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Executive Summary

Purpose of this Report

This report documents the objectives and the conceptual and methodological approach used in the
development of the National Energy Modeling SystefNEMS) Coal MarketModule (CMM) used to

develop theAnnual Energy Outlook 199B\EQ95) This report catalogues and describes the assumptions,
methodology, estimation techniques, and source code of CMM's three submodules. These are the Coal
Production Submodul&CPS), the Coal Export Submodule (CES), and the Datibution Submodule

(CDS).

This documenhas three purposes. It is a reference document providing a description of CMM for model
analysts and the public. rteets the legal requirement of the Energy Information Administréo)) to
provide adequate documentatiorsupport of its statistical and forecast reports (Public Law 93-275, Federal
Energy Administration Act of 1974, Section 57(B)(1), as amended by Pldoic94-385). Finally, it
facilitates the continuity in odel development by providing documentation from which energy analysts can
undertake model enhancem® data updates, andrpmeter refinenmts asuture goals to improve the quality

of the module.

Module Summary

CMM provides annual forecasts of prices, production, and consumption of coal for NEMS. In general, the
CDS integrates the supplyputs from the CPS to satisfy demands for coal from exogenous demand models.
The CES forecasts annual world coal trade flows from major supply to major demand regions and provides
annual forecasts dfl.S. coalexports and imports for input to tiNEMS CoalDistribution Submodule.
Specifically, theCDS receives minemouth prices produced by the CPS, demand and other exogenous inputs
from otherNEMS components, including théES,and provides delivered coal prices and quantities to the
NEMS economic sectors and regions.

Archival Media

Archived as part of the National Energy Modeling System production runs.

Model Contact

Information on individual submodules may be obtained from each submodule Model Contact.

Coal Production Submodule

The CPS genates a different set of supply curves for @dM for each year in the forecast period. The
construction of these curves involves four major steps for any given forecast year. First, CPS projects coal
production cpacity by mine type, and coal type for each year of the forecast period. Second, the CDS
estimateghe relationship between capacity utilization of mines and marginal costs to produce capacity
utilization-marginal costs curves by region and mining method. Then the projected capacity, in conjunction
with thecapacity utilization-marginal costs curves, are used to construct generic short-run supply curves.
These curves reflect only the relationship between the level of production and marginal costs. Finally, to

Energy Information Administration/ Model Documentation: Coal Market Module \Y



reflect the effects afeserve depletion, changes in labor productivity, changes in real-labor and fuel costs on
the marginal costs, a vertical adjustment is made to the short-run curves along the y-axis.

Coal Export Submodule

The CES provides annuakézasts of U.S. coal exports and imports in¢batext of world coal trade for input

to NEMS. The CES uses 16 coal expegions (including 5 U.S. export regions) and 20 coal import regions
(including 4U.S. import regions) to forecast steam and metallurgical coal flows which are computed by
minimizing total deliered ost by a constrained Léar Program (LAnodel. The constraints on the LP model
are: maximundeliveries from any one export region; sulfur dioxide limits; and international coal supply
curves.

Coal Distribution Submodule

The CDS determinethe least cost (minemouth price plus transportation cost) supplies of coal by supply
region for a given set of coal demands in each demand sector in each demand region by heuristic algorithm
which comparesilternative sources. The transportation costs are assumed to change over time across all
regions andemand sectors. These ratesam®@alated over time in response to changes in labor, material and
fuel cost trends. Th€DSuses the available data on existing utility coal contracts (tonnage, duration, coal
type, and origin and destination of shipments) taessgrt coal shipments under contract. These contracts are
honored through their expiration date.

Organization of this Report

The next threeextions of this report give the specifics of ieS, CESand theCDS respectively. Each
section will detaieachsubmodule's objectives, assumptions, eratitical structure, primary input and output
variables, and its relationship within CMM and other modules of the NEMS integrating system.

The Appendices of each submodule's section will provide supporting documentation for the CMM files
currently residing on the EIA mdiame. Each Appendix A lists and defines the CMM input data, parameter
estimates, forecast variables, and model outputs. A table referencing the equations in which each variable
appears islao provided in Appendix A. Each Appendix B contains a mathematical description of the
computational algorithms used in the respectifdule of CMM, including model equations and variable
transformations. Each Appendix C ibibliography of reference materials used in the development process.
Appendix D consists of model abstracts, and Appendix E discusses data quality and estimation methods.

vi Energy Information Administration/ Model Documentation: Coal Market Module



Part —Coal Production Submodule
Model Documentation

1. Introduction

Statement of Purpose

This chater documents the objectives and the conceptual and methodological approach used in the
development ofhe Coal Production Submodule (CPS). It provides a description of the CPS for model
analysts and the publicThe chapter describes the assumptions, methodology, estimation techniques, and
source code of the CPS. As a reference document,itigfi@si continuity in model development by providing
documentation from whichnergy analysts can undertake model enhancements, data updates, and parameter
refinements to improve the quality of the module.

Model Summary

The modeling approach to regional coal supply curve construction discussed in this chapter addresses the
important coal supply-related issues of capacity utilization, lead-time constraints, future technological
developrents, and reserve depletion. The effect of capacity utilization on mining costs is captured through
region/miningmethod regression analysis which relates utilization to price. The model defines capacity
utilizationfmarginal cost curves and converts thieta supply curves through capacity projections developed
separately. The capacity projections limit the cogdply available in a given year to reflect the lead time
required to open new mines. Supply curves are adjusted vertically to reflect technology change and reserve
depletion effects. Reserve depletion is captured using exogenous depletion functions generated by the
Resource Allocation and Mine CostiflAMC) Model. The cost impact of technological development is
captured by estimating its effect on labor productivity. The regression equations, together with exogenous
productivity faecasts, estimate theepcentage change inst due to pragctivity changes and changes in labor

costs and fuel prices.

The CPS generates a different sesugply curves for the NEMS' Coal Market Module (CMM) for each year

in the forecast p@d. The construction dhese curves involves four major steps for any given forecast year.
First, the CPS projects coal production capacity by region, mine type, and coal type for each year of the
forecast peod. Second, the CPS estimates marginal costs as a function of capacity utilization of mines and
other determinants of cost to produce capacity utilizatiarginalcost curves by region and mine type. Next,
generic short-run supply curves are constructed using projected capacity in conjunction with the capacity
utilization/marginal cost curves. Finally, the short-run supply curves are adjusted to reflect mid- and long-
term effects of reserve depletion, changes in labor productivity, and changes in real labor and fuel costs.

Energy Information Administration/ Model Documentation: Coal Market Module 1



Model Archival Citation and Model Contact

The version of the CPS documented in this report is that archived in March 1995.
Name: Coal Production Submodule
Acronym: CPS

Archive Package: CPS95 (Available through National Technical Information Service)
Model Contact: Michael Mellish, Department of Energy, EI-822, Washington, DC 20585 (202)586-2136

Report Organization

This report describes the modeling approach used in the Coal Production Submodule. Subsequent sections
of this report describe:

e The model objectives, input and output, and relationship to other models (Chapter 2)
e The theoretical approach, assumptions, and other approaches (Chapter 3)
e The model structure, including key computations and equations (Chapter 4).

An inventory of model inputs and outputs, detailed mathematical specifications, bibliography, and model
abstract are included in the Appendices.
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2. Model Purpose and Scope

Model Objectives

The objective of the CPS is to develop mid-term (to 2010) annual domestic coal supply curves for the Coal
Distribution Submodule (CDS) of the Cddhrket Module (CMM) of the National Energy Modeling System
(NEMS). The supply curves relate annual productidhéanarginal cost of supplying coal. Separate supply
curves are delaped foreach minaype (surface or underground), coal type, and supply region. The method
for developing the supply curves limite forecast horizon to 30 years. Modifications to the method will be
required for longer term forecasts (i.e., forecasts beyond 2010).

The model is part of a larger integrated National Energy Modeling Sy#é&S). The NEMS is a
comprehensive, policy-oriented modeling system with which existing situations and alternative futures for
the U.S. energy system can be describ®dEMS objective is to delineate the energy, economic, and
environmental consequences of alternative energy policies by providingdts of alternative mid- and long-

term energy futures using a unified system of models. Each production, conversion, transportation, and
consumptiorsector is implemented as a module in the NEMS, and supply and demand equilibration among
these sectors is achieved through &egrating framework. Annual forecasts are provided through a 20-year
horizon. NEMS is capable g@froviding forecasts of energy-related activities in the United States at the
national and regional level. Moreover, tREMS will provide comprehensive, integrated forecasts for the
Annual Energy Outloaok

Coal Typology

The model's coal typology includes four thermal and four sulfur grades of coal for surface and underground
mining. The four tarmal grades corspondgenerally to the three ranks of coal (bituminous, subbituminous,
and lignite) and arpmium grade bituminous coal used primarily for metallurgical purposes. The four sulfur
grades were selected to correspondrtossions limitations specified in the Clean Air Act Amendments of
1990.

The coal typology potentially yields 32 possible siifiermal grade/mining method categories or coal types.

The coal categories used by the model are displayed in Figure 1. Thermal grades are in million Btu per ton
and sulfur grades are in pounds of sulfur per million Btu. Included in the figure are isolines for 1 and 2
percent (by weight) coal sulfur levels. The boundaries between thermal grades of coal rppieteat

which inter-substitution of different coals is technically and economically constrained. Similarly, the
boundaries between sulfur grades represent points where intersubstitution is limited by regulation.
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Figure 1. Heat and Sulfur Content Categorization of Coal in the CPS

Ibs S/IMM Btu
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Table 1. Coal Supply Regions for the CPS

1% Sulfur by weight

2% Sulfur by weight

Region Definition
1 Pennsylvania, Maryland, and Ohio
2 West Virginia (north)
3 West Virginia (south)
4 Kentucky (east)
5 Virginia and Tennessee
6 Alabama
7 Kentucky (west)
8 Illinois and Indiana
9 Arkansas, lowa, Kansas, Missouri, and Oklahoma
10 Texas and Louisiana
11 North Dakota, South Dakota, and Montana
12 Wyoming (east)
13 Wyoming (west)
14 Arizona, New Mexico, Colorado, and Utah
15 Washington, Oregon, and California
16 Alaska
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Coal Supply Regions

Sixteen coal supply regions are represented in the model. The coal regions are listed in Table 1 and shown
in Figure 2. The coal supply regions represented include States and regions in which prospective changes in
coal use are likely to have the greatest market impacts.

Model Inputs and Outputs
Model input requirements are grouped into three categories, as follows:
e  User-specified inputs
e  Inputs provided by other NEMS modules and submodules
e Inputs provided by the Resource Allocation and Mine Costing (RAMC) Model.

