structure (as measured by margins or
Sustainablejratee of'returnj~kiil depend in eombiﬁation on its
internal structure and behavior (oligopolistié orxcompetitive
as the‘casejmay be) and on the eéxtent to'which barfiefs to'entry‘.
(or their absence) prevent outside firms ffom eoming in_to
drive out the effects of iess-thén-competitive internal practices.
.In turn it has been'usuallto attempt to measure fhe'propenéity
to "interﬁal" oligopoly by the. proxy of tonventidnélAconcentration
ratios, and the bairiers to entry by'direct inﬁestigation of such’
' factors for entry -and so on. » | | |

The role of comblnatlon among these two groups of factors
is essential to a prOper understdudlug uf the problem.. In the
‘absence of concentrat1on, competition may be qu1te intensive
even-ln the absence of barriers to entry Conversely, no amount
of internal 011g0p0115t1C behavior can ea51ly sustaln hlgh proflts
“in the presence of a permanent and v1gorous entry threat.

A cqn51derab1e 11terature, stemmlng frqm the ploneerlng work
of Joe S. Baini(i956), has'attempted to'measufe the strength ofv
these factors, and to'relefe them to Qeserved profitability

rates; in U.S. industry. For the present purpose, however, it
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is also necessary to take account of the theory of the grdwth
of the firm. We have seen that this theory predicts thét the
rénorted profit rates of indinidual firms willAtend to be
.nositively associated with their growth rates. ' This propositionA,
essentially relates to the population of individual firms as al
whole, and has been tested on large, multi-industry samples.
Nevertheless, there will tend to be common factors operatingli
'within individual industries on the coefficients of thﬁ~gruwih.
"model with respect to indi?idual.firms. In shbft, some'industfieé'
will grow faster than others. Some part of the intér-industry
'varianceé of reported profit rates must be due.to intef—industry
'variances of the factors affec;ing firm growth rates. It is
necessary, therefore to eliminate‘this factor from'eéonometric”
models designed to'expléin inter-indusfry profit rates. Otherwise;
models will be misspecified and there is danger uf the intr64.
duction of a bias into the estimates of the effect on industry -
profit rates ot conccntrétion‘ratios or barriers to'entry.
This is confirmed by studies which.show thnt introduction of thé
induéfry growth rate as‘an.explénatory Variable does, in_féét,
change both the-estinated values nf‘the raleVant4coefficieufs'
as well as reduce their statistical significance. :
The'most cbmprehensive study was that of K. D.;George.lg/'
This takes into account the thenreficai conSiderations that
concentration and bérriers to entry will moét likely "work" in
coﬁbination,}but not independently, plus the effects df,inter—

industry growth rate variations. - Using four-firm concentration

19/ K. D. George (1968).
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ratios for 28 U.S. manufacturing industries and Mann's classifi-
cation of industries with respect to direct barriers (based

originally on Bain) he obtained the following equation:

P = 4.78 + .286 + .04C + .12CR - .04CR, - 4.99R, + 3.44R_
(1.50) . (.07) (.03) (.06)% (.05)% (4. 49) (3.18)

R = .79

The key conclusion of this equation is that neither barriers to
entry nor concentration acting alone has a statistically signi-
ficant effect on the profit rate of an industry with a given
arerage growth rete- By contrast, the combination yariable,'

CR1 has a substantial effect. " In an industry with "Very High" -
barriers to entry, every ten percentage pbihts of‘pdsitive.variationl
in the four-firm‘concentration ratio caused a'1.2 percent increase
in the industry profit rate.

Many writers have addressed the question of entry barriers

and general competitiveness in the coal industry. Leonard and .

- Schmookler have each, in different editions of The Structure of

"American Industry, addressed the quest1on of the competltlveness

vof the coal 1ndustry Leonard cites the exrstence of 6000

sellers in 1946,,none of which controlled 3% of total 1ndustry
output,'plué'theAfact that the induétry has no price leader -

as evidence of competitiveness within the_industry._ In a&dition;
he also cites the absence of patent restrictione and the inability
to dlfferentlate products as further evidence of the existence

20y
of competition.