User-specified inputs include base year coal production, total coal shipments to industrial users prior to the
base yeatptal coal exports prior to the bassy, laboproductivity, and labor cost escalation factors. Inputs
obtained from other NEM&odules include fuel prices, total projected coal-fired power plant capacity, coal
production in the forecast year, coal shipments to power plants, coal shipments to industrial users, and coal
exports. RAMC inputs include a file containing estimates of annual reductions in existing mine capacity
caused by mine retirements and a file containing reserve depletion curves. Appendix A includes a complete
list of input variables and specification levels.

The primary outputs of the model are annual coal supply curves. Annual supply curves (price/production
schedulesare provided for each supply region, mining method, and coal type. Other output quantities also
are povided in the form of printed reports. These reports include surge capacity, labor productivity values,
and the results of intermediate calculations performed by the model.

Relationship to Other Modules
The model generates regional mid-term (to 2010) coal supply curves. A distinct set of supply curves is
determined for each forecastar. The supply curves are required by the CDS submodule of the CMM. The
information flow between the model and othEMS modules (or submodules) is shown in Figure 3.
Information obtained from other NEMS modules is as follows:

e Diesel fuel prices from the Petroleum Market Module (PMM) by census region in year t + 2

e Labor costs for the nonmanufacturing sector from the Macroeconomic Activity M@dAN) by
census region in year t + 2.
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Figure 3. Information Flow Between the CPS and Other Modules
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3. Model Rationale

Theoretical Approach

The purpose of thePS is to onstruct a distinct set abal supply curves for each forecast year in the NEMS.

The model constructs the supply curves in four separate steps. First, regional coal production capacity is
projected by mine type ambal type. Next, the relationship between mine capacity utilization and marginal
cost is estimated and regional capacity utilizatianginal costurves are developed for each mining method.
Then, generic short-run supply curves are constructed that reflect the relationship between production level
and marginal cost. Finally, the short-run supply curves are adjusted to reflect effects on marginal cost of
reserve depletion, labor productivity changes, and changes in real labor and fuel costs.

The EIA currently uses the Resoe Allocation and Mine Costing Model (RAMC) for mid-term forecasting.
The RAMC is an accounting and erggnng modethat generates domestic coal supply curves used by other
energy models> The RAMC performs an ancillary role in the NEMS by providing exogenously to the CPS
information to estimatthe impact on mining costs of reserve depletion. The RAMC also provides input for
piecewise linear capacity curves used to project regional coal production capacity.

As indicatedabove, the CPS focuses on other factors affecting mine costs in addition to degdetion

effects. These factors include capacity utilizafion, lead time constraints for opening new latioes,
productivity, and real labor and fuel costs. Some factors, such as reserve depletion and labor productivity,
have important mid- and longri effects on iming costs. Othdactors, such as capacity utilization and lead

time constraints, are more important in the short and mid-term. By addressing other substantive factors in
addition toreserve depletion effects, the model de-emphasizes the significance of reserve depletion in
determining mid-term mining costs.

Underlying Rationale

SinceNEMS produces annual forecasts, the supply curves generated by the model represent the cost and
availability ofcoal in each forecast year. In each year, the potential production representeduppthe

curves is constrained by the total mine capacity existing at the beginning of the year. New mines may open
during the par to meetrgticipated omunanticipated demand; however, the number of new mines opened will

be limited by the lead time required to open a mine.

'with the exception of adjusting the supply curves to reflect retirement of existing mine capacity, RAMC curves remain static over
time.

2Coal supply curves developed by the RABIGused in the Coabupply and Transportation Model (CSTM), the National Coal
Model (NCM), and the International Coal Trade Model (ICTM).

3Capacity utilization is production (or output) measured relative to total capacity; i.e., capacity utilization equals annual production
(in tons) divided by estimated annual productive capacity (in tons). Productive capacity is defined as the output associated with the
minimum of the short-run average total cost curve.

“Reserve depletion is influenced strongly by current estimates of the coal Demonstrated Reserve Base (DRB). Because the DRB is
inherently uncertain, reducing the effect of reserve depletion on estimated mining costs by adding other factors affecting cost represents
a significant enhancement to current supply curve generation procedures.

*The lead time required to open a mine varies by mine type, seannaeitess, mine size, and other site-specific factors. On average,
construction and development lead times range from 6 months for small surface and underground drift operations to 7 years for large
underground shaft or slope mines. Also, at mastadditional year may be needed prior to construction to obtain mining permits. See
Science Applications International Corporation, "Enhancement of Short-Term Coal Supply Modeling Capabilities: Final Report Volume
I" (unpublished report prepared for the Energy Information Administration, March 1989), pp. 33-34.
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Capacity utilization is pruction or output measured relative to total capacity. In the short term, with mine
capacity essentially fixed, variations in production translate into variations in capacity utilization, and
different levels otapacity utilization typically imply different mining costs per unit of output. Thus, the
relationship between capacity utilization and costs can be embodied directly in a supply curve.

Capacity Utilization/Marginal Cost Curves

Background Discussion and Theoretical Foundation . Lead time requirements force mine operators

to determine the adéinal new mine capacity required in year t and to begin prior to year t the mine permit,
construction,and development processes for the new capacity. If the coal demand anticipated in year t
significantly exceeds or falls short of actuamand, the percentage of mine capacity utilized in that year will
vary from 100 prcent. For exantg, between 1979 and 1986, EIA data indicate that capacity utilization was
less than 100 percent for the U.S. coal industry as a whole—- ranging from a low of 86 percent in 1979 to a
high of 93 percent in 198%6.

The excess capacity that characterized the coal industry during the 1980's was not necessarily due solely to
differences between expected and realized coal demand. Some of theapaeitg may have been structural

in nature. Coal mines (particularly large coal mines) generally produce for long periods of time. Mine lives
of 30 to 50 years arot uncommon. Imany cases, a coal operator may open a mine whose design capacity
exceeds the current coal demanih an expectation that demand will grow sufficiently to match the design
capacity. Widespread use of long-term contracts may encourage this practice: in general, a large mine will
not be opeed until a long-term contract has been signed for at least some portion of the mine's future
production. Because large mines are very capital-intensive, long-term contracts not only reduce the risk of
opening a large mining epation, but evidence of@ng-term commitment may be needed to secure adequate
financing.

Long-term @ntracts typically do not specify purchase ofec#fic annual quantity of coal but provide instead

a commitment to purchase coal within a predetermined range. Although a mine's capacity must be sufficient
to meet the maximum aant required by the buyer, actpairchases often are less. Moreover, the maximum
contracted quantity may be less than the mine's actual production capacity. Consequently, a mine operator
will try to sell excess capacityrtsugh short-term contracts or on the spot market. As demand increases over
time, the producer'$dity to sell excess capacity gaally improves.Thus, excess capacity initially available

at new operations tends to decrease over time. However, since new mines constantly are being opened to
replace retired opdrans as well as tmeet new demals, the excess capacity associated with new operations
tends to mitigate changes in the industry's capacityatiiiz and prevent the coal industry from reaching full
capacity utilization even under tight market conditions.

Despite the inherent structural component of excess capacity that existed in the coal industry during the
1980's, excess capacity also was affected significantly by the difference between expected and realized
demands. This was true particularly in the western coal region, where, during the A@R0&)sly
subeconomic reserves of lower rank, low-sulfur coal were developed rapidly in response to: (1) substantial
oil price increases; (2) new regulations controlling electric power plant sulfur-dioxide emissions; (3) the
Carter Administration's National Energy Policy, which emphasized the use of coal in meeting the nation's
future energy needs; (4) an optimistic outlook for #natbpment of coal-based synthetic fuels based on data
from experiments and demonstration pldhtsughout the country; and (5) decreased reliance on natural gas

for electricity generation, that resulted from state and federal actions aimed at curtailing its use in industrial

°Energy Information AdministratioiGoal Production 1986DOE/EIA-0118(86) (Washington, DC, January 1988) and prior issues.
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applications. High expectations of continued growth in demand for western coal resulted in a significant
amount of excess pacity in the western coal industry by the late 1970's. An evaluation of the western coal
mining industry suggested that actual 1979 prisdincepresented only 71 percent of original pre-production
planned capacity forsample of surface mines in Arizona, Colorado, Montana, New Mexico, North Dakota,
and Wyomingd’

Excess capacity affects mining costs. When capacity exceeds demand, coal operators respond by idling the
least productive, highest cost mines and/or mine sections. Operations remaining in production are
characterized by higher productivity and lower costs. And as a result of the mine operator's response, there
is an almost immediate improvement in productivity and mine costs.

Mine productivity may be improved further (and costs reduced) through technological and managerial
developments that are related indirectly to excess capacity. Historically, technological change has been a
persistent factor in reducing coal mining costs. The diffusion of new technology and improved operating
methods into the coal industry has occurred in both expanding and contracting market conditions. Excess
capacity conditions may force operators to hasten efforts to introukse technology and improved
management procedures, particularly if excess capacity persists, or is expected to persist, over a long time
period.

The relationship between pradivity and coal mine capacity utilization is shown in Figure 4, which depicts
marginal and arage product curves for a representative mine. As capacity utilization declines, the level of
employmenteclines as workers are laid off; likewise, the level of employment increases with increased
capacity utilization. Duringhis process, the marginal product of labor initially increases and then decreases
with rising employment levels.

The marginal product of labor measures the incremental change in output due to an incremental change in
labor, with all other factor inputs fixed. Output rises initially as labor is increased incrementally. At some
point, the rate of increase associated with additional labor begins to fall. This is the point of diminishing
marginal returns to labor. After thp®int, incremental additions to labor causes the average product of labor

to decrease dihat employing additional labor may be counterproductive. Consequently, a mine will prefer

to employ at the level vene the averageqmiuct of labor peaks, L in Rige 4, since each incremental increase

in labor up to L. increases the average output per worker and each increment of labor hbeyond L lowers the
average output per worker.

The relationship between labor productivity and employment level is defined by the portion of the average
product curve to the right of L , whe labor ppductivity isrelated inversely to employment level. If the mine

is operating, the employment level will be at leagtal to L, . Employment levels greater thgn L occur when

the mine is underutilized. Consexptly, a decline in capacity utilization leads to a reduction in employment
level and a corresponding improvement in labor productivity. As illustrated in Figure 4, if the employment
level declines from L to L the output per workees from AR to AP . Also, the marginal product of labor
increases as employment level declines. As a result, marginal and average costs are reduced.

"Energy Information Administratiohe U.S. Coal Industry, 1970-1990: Two Decades of ChdMQ&/EIA-0559 (Washington,
DC, November 1992), p. 12; and Bill Bryans, "Coal Mining in Twentieth Century Wyoming: A Brief Hisfoyshal of the West
21, no.4 (1982), pp. 24-35.

8Albert J. Herhal and Scott G. Britton, "Econofi@luation of the Western Coal Mining Industry," prepared for the Office of Policy
and Evaluation, U.S. Department of Interior (May 1981).
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Figure 4. Marginal and Average Products for Representative Mine
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Figure 5. Cost as a Function of Capacity Utilization

MC ATC

Cost of Production

o 100

Capacity Utilization (Percent)
MC = Marginal Costs
ATC = Average Total Costs
AVC = Average Variable Costs

Figure 5 illustrates for a typical mine the relatlipsbetween price, marginal cost, average cost, and capacity
utilization. Amine will design its operation to minimize average total costs. Hence, the point at which total
average astsare mirimized (point A) corresponds to 100 percent of the planned production or capacity. At
this point, marginal cost equals total average cost. In a competitive market, the mine will maximize profits
at the point awhich the market price (P ) of each unit of production is equal to the marginal cost of
production. Therefore, the mine operates at full capacity only when price equals P . For example, if the
market price were lower than P, sgy P, the mine would operptratB and produce at less than 100
percent capacity. At Byrice is less than average total cost and the mine does not recover its full cost of
production. Under thisondition, the mine's loss is defined as the sum of areas 1,2, 3, and 4. However, at B
the mine minimizess loss; otherwise, losses would equal the sum of areas 1, 2, 3, 4, 5, 6, and 7 (total fixed
costs) if the minavere to shut down completely. Thus, in the short run, it is in the firm's interest to produce
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at B despite egative economic profits. However, if the price were less than P (the price corresponding to
the minimum average variable cost), the firm will minimize loss by "idling" the mine (assuming zero idling
costs)™?

Each mine's supply curve is defined as the portitineofarginal cost curve lying above the average variable
cost curve. The industry supplyree is obtained by aggregating over all mines the individual marginal cost
curves. Figure 6 illustrates for the mining industry the relationship between marginal cost and capacity
utilization, where point A represents 100 percent industry capacity utilization. As the figure suggests, a
decline in utilization is associated with a lower marginal cost of production.

As discussed above, individual mine operations may choose to "idle" a mine when price declines below the
mine's average variablest. Thus, declining coal prices maguce mines with higher average variable costs

to cease mducton. As marginal higher cost mines idle (and temporarily "exit" the industry), the industry's
marginal and asrage osts @crease. s, as the industry adjusts to declining prices, a larger fraction of the
industry's "design" capacity corresponds to idle mines.

Capacity Utilization/Marginal Cost Cur  ves for the CPS . In the CPS, capacity utilization/marginal cost
curves are del@ped fromregression models where minemouth price is the dependent variable and capacity
utilization, labor productivity, real labor costs, and real diesel fuel costs are the explanatory variables. As
discussed above, in a competitmarket the mine it maximize profit (orminimize loss) by setting its output

rate so that minemouth price equals marginal cost. Since historical data on marginal mining costs are
unavailable, the minemouth price is used as a proxy for marginal cost because mines will maximize profits
by producing up to the point where marginal cost equals price. It is assumed that the bulk of reported
minemouth prices approximates closely the actual marginal cost of mining.

Although it isassumed that coal industry behavior reflects the characteristics of a competitive market, there
are a number of factorgat may cause the industry to deviate from a true competitive market structure. One
major factor is the dependency of coal producers on long-term contracts with electric utilities. The
charactastics of long-€rm @ntracts that affect coal priceriation include: (1) long-term contracts typically

are designed to reflect full cost recovery of producers; and (2) long-term contracts act to insulate producers
from short-term price fluctuations. Other mechanisms for coal market transactions include the spot market,
short-erm ontracts, mediunmetm ontracts, and long-term contracts with short-term price re-opéners. The
minemouth price represents an average of these market transactions, and each distinct market transaction
typically carries a different level of pitgy*? Thusthe average minemouth price may not conform precisely

to marginal poduction costs associated with variations in factors of a relatively short-term nature such as
capacity utilization and labor productivity. These costs are more likely reflected in spot market prices than
in contract prices because the spot market for coal includes all market transactions in a purely competitive
market. Howevehistorically, moements in coal corgct prices have trackewnsistently movements in spot
market prices so that the trend in the posite minemouthrce approximates a competitive market. For this

°The analysis here &atic rather than dynamic. In a dynamic analysis, along the lines of Hotelling, the shut-down decision in the
current period would be based on the future time path of prices, in addition to the relationship between the current price and average
variable costs. Given the assumptions underlying a dynamic analysis (e.g., that there is no uncertainty regarding either the size of the
reserve base or the future costs of extraction), it is believed that the static approach describes better the realities of the coal industry.
Harold Hotelling, "Economics of Exhaustible Resourcésyrnal of Political EconomyApril 1931), pp. 137-175.

An idle mine is defined as a mine that currently is not producing coal, #ilt &pen(i.e., access to the seam Imat been
permanently sealed) and talkthe necessagquipment (though not the workforce) required to produce coal. Since the workforce
required to bring an idle mine back into production generally caindzkwithin a short time period (a few months at most), these mines
represent a part of the total capacity available in any given year.

Separate data on average minemouth prices of coal for the spot and contract markets are not available.

2During the past several years, the average delivered price of utility coal under contract has been higher than coal sold on the spot
market. Energy Information Administratio@ost and Quality of Fuels for Electric Utility Plant4991 DOE/EIA-0191(91)
(Washington, DC, August 1992) and prior issues.
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reason, it is believed thaasonably represetive relationships between the marginal cost of mining and the
explanatory variables can be captured through reported minemouth*prices.

Figure 6. Industry Marginal Costs vs. Capacity Utilization

Marginal Costs (Dollars per Ton)

\ \ \ \ \ \
(o} 20 40 60 80 100
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Surge Capacity and Capacity Expansion . As suggested by Figures 5 and 6, in the short-run a mine can
produce in excess of 10@rpent capaty. This "surge'tapacity represents production that is greater than the
nominal design capacity (the capacityiich under normal conditions the mine is designed to operate). As
discussed above, the mine's design capacity corresponds to the point at which the marginal cost equals the
averageotal cost (Point A in Figure 5). Avageotal costare minimized at this point, and the mine operator

will plan to operate at this point in the long run. However, production can be increased blegaynd
capacity, at the expense of higher marginal and average costs. Therefore, if demand exists, and if the price
of coal is high enough fastify higher marginal costs, the mine will produce beyond its design capacity. In
practical terms, this additional production might be obtained by adding a third production shift to a mine
normally scheduled to produce coaly two shifts per day. Alternatively, a mine scheduled to produce coal
threeshifts per day might work Saturdays, Sundays, atlidays to increase output. The additional output
realized by expandintpe production schedule may come at the expense of higher labor costs (due to higher
wage rates paid for work performed on weekends and holidays) and reduced productivity (due, e.g., to the
hiring of less experienced workers and reductions in the amount @iaiable for preventive maintenance).
However, as long agrices are sufficient to cover the higher costs, it is likely that the mine operator will
continue toproduce to the maximum level technically feasible using the existing equipment fleet. This

3To the extent that average minemouth price reflects market transactions other than the spot market, the regression coefficients may
tend to be smaller because coal sold under contriessi®sponsive than the spot market to changes in capacity utilization, labor
productivity, and factor input costs.
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maximum production level corresponds to the mine's surge capacity. In Figure 6, the total design capacity
of the industry corresponds to A, and the total surge capacity corresponds to B.

Surge capacity typically is utilized only over short periods. If demand continues to exceed design capacity
over a longer period, the operator will respond by adding to the mine's equipment fleet (thereby increasing
its design cagcity) and/or opening new mines. However, within a single forecast year, the number of
operators who can increase the design capacity of their existing operations, and the extent to which the
capacity can be aneased, W be limited by mine design arehgineering considerations. Likewise, lead time
constraints will limit new mine capacity additiori%r a single year, lead times will limit the number of large
mines opened to mines currently under construction prior to the beginning of tHé year.  Since these mines
are plannedbased on expected demands, they do not represent a source of capacity for meeting additional
unforeseen demands.

Small mine operators that have obtained necessary mining permits will be able to initiate and complete
construction activities within the year, but may not reach full production levels until roughly mid-summer
even if construction bégs in January. Prior to passage of the Surface Mining Control and Reclamation Act
(SMCRA) in1977, small mine operators were able to respond rapidly to unexpected demand increases by
opening new ogrations; however, theepmitting and bnding requirements created by SMCRA have reduced

the small operator's ability tespond rapidly to capacity shortfalls. Nonetheless, since some mine operators
may obtain mimg permits for more properties than they actually expect to develop, a limited amount of
additionalcapacity above the amount provided by existing mines could be added to the supply curve by
opening small ogrations. In addition, a small amount of production coulaidoled to the curve by expanding

the capacity of some existing operations. However, it is unlikely that this limited amount of additional
capacity potentially available from existing mines and small new mines will be opened unless operators
believe that the unexpectedly hidggamand level will continue sufficiently to justify the capital expenditures.
Finally, the portion of the supply curve lying to the righthef design capacity point is expected to be utilized

by the CDS only on rare occasions. For these reasons, the model assumes that the amount of available coal
supply over and above design capacity is limited tqoiftatided by the surge capacity of existing operations.

Adjustments to Coal Mine Capacity

The preceding discussion focused on short-term issues that determine cost and availability of coal supply
within a single NEMS forecast year. Thassumption underlying short-term cost and availability is that
industry capacity is fixed; i.e., that new mines will notpered. This assumption is sufficient for estimating

coal supply for a singlesar. Howeer, since the NEMS forecast horizon is 25 years, the model must be able

to adjust industry capacity each year as mines open and close. To estimate annual production capacity, the
CPS and CDS make use of projected coal demands from the Electric Market Module, the demand modules,
and the Coal Export Submodule. Mine capacity is dejigloy the model for each year of the forecast period.

The annual capacity projectioase used to move the position of the design capacity point to the right on the
coal supply curve (point A on Figure'®)Thus, although the supply curve will remain fixed in lengithin

a forecast year, itilbecomelonger from one forecast year to the next to reflect new mine openings and the
increase in avaible capacity. The variables included in the capacity model are discussed separately below.

“Based on information presented in the report "Economic Evaluation of the Western Coal Mining Industry" (by Albert J. Herhal and
Scott G. Britton), construction times (exclusive of development) range from approximately 1.25 to 3 years fds08r§8Qton-per-
year) operations.