. 20/ Norman H. Leonard, "The B1tum1nous Coal Industry," in
The Structure of American Industrx, ed. by Walter Adams . (New York
The Macmlllan Co. 1950), pp. 34- 35
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Jacob Schmookler, in a revised edition of The Structure of
: ' 21/
American Industry, draws a different conclusion. On the

selling side he notes the existence of product d;fferences,

negatiﬁely sloped.individuai demand curVes, selling expenses,
locational advantages, price discrimingfion‘praétices, and - -
'individual consumer preferencésl-.all of which lead to imper-
fectly competitive markets. .
Reed Moyer's Competition in thc Mldwestern Coal Industry 2/

demonqtrates that the midwestern coal market can be accurately
labeled as an "oligopoly with a competltlve fringe." He shows
that freight rate barriers effectively isolate the Mldwestern
coal market from Eastern competition. 2?/' There is a clear
trend Loward concentratlon and numerous barriers to entry. - The
most desifablé‘reservesAare‘controlled by the largest producers
and much of the coal suppiy is committed to ntility’éompanicé
.through long-term contraéts; Mﬁny smaller firms‘éannot secure
these contracts dﬁé-tov1ack of'reservés{ In addition,; freight
~_rate struCtures have been altered so that 1#rge shippefs tan.
receive quantlty dlscg?nts that may be dlfflcult for smaller
L

- companies to secure, Moyer also dcmonsztrates thut in the

presence of concentration and barriers to -entry, prices have

21/ Jacob Schmookler, "The Bituminous Coal Industry,” in

-The Structure of American Industry, ed. by Walter Adams, Revised
ed. (New York: The Macmillan Company, 1954), p. 79.

22/ Reed Moyer, Competltlon in the Midwestern Coal Industry.
(Cambrldge Harvard University Press, 1964).

23/ Tbid., p. 21.
24/ Ibid., p. 138,
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been more stable and profits higher in the Midwestern coal industry
25/ : . :

than in.the East..
Though.éompetition may still be intense in some regions,
conditions in the Midwestéfn industry, which Moyer has shown to
be much more oligopolistic in nature, show that broad statements
concérning the coal indugtry and its cdmpetitivehess must be
regardéd with suspicion. | |
With the climb in the world price of energy since 1970, and
the ensuing rise in the profitability of the cqai industry, a
‘degree of new entry was fo be expected in which oil companies 
" played a vigorous role. Thefe are two reésdns,‘however, why“
we cannot ﬁresume that oil éoﬁpanies'reducé the éompepitiveness
‘of the industry. First,‘concentration'did not ihcrease. Second,
0il companies did hot alter technical or other conditions, such
as the height of eﬁtry barriers.
At issue is whether the technology of o0il companies might,
in thetfuture, bring into the coal induétfy~an incrgése in.entry
bafriers by reducing operating costs while requiring a relatively‘_
léfger initial investment. This arguhent'is two-edged bécéuse
if it ié desirable that such technology be developed, the effect
on entry barriers is a Social necessity. 4Furthermore;'there-is 
a'qqestion.és to whether the presumption-by eﬁtry;deterrént theory
that the presence of large firms increaseé barriers to entry '
(and,‘by'implicgtion,‘the.entry~o£ iarge éonglomerateg into an
' industry{wduld réddce competition) is logically sound or empiri- '/

cally justified. Large comglomerates possess precisely the

25/ Thia, p. 171



financial strength that is needed to overcome financial entry
barriers. Hence, the entry of oil companieé-could'have incfeésed
coai industry competitiveness. Finally, although we have been '
supposiﬁg that successor companies,willAdiffer sigﬁificantly~
from oil companies in managerial motivation,'itlis not at ail
apparent that such companies. would have'markedly diffe}ent |
competitive effects on the coal indﬁstry fhaﬁ oil‘cbmpanieé.