BHistorical data were obtained for the industrial and export sectors from the EIA-6 data base. Export demand includes all overseas
shipments and shipments to Canada and Mexico. Industrial demand includes domestic shipments of U.S. coal to both the coking and
industrial steam coal sectors. Only national levels are included in the model.
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Coal Demand . The decision to open a new mine is a long-run decision based on expected changes in coal
demand. Because of the lead time required to open a mine, the coal industry must make capacity expansion
decisions prior togar that thedditional capacity will be gired. Consequently, projections of coal demand

in yeart for yeart+x are used by the CPS and CDS to determinenciva capacity requirements in yeax.'®
Projections of coalemand arebtained from the Electricitylarket Module, the Coal Export Submodule, and

the demand modules. The CDS solves forahstlcost sources of mine capacity by supply region, coal type,

and miningmethod for yeat+x using the projections of coal demand in yefr yeart+x and coal mine
capacitycurves from the CPS. Coal mine capacity estimates fortygaas determined by theDS, are

provided to the CPS.

Reserve Depletion

Mining costs vary significantly and depend, in part, on the geological characteristics of the reserves. Coal
mine operators generally mine lower cesterves prior to higher cost reserves to minimize production costs.
Costs tend to rise as reserage depleted and operators are forced to develop less attractivkepoalts.
Technology developmeand other factors, however, may mitigate the effect of reserve depletion on mining
costs. The model considers theffects in stimating mining csts. However, the effects of reserve depletion

and other factors arewsicered separately togiure interrelonstips that may exist among factors affecting

mine costs. To capture depletiffects, the model usesagenous reserve depletion functions obtained from

the RAMC to adjust the supply curves over time.

Technology Change/Labor Productivity and Factor Input Costs

New technology developments tend to be evolutionary rdtherrevolutionary in nature in the coal industry.

The introduction of longwall mining into the United States in the mid-196\sdes the most recent example

of an entirely new mining system penetrating the market. One must return to the late 1940's, and the
development of continuous mining, to find a technological change comparable in scope to the introduction
of longwall mining. Furthermore, these new technologies have increased their market shares gradually over
time. For example, the percentage of total underground production from continuous mining increased from
2 percent inl951 to 31 percent in 1961. By 1971, the share of continuous mining coal prodvasi&i®b
percentand in 1990, continuous mining accounted for 64 percent of total underground production. The
percentage of total underground production mined by longwalls rose from less than 1 percent in 1966 to 4
percent in976. Recent estimates suggest that longwall mining contributed approximately 16 to 20 percent
of total underground production in 1982, and estimates by the EIA suggest that longwalls accounted for 29
percent of total underground production in 1990. For surface mines, the size and capacity of the various
types of equipment used (including shovels, draglines, front-end loademrsick®) has gradually but steadily
increased over time.

Whether technological change represents improvements to existing technologies or fundamental changes in
technology systems, the change has a substantial impact on productivity and costiew\&kiteptions,
transition in the coal industry to new technology has bestugt, and the effect on productivity and cost also

®The model currently uses projections of coal demand irt jeayeart+x.

73, 1. Rosenberg, et. allanpower for the Coal Mining Industry: An Assessment of Adequacy throughp2épared for the U.S.
Department of Energy (Washington, DC, March 1979).

8Energy Information Administratiooal Data: A Referenc®OE/EIA-0064(90) (Washington, DC, November 1991), p. 10; and
Paul C. Merritt, "Longwalls Having Their Ups and DowrBg@al, MacLean Hunter (February 1992), pp. 26-27.
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has been gradull. The gradual introduction of new technology development is expected to continue during
the NEMS forecasting horizon. Potential technology developments in underground mining during the next
10 years are as follows:

e A continuation in the trend toward increased continuous miner mining and loading rates
e Introduction of equipment with self-diagnostic capabilities

e  Automation of longwalls

e Increased depth of cutting drums on longwall shearers

e  Continued penetration of improved longwall and continuous mining technology

e Increaseditilization of conveyor belnonitoring systems, and extension of monitoring systems to the
production equipment

e Introduction of pillaring shields (currently in use at only two mines)
e Increased utilization of continuous haulage systems in thick seams
e  Application of longwall mining to above-drainage seams
® Increased utilization of continuous mining supersections.

Potential improements in sdiace nining technologynclude the increased utilization of on-board computers
for equipment monitoring, thacreased use of blast casting for overburden removal, and the continuation in
the long-term trend toward higher capacity equipment (e.qg., larger bucket sizes for draglitvesignd
shovels and larger trucks for overburden and coal haulage).

Technological developments during tiNEMS time horizon are expected to consist of incremental
improvements to existing technology rather than the introduction of new technologies. Because of the
complexity in representing explicitly in theodel the cost impact of each potential technology improvement,

the effect of incremental technology change is captured indirectly through its estimated net effect on labor
productivity. Since technology developments in the mining industry reduce costs primarily by impacting
productivity,exogenous estimates of labor productivity that reflect the estimated net effect of technological
improvement are provided to the model in each forecast year. Separate estimates are input to the model for
each rgion and mining methodThe cost effect of the labor productivity change for each succeeding year is
determned using the regional regression models for surface and underground mine marginal costs. In each
forecast year, the regression model for each region, mining method, and coal type determines the change in
cost due to the change in labor productivity, as well as the factor cost inputs, between the base year and the
forecast year. This calculation is based on exogenous productivity forecasts together with forecasts of the
variousfactor input costsAfter adjusting the supply curve's position to reflect reserve depletion, the supply
curve is shifted up or down by an amount equal to the estimated cost change. The costs of factor inputs to

®perhaps the most notable exception has been the dramatic, on-going rise in longwall productivity, following rapidly on the heels
of the introduction of a new generation of longwall equipmetfitariast decade. Between 1986 and 1990, longwall productivity nearly
doubled, andlthough this increase should not be attributed solely to the improvements in longwall technology, the introduction and
rapid penetration of the new longwall equipment was unquestionably a major contributing factor.

23, C. Suboleskgt. al.,Central Appalachia: Coal Mine Productivignd Expansion (EPRReport Series on Low-Sulfur Coal
Supplie¥ (Palo Alto, CA: Electric Power Research Institute (Publication Number IE-7117), September 1991).
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mining operations captred by the model include real labor costs and real diesel fuel prices over the forecast
period.

A Comparison of the CPS to Other Coal Supply Analysis Models

During the development of the CPS, three alternative mid-termscqgdly analysis approaches were
reviewed. These approaches arbedied in the followingnodels: the EIA's RAMC, the coal supply module

of ICF Inc.'s Coal and Electric Utilities Model (CEUM), and the coal supply portion of the Data Resources,
Inc. (DRI)/Zimmerman Model. These approaches are outlined in this section. In addition, since the RAMC
will supply reserve depletion information to BES, the manner in which the other caabply modules
estimatethe effects of reserve depletion is compared with that oR&MC. Also, thesupply analysis
methodologies used in the RAMC, the CEUM, and the DRI/Zimmerman model are compared with those to
be incorporated into the CPS.

Resource Allocation and Mine Costing Model

The RAMC generates coslipply curves thatre used asput to othetElA models—most notably the CSTM.

The CSTM uses RAMC supply curves, in cagjion with its coal transportation network, to determine least

cost supplies of coal by supply region for a given set of coal demands by demand sector and region. The
RAMC supply curves formerlywere used as aaxogenous input t&lA's Intermediate Future Forecasting
System (IFFS), which pduces energy foress for EIA'SAnnualEnergy Outlook RAMC supply curves also

have been used as input for stand-alone model runs &3A&1 to analyze coal-relatédsues such as
proposed changes in State severance taxes and the potential impact of proposed coal slurry pipelines. The
RAMC is included inNEMS, but is maintained and operated off-line rather than being incorporated and
executed as part of an integrated submodule of NEMSRAMC supplies reserve depletion and production
capacity-related information as an exogenous input to the CPS.

The RAMC uses a model mine approach to construct mid-term coal supply curves. The model incorporates
32 supplyregions and 30 coal types (combinations of 5 heat content categories and 6 sulfur content
categories). With the exception of reducing existing mine steps to reflect the retirement of older mines, the
RAMC supply curves remain static over timdew mines are opened only when production from existing
mines cannot meet a specified level of demand. RABIC assumes all mines operate at full capacity
utilization under a presumption that coahthnd balances production capacityhiea long-ternt!  The RAMC
adjustsmining costs for projected or assumed changes in the real costs of capital, labor, and power and
supplies through the incorporation of separate escalation factors for each of these categories. Adjustments
of these escalators are reflected in the cdlonlaf annual levelizedosts in the RAMC and can be made only

at the national level.

ICF's Coal and Electric Utilities Model

The CEUM is used to analyze coal-related policy issues. It is a successor to the National Coal Model
developed by ICF, Inc. for the Ferdl Energy Adrimistration in 1976° Among the many analyses the CEUM

AThis assumption may be unrealistic, as discussed above. However, unlike the RAMC, the CPS does not assume that mines operate
at full utilization at all times.

Z|CF, Inc.,The National Coal Model: Description and Doamation prepared for the Federal Energy Administration (Washington,
DC, October 1976); and Resourcen@gnics Corporatiomh Review of Coal Supply Modgpsepared for Assistant Secretary of Fossil
Energy, U.S. Department of Energy (Washington, DC, October 1982), p. V-6.
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has been used for are western coal development, Federal coal leasing, and acid rain mitigation proposals
(including analyses of various legislative proposals leading to the enactment of the Clean Air Act
Amendments of 1990 for the Environmental Protection Agency).

The coal supply natule of the CEUM uses a model mine approach to produce mid-term coal supply curves.
The model incorporates 40 supply regions and 50 coal types (ctiotsnaf 7 heat/volatility level categories

and 7 sulfur content categories, plus 1 anthracite catetjoiffie effects of depletion, changesabor
productivity, and changesiieal sts offactor inputs on mining costs are estimated over the forecast period.

The coal supply module of the CEUM and the RAM@rsitommon agins, since both are modified versions

of the coal supply model incorporated into the 1976 version of tienlbCoal Model. However, the current
versions of thenodels use somewhat different methods for deriving annual levelized mining costs. Most
revisions to these mets involved the addition of more detailed model mines which better reflect variations

in coal geology and coal mining techniques. In addition, longwall model mines have been added to reflect
the growing importance of longwall technology in the U.S. coal mining industry.

The ICF model and database modifications th&grdifom RAMC are: (1) the incorporation of mine start-up
(i.e., development) and shut-down productivity and produlgticais into the model's mine costing equations;

(2) the incorporation of intertemporal reirtt the algorithm used to calculate a minimum acceptable selling
price?* and (3) the inclusion of additional non-DRB reserves (primarily inferred) into the modeling reserve
base.

DRI/Zimmerman Model

The DRI/Zimmerman coal model is used to develop mid-term forecasBRbinc.'s coaknalysis and
forecating servicé®> Ithe DRI coal supply module, reserves are allocated to mine cost categories (defined
primarily by seam thickness for underground mines and by overburden ratio for surface mines), in contrast
to being albcated to coal mingS. As a result, the horizontal axBRifsupply curves reflects the total
amount ofecoverable coal reserves instead of potential annual production. Long-run marginal costs, which
determine the height ekch step, are the sum ohaal levelized cdfal costs and current year mine operating
costs’ Thus, if labor, materials, and supply costs do not increase in real terms over the forecast period, the
DRI mine costs are equivalent to an annual levelized cost. On each supply curve, all reserves in the lowest
cost categry for a particular region and coal type combination are produced before any reserves in the next
highest cost category. Timit the amount of new production that can come on-line in a given forecast year,
maximum annualgrcentage increasielecreases in coalggtuction are input by supply region. Intertemporal
adjustments tanine costs are made to reflect the impact of expected changes in labor prodtfctivity. The
model incorporates 10 supply regions and 6 coal types (sulfur content categories).

The primary difference between the DRI model and the RAM®&ain theDRI model all reserves in the
lowest cost category for a particular regéomd coal type are produced before any reserves in the next highest
cost category. In contrast, olRAMC supply curve, where the horizontal axis represents potential annual

BICF, Inc.,Documentation of the ICF Coal and Electric Utilities Model: Coal Supply Curves Used in the 1987 EPA Interim Base
Case prepared for the U.S. Environmental Protection Agency (Washington, DC, September 1989).

#Intertemporal rents are based upon the economic theory of depletable resources.

Resource Dynamics CorporatiégnReview of Coal Supply Modgts VII-1.

%Benjamin Lev, edEnergy Models and Studi¢amsterdam: North Holland Publishing Company, 1983), Richard L. Gofdun,
Evolution of Coal Market Models and Coal Policy Analypis73.

#Resource Dynamics CorporatiegnReview of Coal Supply Modgts VII-52.

#King Lin, Data Resources International, Inc., Personal Conversation, March 18, 1992.
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production, coal of various costs is produced at the sam&time. Thus, in the RAMC, the producer with the
highestmining costs, as determined by the annual level of coal demand, is treated as the price leader.
Producers with lower mining costs on the same supply curve earn economic rents.

All else being equal, depletion effects have less influence on minemouth price un@&tlthgproach

because (1) no producers earn economic rents and (2) reserves are not allocated to mines (thus assuring that
lower-costreserves are completely exhausted before higher cost reserves are developed). A criticism of the
DRI methodology is that, sinceafe are nainused committed rases, price rises will continue to be forecast

during a period of declining coatahand® This isdrause the DRI methodology assumes that all lowest cost
reserves (i.e., the lowest step on the supply curve) are mined before the next higher cost reserves. Thus, even
during periods of declining coakahand, all reserves in a cost category can be depleted and production would
proceed to thaext highest cost category of reserves, with the result being higher price forecasts. However,
this critidsm is not without exceptions since: (1) retirement of existing production capacity in the RAMC
model shortens supply curves andyéfore, can gult in the condibn of rising price forecasts during periods

of decreasing coal demand; and (2) both productivity increases and declining wages result in downward
adjustments of supply curves in therent version of the DRIEImmerman model, which can more than offset
estimated price impacts of reserve depletion.

Comparison of the NEMS Model with the RAMC and the Coal Supply Modules of the
CEUM and the DRI/Zimmerman Model

The NEMS model does not incorporate explicitly the RAMC modeling methodolatpvedop supply curves.
Rather, the CPS construaspply curves using projected coal production capacity by region and coal type
in conjunction with regression equations that relate capacity utilization to marginal costs. Coal production
capacity projections, howevearre determined primarily from projected coal demands from other NEMS
modules and ptewisdinear capaity curves devealped through the RAMC methodology. An initial upward
adjustment tdhe supply curves is made on the basis of reserve depletion information fre(tANE.
Additional adjustmentare made to capture the effects on mining costs of labor productivity changes and
changes in real operating costs.

In addition to imorporating the RAMC reserve depletion effects, the CPS includes enhanced capabilities to:
(1) adjust minemouth cost estimates for projected changes in labor productivity, wage rates, and fuel costs;
(2) limit the amount of new production capacity that can come on-line in any given year (incorporating the
real-world relity of lead-time constraints); and (3) analylze impacts on the coal industry of variations from

full coal mine capacity utilization.

Both theCPS and the ICF model aemt fordepletion effects, labor productivity change, and changes in real
operatingcosts over the forecast period. However, unlike the ICF model, which incorporates projected or
assumed chaes in labor productivity and real operating costs into its calculation of an annual levelized
cost® the CPS makes annual adjustments to the supply curves. The CPS does not include detailed reserve
allocation and mine costing algorithms, since the primary purpose of these algorithms is to estimate the
relationship between reserve depletion and micagls (which the CPS captures as an exogenous input from

the RAMC). Also, the regional and coal type classification of the CPS is less detailed tharstipgp0
regionsand 50 coal types classification of the ICF model. By eliminating the need to use detailed reserve
allocation and mine costing algorithms (as included in the ICF nibdeQPS algorithm substantially reduces
solution time requirements and meets the NEMS requirement to minimize total module execution time.

#Steps on a RAMC supply curve are ordered from lowest production cost to highest production cost.

%Resource Dynamics CorporatiegnReview of Coal Supply Modgts VII-54.

3ICF, Inc.,Documentation of the ICF Coal and Electric Utilities Model: Coal Supply Curves Used in the 1987 EPA Interim Base
Case and Dan Klein, ICF, Inc., Personal Conversation, April 6, 1992.
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Also, in contrast tothe ICF model, the CPS limits the amount of new production capacity brought on-line in
any given foecast year and models véoas from full ®al-mine capacity utilization that, for example, result

from uncertanty in futuredemand. However, it should be noted that the productivity and production profile
for new mines incorporatedto ICF's mine costing equations also address, to a more limited extent, mine
lead-time constraints, since new mines in the ICF model come on-line at less than full production capacity.

The CPS and the DRI modwth estimate depletiaifects,changes in labor productivity, changes in the real

costs of factor inputs on mining costs, and make annual adjustments to the supply curves over the forecast
period. The CPS also limits the amount of new production capacity that can come on-line in a given year.
In contrast to the DRI model, which determines the limits exogenously, limits on new mine capacity additions
in the CPSor a given forecast year are a function of current and previous year forecast resutt§&om

NEMS modules. Also, as discussed above, unlikeDtRé model, the CPS reducegecution time by
capturing exgenously the relationship between reserve depletion and mining rather than including detailed
reserve allocation and mine costing algorithms.

Finally, although the ICF andRI models address some of the key CPS issues, the fact that the models are

proprietary, not fully documented, not codedNEMS standards, and not publicly available make them
inappropriate for use within the NEMS.
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4. Model Structure

This chapter discusses the modebtiicture and approach used by the CPS to construct coal supply curves.
The chapter provides a detailed description of the model, including a discussion of the key mathematical
relationships and procedures for constructing the supplgsuiThe estimating equations and a flow diagram
showing the sequence of computations are included in Appendix B.

The model consticts a distinct set of supply curves for each forecast year in four separate steps, as follows:
e  Step 1: Project coal production capacity by region, mine type, and coal type for each forecast year

e Step 2: Estimate the relationship between the mine's capacity utilization and the marginal cost and
develop capacity utilization/marginal cost curves by region and mining method

e  Step 3: Construct generic short-run supply curves (i.e., curvesftbat only the relationship between
level of production antharginal costs) using projected capacity and the capacity utilization/marginal
cost curves

e  Step 4: Adjust the vertical position of each annual short-run supply curve to reflect the effects on
marginal cost of reserve depletion, labor productihgnges, and changes in real labor and fuel costs.

Step 1. Production Capacity Forecasts

As discussed in Chapter 3, the capacitg»ating operations constrains the quantity of coal available during
each year of the forast period. The CPS recognizes this critical constraint by building the supply curve on
the basis of a projection of the design capacity of existing operations.

In Step 1, coal mine capacity totals for each unique combination of supply region, mining method,and coal
typeare stimated empirically using information obtained from other NEMS modétles. Coal mine capacity
projectionsare based on information provided by #&M concerning future coal-fired power plant fuel
requirements and information provided by other NEMS modules concerning future industrial, commercial,
residential, and export sector coal demands. The long-term coal-fired power plant capacity requirements
projected by the EMM reflect changesiower plant capacity due to capacity additions and requirements, as
well as expected shifts irrthand by coal qualitfdue, for example, to the 1990 Clean Air Act Amendments).
Projected utility coal-fired power plant capacity reguoients (represented aquivalent coal demand) together

with projected demands from other sectors and piecewise linear capacity/supply curves form the basis for
distribution by the CDS of projected coal capacity requirements.

The capacity projection methodology is summarized briefly as follows:

e projected coal-fired power plant, nonutility, and export sector demands are provided to the CDS
through the NEMS modules

#The function of the capacity projection metHody is determine in yedrthe coal production capacity required in yeax, where
xrepresents the lead time required to bring a mine to meaningful production levels. Currently, the lead time requirement is set equal
to 2 years.
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e  RAMC supply curvegrepresating themarginal cost of new capacity) adjusted for the effects of labor
productivity changeand changes in real labor and costs are converted to piecewise linear curves and
passed to the CDS

e |east-cost coal production capacities required to meet projected coal demands are determined by the
CDS using the current CDS solution algorithm

e  projected coal capacitiese aggregated by the CPS to CR$pburegion, coal type, and mine type and
adjusted for excess capacity.

Projecting Utility, Nonutility, and Export Coal Demand

Projections of utility coal demands currently are obtained directly from EMM forecasts of coal-fired power
plant requiremets. The EMM has a 6egr capacitgxpansion projection horizon. Since, the current version

of the CPS assumes a 2-year lead time to bring mines to meaningful production levels, estimates of coal
demand arebtained only for the secondar of theés-year EMM capacity expansion projection horizon. The
EMM provides coal demand to the CDS by coal rank, sulfur content, and coal demand®egion.

Nonuftlity and export sector coal demands represent a small share of total coal d&mand. Conceptually,
projections of nonutility and export secttemand can be obtained using information provided by the NEMS
modules. For example, if coal producers partially adjust capacity in each year to move toward a desired
capacity level, ioremental capity requrements can be appxémated by a simple extrapolation model which
projects nonutility and export sect@ndand as a function of current and historical demand 1&els. The CPS
emulates this extrapolation methoddbtaining from the NEMS information concerning future expectations

of nonutility and export sector coa@mands. These expecteshthndsare combined with the projected utility

coal demands to obtain total coal demands in the projected®year.