For the above reasons, a.good éase can be made fnr‘aftriﬁuting
no ''monopolistic" or "anti-monopolistic" effect to divestitﬁre.
However,. there may be individuals who are unable to accept thié
‘conclusion on the baSié of the above argﬁments.,bThé'fear of |
long-tefm.reductions~in compefitiveneés is é}major politicél
factor engeﬁdering demands for divestituré legislation. For'
the benefit'of those who believe that divestitufé shall cause
pro;competitive’effects we thérefore.undertaké some{appropriété

perturhatinns.

Conclusions

The important conclﬁsioﬁs of this chapter‘with respect to the
economic effects of divestiture may be summarized as follows:
(a) The possiblé effects revolvé arodndyposéiblé'differencés_
" in behavior and/or performanﬁe'hefween firméfﬁhich ‘
would be prevented from staying'in of in fhe'futuré eﬁtering
the coal industry (nameiy, oil Ii;ms)_&ud hypothetiéa1 
"successor".firms, the latter meaﬁing either fifms:ﬁho
: woula repléce the output df.divesfedzfirms o§ firms who
would replace the éontributibn to-future outpﬁt of]0111 

firms who would otherwise have been permitted futuré.entrx,
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(b)

(c)

-~ (d)

Such differences in behavior or performance cannot occur

- unless circumstances permit coal operators a significant

. degree of economic discretion and unless oil firms who

are coal operators wish to exercise such discretion to

implement different policies from the policies that

could be pursued by successor companies.

In i1ts traditional form the neo-classical theory of the

firm, in both its competitive and its imperfectly

competltlve versions, hasn't much to contrlbute to the

questlon, because both versions assume condltlons that
deny discretion and also axiomatically assume -that
whoever or whatever controls a business must adopt the
unique criterion of profit maximization through time.
The coal subsidiary of an oil company should pursue this
criterion in the same way as any successor company
irrespective of significant diffefentes in the costs

of capital; managemeﬁt orientation, etc., oflthe parent-
company. 4

With adaptations, however, the ngo-classical'theéry‘can[
in fact ﬁake usefnl contributioﬁs to the divestiture
problem, in particular the idea that the market value
of stockholders' equity can be 'a major argument of
firms' objective functions may be accepted. It is.
recognized that what is relevant is the difference if

any between attitudes to stockholder welfare of the

" management of 0il companies on the one hand and the

corresponding attitudes among successor companies on

the other.
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(e) The possibility that important new techniques might be
introduced into the coal industryAthrough the medium
of direct investment by oil companieé in their coal
subsidiaries--techniques which would be .lost to both the
coal industry and to- society in the event of divestiture--
depends on the possiblé appearance of '"'synergistic"
effects, indivisible packages of administrative,
commercial and technologicél inputs which heing more
‘powerful in combination than in éggregation, cannot be
transferred by regular market processes; the conclusion
is that the pbssibility of such effects between the oil
and coal industries must be taken seriously,; although
it is not easy to estimate. their likely quantitative
importance.A
(£f) '"Managerial" or '"discretionary" theories of the firm,
| although originally developed to deal with firms in
economic circumstances rather different from‘thoée of
the coal industry (although rather similar to those of
011l conglomerates), may be adaptabie to'deal with those
aspects of ‘the basic questibns‘at iésuc¢ |
(g) Coal being a-dépletable natural resource, the economic
theory of'optimal depletion, originally develaped in a
neo-classicél framework, may be joihed to the combination
ot neo-classical with managerial thebry discussed above,
to investigate the qﬁantitative significance of the

claim that divestiturc might lead to more rapid depletion



(h)

0f coal reserves; however, a simulation of optimal

paths, based on data consistent with PIES, has suggested
that the effects of divestiture on the coal industry’s

overall depletion rate in 1985 will in fact be likely

to be small.

'In the present state of empirical understanding of the

theory of the firm in relation to large corporations,
it is impossible to offer rigid quantitative predictions

in answer to the questions originally purposed. It is

‘necessary, therefore, to employ sensitivity analysis

co determine the plausible range of quantitative effects;

the PIES model, together with a speciaily developed

‘'simulation model concerned with the depletion problem,

are perturbed by amounts within a plausible range in

order to determine the validity and quantitative signi-

: ficance‘of'each effect.
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