Developing Capacity/Supply Curves from the RAMC

The RAMC supply curves estimate tharginal ost of new coal production. In contrast to the marginal cost
curves used in the CPS, embedded in the development of the RAMIDy curves is an assumption that
mines operate at full capacity. Consequently, the set of RAMC-generated supply curves represents the
marginal cost of new coal production capacity. afljusted set of RAMC supply curves is passed to the CDS

to determine the least-cost distribution of new coal productacis in response to projected coal demands.

#Alternatively, coal demand can be obtained from projected capacity planning decisions estimated by the EMM. The EMM projects
coal-fired power plant capacity expansion in each of 6 years following the forecasegéarates of future utility coal requirements
can be obtained by converting the capacity projections to coal demand using long-term capacity utilization and heat rates associated
with the coal-fired power plants, as follows: (D ) = Kf(C )*(GF )*(5iR ), whegg D s utility demand for coal type g in demand
region d, G, is projected coal-fired power plant capacity for coal type g in demand regign d, CF is long-term capacity utilization for
coal-fired power plants in demand region d,HR is long-term heat rate for coal-fired power plants in demand region d, and i equals the
projected year and k is a constant. Coal demand estimates I89th&EOwere obtained directly from EMM forecast to provide a
more stable solution. The alternative coal demand projection methodology can be implemented as a future enhancement.

*In 1990, nontility consumpion was approximately 11.2 percent of total coal production and exports were 10.3 percent. By 2010,
nontility consumption is expected to decreasestarty 9 percent of total coal production and exports are expected to increase to about
17 percent, See Energy Information Administratinnual Energy Outlook993 DOE/EIA-0383(93) (Washington, DC, January
1993).

%An example of an exponentially weighted extrapolation model for projecting demand is as follows:

DF,, =aD%+ (1 -o)DF, where D is projected demand andl D is actual demand. By taking the difference between projected demand
in yeart + 1 and actual demand in yeathe incremental projected demand reduces to the following #Bf;, = u>?, + (1 -«)D",
where U ana represent adjustment factors.

%Currently, future expectations of nonutility demand are obtained from the NEMS restart file.
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The long-term annual RAMC capacity curves adgusted to capture the effects of changes in labor
productivity and changes factor input costs and fuel prices. For epabjected year, changes from base year
values are computed based on projected changes in productivity, factor input costs, and fuel prices. The
capacity curveareshifted vetically to reflect the incremental changes to mining costs. The capacity curves
are @justed further to account for the retirement of existing capacity. The adjusted RAMC capacity curves
are converted to piecewise linear segments and passed to the CDS.

Aggregating to CPS Supply Regions and Adjusting for Excess Capacity

The CDS determines the least-cost distribution oéptefl capacity based on projected coal demands and the
piecewise linear capacity curves. This procedure is discussed in Part Ill - Coal Distribution Submodule
Documentation. The projected capacities are passed to the CPS.

A disaggegated set of projected capacities is passed to the CPS by the CDS. The CDS projects capacity by
supply rejion, demand region, coal type, and demand sector. The capacities must be aggregated to CPS
supply regionscoal types, and mine types. The CPS searches through the set of projected capacities to
identify and aggregate capacities corresponding to €&% region, coal type, and mine type. When
appropriate, the projected least-cost capacities (required to meet demand and replace capacity lost when
existingmines are retired) are reduced to account for excess capacity existing in the prior year. Excess
capacity iddetermined by comparing the capacity in a supply region by coal type and mine type in the prior
year to the corresponding shipments from the supply region projected fdarty2ar

Step 2: Development of Capacity Utilization/Marginal Cost Curves

In Step 2, a set of regression equations estimates the relationship between capacity utilization and marginal
cost. These regression models estimmaigyinal costs as a fation of capacity utilization, labor productivity,

labor costs, and diesel fuel costs. A distinct capacity utilization/marginal cost curve is developed for each
mining method. In this step, estimates by coal #ypeot detemined since mining costs are not significantly
dependent on coal type.

Two distinctmarginal cost regression modelsre estimated: one for underground mines and one for surface
mines. Because capacity utilization and prodgitgtare both functions of price, regression of these variables
onto price using aardinary least squares approach would yield biased coefficient estimates. Thus, in order
to obtain consistent, unbiasediresites of marginal cost, a two-stage least-squares methodology was used in
which the estimated values of productivatyd capacity utilization were used as input variables in the second
stage.

In the CPSsupply curves essentially are developed by retaining capacity utilization as a variable in the
marginal cost models, while holding the values of the other independent variables constant. Each marginal
cost model is used as the basis of the supplyes for all coal supply regions and coal types within a mining
method. The end portion eéchcapacity utilization/marginal cost curve, as shown in Figure 6, corresponds

to surge capacity. Because comprehensive data on mine capacity and prices are lacking for the most recent
period of shortfalls in U.S. coal production capacity—the years 1973 through 1975—engineering estimates
for surge capacity were used instead of a regression model. The CPS has the capability of estimating surge
capacity and the prices associated with that capacity on a regional basis.

The general form ahe regression model for estimating marginal costs of production at underground mines
in each supply region is as follows:

MMP, = EXP[a(1/LP ) + b(CY ) + c(DFB} +d(LC)-e(D)-f(D)- g{D )]
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where

MMP, = marginal cost of production at underground mines for supply region

LP, = predicted average labor productivity at underground mines in supply region
CU, = predicted average capacity utilization of underground mines in supply region
DFP = average annual U.S. diesel fuel prices

LC, = escalation index for labor costs for underground mines in supply region

D, = dummy variable for Alabama coal supply region

D, = dummy variable for western Kentucky coal supply region

D, = dummy variable for lllinois-Indiana coal supply region

and a, b, ¢, d, e, f, and g are regression coefficients.

The general form of the regidon model for estimalg marginal costs of production at surface mines in each
supply region is as follows:

MMP = [a(1/LP,f +b(CU) +c(DFP)+d(D)+e®D)+fdD )+ g(B']

where
MMP, = marginal cost of production at surface mines for supply region
LP, = predicted average labor productivity at surface mines in supply region
CU, = predicted average capacity utilization of surface mines in supply region
DFP = average annual U.S. diesel fuel prices
D, = dummy variable for West Virginia coal supply region
D, = dummy variable for Alabama coal supply region
D, = dummy variable for western Kentucky coal supply region
D, = dummy variable for lllinois-Indiana coal supply region

and a, b, ¢, d, e, f, and g are regression coefficients.
Regression results for the marginal cost models are provided in Appendix E.

The role of other independent variables in the construction of the CPS coal supply curves is discussed in the
following subsections. For the purpose of the present discussion, they may be viewed as constants.
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Step 3: Construction of Generic Marginal Cost/Capacity Utilization
Supply Curves

In Step 3, the capacity utilizationérginal cost curvesre converted to supply curves using the mine capacity
forecasts estimated in Step 1. This is accomplished by converting from a percentage utilization to a
production basis.

Using the capacity utilizatiomarginal cost functions in conjetion with the endogenous capacity projection,

the CPS constructssaupply curve (i.e., production/price relationship) for each region, mining method, and
mine type. This is accomplished by converting the x-axis on each capacity utilization/marginal cost curve
from a percentagdtilization to a tonnage outputdia. For any given point on the x-axis, capacity utilization

is converted into a corresponding production level as follows:

Pkt = (UJ /100)(9,k,t )

where
Pk = corresponding production for region i, mining method j, coal type k and year t
(tons)
U, = capacity utilization for region i and mining method j (percent)
Cijkt = projected capacity for region i, mining method j, and coal type k, in year t (tons)
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Figure 7. Coal Supply Curve (Design Capacity of 80 x 10 TPY)
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Figure 7 presents a supply curve constructed on the basis of thigycafiiézation/marginal cost curve shown
in Figure 6, and a projected capacity of 80 million tons. Mgarison of Figure 7 with Figure 6 indicates that
the two curves are the same, except that the percenilezgdion values otthe x-axis have been replaced with
the corresponding production values derived in Step 1.

Once the x-axis has been converted frggar@entage utilization to a tonnage output basis, the CPS performs
one additional step to complete the construction of the supply curve. Based on the values of the other
independent variabléscluded in the regression model, in conjunction with information from an exogenous
reserve depletion function, the submodule adjusts the position of the supply curve relative to the y-axis to
reflect projected gdogical, technological, and othemnditions in the forecast year. This adjustment, and the
rationale behind it, is discussed in the following subsection.

Step 4: Reserve Depletion, Technological Change/Labor Productivity,
and Costs of Factor Inputs

Capacity utilization can have a significant effect on short-term costs and, as discussed above, on mid-term
costs. Otheiactors, such as technology chaage reserve depletion, also can affect costs. But these effects
occur primarily in the mid- and long-term. In Step 4, the effects of reserve depletion and changes in labor
productivity andeal factoiinput costsare @ptured through vertical adjustments to the supply curve. Supply
curve adjustments due to changes in labor productivity changes and real labor and fuel costs are estimated
endogenasly. Supply curve adjustments associated with reserve depletion effects are estimated from
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exogenoufRAMC-based reserve depletion functions. The procedures used by the CPS to capture in mine
costs the effects of reserve depletion, technological change/labor productivity, and factor input costs are
discussed in this subsection.

Using the RAMC to Estimate Reserve Depletion in the CPS

Figure 8. Sample RAMC Coal Supply Curve
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The RAMC generatdsng-term annual coal supply curves. Asscussed in Chapter 3, the RAMC and NEMS
regions andccoal types are not equivalent. ThufRAMC post-processing program is used to aggregate
RAMC supply curves to the regions and coal types used b B The post-processing program is
maintained dfline, rather than included in the CPS. A typical aggregated RAMC supply curve is shown in
Figure 8. The upwardloping supply curve captures the shift from lower cost to higher cost reserves as
reserves are depleted. This relationship between mining costs and reserve depletion is used to generate a
reserve depletion function that is applie€®S supply curves (relating marginal cost to capacity utilization)

to adjust the supply curves over time to account for reserve depletion. The procedure is discussed below.

The CPSnitially determines a base yéar marginal cost for each region, mining method, and coal type using
the CPS marginal cost regression equations. In the base year calculation, capacity utilization in the CPS
marginal cost equations is set equal to 100 percent to maintain consistency W#&MBesupply curves

(which reflect mine asts formines operating at full capacity). Also, base year values for labor productivity,
labor cost, and diesel fuel case used so that tiedfect of reserve depletion will be captured exclusive of the
effects of these factors.

¥"The base year is 1990 for the AEO95 forecast.
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Next, for each gion, mining method, and coal type, the endogsrcapacity forecast from the CPS is plotted

on the corresponding RAMC curve. For example, consider the curve shown in Figure 8. Suppose that, for
a given foecast year, capiégis projected to be 3 million tons. Based on Figure 8, when production reaches

3 million tons per year, thRAMC cost estimate foproduction from the marginal mine, operating at full
capacity, is $35 per ton.

Finally, a vertical adjustment for shifting t68S spply curve is computed as the difference between the two
marginal cost estimates. Thus, the inEiRISsupply curve is shifted ward such that, at the production point
representinguil capacity utilization—e.g., 3 million tons per year in Figure 8--marginal costs are higher by
the amount ofhe computed difference. The slope of the curve remains constant; it is assumed that only the
position of the supply curve with respect to the vertical axis is affected by reserve depletion.

This procedure is repeated &ach year of the forecast jpel. Thus, increases in projected capacity over time

will shift the supply curve upward. Alternatively, if capacity declines (e.g., in response to excess capacity),
the supply curve will shift downward. Just as minerafors tend to open mines in lower-cost reserves before
developing highr-costreserves, they also tend to close mines in higher-cost reserves before they shut down
mines in lower-cost coal. Returning, for example, to Figure 8, if capaeity to drop from 2 million to 1

million tons per year, the high-cost mines represented by the third step on the curve would be closed, while
a portion of the mines on the second step (up to the 1 million ton-per-year production point) would remain
open.

The RAMC-based reserve depletion functicemain essdially static with respect to time. In converting the
reserve quantities contained in each reserve block into the annual production quantities defining the length
of each step, the RAMGsumes that the life of the new mines will be 30 years. Since the assumed mine life
exceedgshe NEMS' mid-term 25-yeaforecasting horizon, none of the new mines will fully deptatsr
reserves, and all will be able to produce at full capacity throughout the forecast period. For this reason, the
length of newmine steps remain constant throughout the forecast period. However, the length of the first
(exising) mine step must be reduced to reflect the retirement of existing mines, since these mines represent
a wide mix of operations at various stages in their lives. The exiB#MC post-processing program
produces a "decrement" file containing estimates of the reduction in existing mine production capacity by
supply region, codlpe, and mining method for each year of a 25-year period. The estimates are developed
using mine-level data aecoverable reserves and production capacity from the EIA-7A database to estimate
the remaiing life of each mine. In each forecast year, the relevant capacity reduction estimates are used by
the CPS to adjust the lengths of the existing mine steps.

Treatment of Technology Change/Labor Productivity and Costs of Factor Inputs in
the CPS

Labor productivity is used in the CPS to capture effects of technological improvements on mining costs, in
lieu of representing explicitly the cost impact of each potential, incremental technology improvement. In
generaltechnological improvements affect labor productivity as follows: (1) technological improvements
reduce the costs of capital; (2) teduiced capital costs lead to substitution of capital for labor; and (3) more
capital per miner results indreased labor pductivity. As déermined by the marginal cost regression model
developed for the CPS, increases in lglmaductivity translate into lower mining costs on a per-ton basis.
Using this @proach, exogenous estimates of labor productivity are provided to the CPS for each year of the
forecastperiod. Separate estimates are developed as inputs to the submodule for each reginimgind
method.

In the CPS, theast dfect of changes in labor productivity, from one forecast year to the next, is determined

using the marginal cost regression models for surface and underground mines. These models include labor
productivity,real labor osts, and real fuel costs, as well as capacity utilization, as independent variables. In
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each forecast year, the projected values of laloolugtivity, real labor cost, and real diesel fuel cost variables
are used to calculate the changeost€ due to changestimese factors between the base year and the forecast
year. Thiscalculation is made using the exogenous productivity forecasts along with forecasts of the factor
input costs. Following adjustment of the supplyels position to reflect reserve depletion, the supply curve

is shifted vertically by an amouetjual to the calculated cost change (since changes in wages and fuel prices
have a direct effect on mining costs).
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Part II—Coal Export Submodule
Model Documentation

1. Introduction

Statement of Purpose

The purpose of this report is to define the objectives of the modeling approach used in the Coal Export
Submodule (CES), tdescribe the basic approach, and to provide information on the model formulation and
application. The report is intended asfarence dcument for the model analysts, users, and the public. The

report conforms to requiremiss specified in Public Law 93-275ection 57(B)(1) (as amended by Public Law
94-385, Section 57.b.2).

Model Summary

The CES projects coal trade flows from 16 coal-exporting regions (5 of whidb.&reto 20importing

regions (4 of whiclare U.S.) for 4 codlypes—cokinghigh- and low-sulfur thermal coal, and subbituminous.

The model consists of supply, demand, trade and transportation constraint components. The major coal

producing coatries (United States, Australia, South Africa, Canada, and Poland) are represented, as well as
countries that could become major coal exporters (Colombia, Venezuela, and China).

Model Archival Citation and Model Contact

The version of the CES documented in this report is that archived in March 1995
Name: Coal Export Submodule

Acronym: CES

Archive Package: CES95 (Available through National Technical Information Service.)
Model Contact: Melinda Hobbs, Department of Energy, EI-822, Washington DC 20585 (202) 586-0012

Report Organization

This report describes the modeling approach uséeiCoal Export Submodule. Subsequent sections of this
report describe:

e  The model objective, input and output, and relationship to other models (Chapter 2)
e  The theoretical approach, assumptions, and other approaches (Chapter 3)
e  The model structure, including key computations and equations (Chapter 4).

An inventory of model inputs and outputs, detailed mathematical specifications, bibliography, and model
abstract are included in the Appendices.
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2. Model Purpose and Scope

Model Objectives

The objective of the CES is to provide annueddests (thraiggh 2010) of world coal trade flows. Coal supply

in the CES ismodeled through the incorporation of 4 coal types (Table 2) (unique combination of heat and
sulfur content) and 16 geographic supply reg{diable 3 and Figure 9). On the demand side, 2 coal demand
sectors (Table 4) are modeled for 20 inipgrdemand regions (Table 5 akdjure 9). The CES also provides
annual U.S. coal exportriecasts to the Codllarket Module (QMM) of the National Energy Modeling System
(NEMS).

Four key user-specified inputs are required. They include coal import demands, coal supply curves,
transportation costs, and constraints. The primary outputs are annual world coal trade flows.

Relationship to Other Modules

The model generategyienalforecasts for U.S. coal exports for use in the CMM. These export demands are
passed to the CDS which solves and returns the price to the CES.
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Figure 9. U.S. Coal Export and Import Regions

CES Coal Export/Import
Region

Corres pond ing NEMS CDS
Demand Regions

U.S. East Coast

U.S. Gulf Coast

U.S. Southwest and West
U.S. Northern Interior
U.S. Non-Contiguous

3,5,6,and 7
8,13, 16, and 17
23

1,2,9, 10,11, 14, and 18
22
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Table 2. CES Coal Supply Types

Heat Content

Sulfur Content

Corresponding NEMS

Coal Supply Type (mmBtu/short ton) (Ibs./mmBtu) CPS/CDS Coal Types
Premium Bituminous .......... >25 <0.60 PC

Low-Sulfur Bituminous ........ >20 but <25 <0.60 BC

High-Sulfur Bituminous ........ >20 >0.60 but <1.67 PD, PM, BD and BM
Subbituminous . .............. >15 but <20 <0.60 SC

Table 3. CES Coal Export Regions

Table 4. CES Coal Demand Sectors

U.S. East Coast

U.S. Gulf Coast

U.S. Southwest and West
U.S. Northern Interior
U.S. Non-Contiguous
Australia

Canada, Western
Canada, Interior
South Africa

10 Poland

11 CIS (Europe)

12 CIS (Asia)

O©CO~NOOOTA~WNPE

13 China

14 Colombia
15 Indonesia
16 Venezuela

Demand Sector

Acceptable CES Coal Types

Coking

Steam

Premium Bituminous

Premium Bituminous
Low-Sulfur Bituminous
High-Sulfur Bituminous
Subbituminous
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Table 5. CES Coal Import Regions

74

~NOoO O~ WN P

10

11

12
13

14
15

16
17

18

19

20

U.S. East Coast

U.S. Gulf Coast

U.S. Northern Interior
U.S. Non-Contiguous
Canada, Eastern
Canada, Interior
Scandinavia

UK/Ireland
Germany

Other NW Europe

Iberia

Italy
Med./E Europe

Mexico
South America

Japan
East Asia

China/Hong Kong

ASEAN

Indian sub/S Asia
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U.S. East Coast
U.S. Gulf Coast
U.S. Northern Interior
U.S. Non-Contiguous
Canada, Eastern
Canada, Interior
Denmark
Finland

Norway
Sweden

Ireland

United Kingdom
Austria
Germany
Belgium

France
Luxembourg
Netherlands
Portugal

Spain

Italy

Algeria
Bulgaria
Croatia

Egypt

Greece

Israel

Malta

Morocco
Romania
Tunisia

Turkey

Mexico
Argentina
Brazil

Chile

Japan

North Korea
South Korea
Taiwan

China

Hong Kong
Malaysia
Philippines
Thailand
Bangladesh
India

Iran

Pakistan

Sri Lanka



3. Model Rationale

Theoretical Approach

The core of the CES is a linear programgroptimization modelThis LP finds the pattern of coal production
and trade flows that minimizes the production and transportation costs of meeting a pre-specified set of
regional net import demands. It does this subject to a number of constraints:

e  Export capacity of supply regions

° Maximum share that any importing region can take from one supply region

e  Maximum share that any exporting region will sell to one importing region

e  Maximum shares of both high sulfur and subbituminous coal which each importing region can take

e  Maximum sulfur emission associated with imports for each importing region.

Fundamental Assumptions
The key assumptions underlying the CES are:

e  The coal market is competitive: In other words, no large suppliers or grouping of producers are able
to influence the price through adjusting their output. This means suppliers gain no producer surplus.
Producers' désions on hownuch and who they supply to are driven by their costs, and prices are set
by their perceptions of what the market can bear. In this situation the buyer gains the full consumer
surplus.

e  The market is always insastainablequilibrium, as suppliers adjust their capacities to exactly match
demand. This implies that there are no barriers to entry and exit.

e The world is a comparatively static one, and there are no linkages between periods: so the results of
period t are not influenced by those in period t-1, or any other past time periods.

e  Coal buyers (importing regions) will tend to spread their purchases among several suppliers in order
to reduce the impact of supply disruptiemen though this will add to their purchase costs. Similarly,
producers will choose not to rely on any one buyer, and will diversify their sales.

e  Coking coal is treated as homogeneous: This is a heroic, but a necessary assumption. There are too
many important quality parameters (fluidity, swell, expansion characteristics, volatility, ash,
phosphorus, and sulfur) and complex synergies to make a differentiated coal model workable.

e  Suppliers sell at thexme FOB price irrespiee of who theyaresupplying. In practice, suppliers often
fix different prices dep®ling on whichmarket they are selling into and whether the coal is being sold
on long term or short term basis.

e  While subbituminous coal iscluded, importing regions will not wish to rely on this unconventional
type of coal fomore that a certain portion of their needs. Ussubbituminous coal is, therefore,
constrained by the capacity of coal-fired plants that can burn it and the extent that it can be
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substituted/blended.

e SO, emission regulations are modeled in two ways. First, the share of thermal coal imports that can
be satisfied by high sulfupal can be set for each thermal coal buyer. Second, in order to capture the
effect ofbubble emission caps, an Snission allowance associated with using imported coal can be
set for each gion. Emissionare calclated on the basis of fuel sulfur levels and the share of imports
used in facilities which remove (or neutralize) sulfur.

Alternative Approaches and Reasons for Selection

A number of alternative approaches to modeling international coal trade incorporate other features, such as
dynamic linkages, the ability of major buyers and sellers to influence pricing and the effects of contracts in
locking in supply patterns. None of these are based on linear programming procedures.

The two most notable modelee EIA's own Interrtinal Coal Tradéodel (ICTM) and Resource Economics
Corporation's World Coal Trade Expert System (WOCTES).

ThelCTM, a lineaioptimization mdel and database, was designed to provide a methodology for forecasting
and analyzing the unique roletbe United States in world coal tratte. The model projects world coal trade
flows from 20 coal exporting regions of the world tae8ndind regions for 3 types of coal (metallurgical, low-
sulfur steamand high-sulfur steam). The objective function at the heart dfXfiEl solution algorithm
maximizes total producer and consumer surplus for coal traded internationally, subject to a system of linear
constraints that describe the physical, technical, and contractual relationships among the individual trade
activities representéfl. Questions have been raiskd jslanning for the National Energy Modeling System
(NEMS) over the need for an approach with such a broad scope and whether a simpler solution algorithm in
NEMS might be more desirablé.

WOCTESSs the most powerful PC-based model for examining international thermal coal trade. The model
has the capability to handle 20 supply regamms 20 demand regions. Up to four coal types can be included,

with coalsdefined by their heat content. The WOCTES model is a spatial equilibrium methodology (which
uses an advanced complementary algorithm) to determine trade patterns and prices. Coal importers look at
prices offered by alluppliers, and choose the begtdier. It is assumed that suppliers price the coal as high

as they can without driving customers away.

WOCTES allows the modaly of noncompetitive market behavior, but is invariably used in the competitive
market mode bits major users. The EIA, tlumly user of the ICTM, has produced all its long term forecasts
since 1985 otthe assumption that no suppliers or buyers exert market influence. Similarly, the major users
of WOCTES, (which includéhe United Kingdom's PowerGen and National Power, Australia's ABARE, and
the EC Commission) all generate forecasts using constrained, competitive market description.

“See Energy Information Administratidnternational Coal Trade Model: Executive Summd®E/EIA-0444(EX) (Washington,
DC, May 1984) for a description of the ICTM model itself and the underlying supply and ocean transportation models.

“*For a complete discussion of the ICTM solution see the following reports: Energy Information AdminisBatoription of the
International CoallTrade Model DOE/EI/11815-1 (Washington, DC, September 19BBjthematical Structure of the International
Coal Trade ModelDOE/NBB-0025 (Washington, DC, September 1982&grnational Coal Trade Model, Version 2, Preliminary
Description by William Orchard-Hayes (Washington, DC, June1885;International Coal Trade Model— Version 2 (ICTM-2)
User's GuidéWashington, DC, March 1987); and T&eorge Washington University, Department of Operations Res€digbpoly
Theories andthe International Coal Trade ModeBWU/IMSE/Serial T-494/84, byames E. Falland Garth P. McCormick
(Washington, DC, July 1984).

“’National Research Coundilhe National Energy Modeling Syst¢washington, DC, January 1992), p. 58.
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It is possible to examine the impacts of pamtg’ powenising a competitive market model (such as the CES)

by restricting the supply of one mrore major suppliers. This will give an indication of the impact on prices

and trade patterns. It doesn't however, throw any light on what happens to the suppliers' profits as the model
still assumes producers' supply at cost.

In terms of coal qualities and market segmentaN#@®CTES istoo restrictive, as it is designed to only
analyze the thermal coal market. It also assumes that coal buyers are indifferent between coal types. The
ICTM does differatiate between coking ancetimalcoal, with import demand being similarly differentiated.
Demand is specified separately for each coal type with no possibility of cross-supply. This is also too
restrictive, because in practice, thermal coal users are able to use coking coals.

The CES incorporates this linkage betweemtheket segmés. This isdone by allowing suppliers of coking

coal to ship to thrmal coabuyers. Suppliers of the different thermal coal grades are not, of course, allowed
to ship to cokingcoal buyers. In order to capture the effects of reduced coal washing costs in producing
thermal coal aspposed to cokingoals, CES takes a washery credit off the cost of shipping "coking coal" to
thermal coal buyers.

Neither the ICTM noWOCTES allowthe model user to analyze the impact of tightening SO emission
regulations: theCES does. This is dnput factor inCES which allowshe model user to specify both
maximum shares of high sulfur coal that each region can import as well as average sulfur levels. The latter
is generated from a sulfur emission cap associated with the use of imports and is expressed in thousands of
tons of SQ . While thesamission caps are clearly very different from the bubble emission caps which most
European countries have adopted, they do provide a waprefsenting different approaches to,SO emission
regulation onrnported coal in various regions. Furthermore, they allow the user to explore the impact of
tightening emissions standards on the exports of coal with different sulfur contents.

Energy Information Administration/ Model Documentation: Coal Market Module 77



4. Model Structure

The CES model is specified as a Linear Program (LP), which satisfies demands at all points at the minimum
overall "world" coal cost plus transportation cost (Figure 10). From the output of the model it is possible to
determine an optimum pattern of supply.

Figure 10. Overview of the CES System
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Means a conversion from tons to tons of coal equivalent.

The geographical representation of the "world" is a set of coal export regions and coal import regions. Each
coal export region has a quantity of coal available for export, in which this amount available is price
dependent. The cost associated with each quantity of coal available for export is inclusivenofing.)

costs; (2) representative coal @egioncosts, which vary according to export region, coal type, and end-use
market; and (3inland transportation costs. This model is driven by fixed (input) coal demands that must be
satisfied at the minimum overall cost.
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Main Subroutines

The functions of the subroutines in the Coal Export Submodule (CES) are described below.

CEX Main controlling subroutine for the CES.
PurposeCEX is the driver subroutine for tleES. It uses a FORTRAN code controlling structure,

NEMS integrating model common variables, and CESiaterariables to set up and process
the CES LP and to update NEMS variables based on an optimal LP solution.

Equations: None.

CRMATRIX  Create CES LP Matrix.

PurposeCreates the rows andlumns for the CES matrix for the firggiation in the first NEMS year.
Allocates computer memory and calls (AML subroutineWFOPT toobtain an optimal
solution.

Equations: Converts input supply in metric tons to metric tons of coal equivalent:

UBND = CAPYR*CV/12.6

where

CAPYR = coal capacity on each supply step
Ccv = Btu conversion for each supply step

The factor 12.6 is Btu/lb in a metric ton of coal equivalent.

Converts costs from 1992 dollars to 1987 dollars in metric tons of coal equivalent:
FLOWCOST = ((FREIGHT*FOBYR*12.6)/CV)/1.208

where

FREIGHT =shipping cost
FOBYR = cost of coal on each supply step

The factor 1.208 is the GNP deflator.

TSTRET Transfer CES solution values to the Coal Distribution Submodule (CDS)
PurposeSupplies coal import and export quantities and prices to the CDS.

Equations: Converts million metric tons of coal equivalent to trillion Btu's to pass to the CDS
submodule using 27.7782 as the conversion factor.
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RDMATRIX Reads data from flat files for matrix coefficients of CES.

PurposeReads freight rates, export capacities, demands, diversity shares,conversion factors, and
sulfur content for each coal type.

Equations: None.

REVISE Revise CES matrix coefficients and optimize

PurposeRetrieves coal quantities and prices determined by the latest iteration of the CDS. Revises
the CES and obtains a new optimal solution.

Equations: Converts input supply in metric tons to metric tons of coal equivalent:
UBND = CAPYR*CV/12.6
where

CAPYR = coal capacity on each supply step
Ccv = Btu conversion for each supply step

The factor 12.6 is Btu/lb in a metric ton of coal equivalent.

Converts costs from 1992 dollars to 1987 dollars in metric tons of coal equivalent:
FLOWCOST = ((FREIGHT*FOBYR*12.6)/CV)/1.208

where

FREIGHT =shipping cost
FOBYR = cost of coal on each supply step

The factor 1.208 is the GNP deflator.

CEXRPT Produce reports for the CES

PurposeExtracts solution values for quantities and prices fromgtimal CES solution and produces
formatted reports.

Equations: Converts million metric tons obal equivalent to million short tons using 13.888 as the
conversion factor.
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Part IIl—Coal Distribution Submodule
Model Documentation

1. Introduction

Statement of Purpose

The purpose of this section is to defihe objectives of the modeling approach used in the Coal Distribution
Submodule (CDS), to desbe the basic approach, and to provide information on the model formulation and
application. The report is intended as a reference document for model analysts, users, and the public. The
report conforms to the requirente speified in Public Law 93-275, Section 57(B)(1) (as amended by Public

Law 94-385, Section 57.b.2.

Model Summary

The CDS forecsts coal distribution from 16 United States coal supgipres to 23 domestic demand regions.

The model consists of a two part solution algorithm with constraints representing environmental, technical
and service/reliability constraints on delied coaprice minimization by consumers. Coal supply curves are
input from theCPS, another submodule of the Coal Market Module, while coal demands are received from
the Residential, Gomercial, hdustrial and Electric Beer components of NEMS, with export demands being
provided by the Coal Export Submodule, another component of the NEMS Coal Market Module.

Model Archival Citation and Model Contact

The version of the CDS documented in this report is that archived in March 1995.

Name: Coal Distribution Submodule

Acronym: CDS

Archive Package: CDS95 (Available through the National Technical Information Service).

Model Contact: Richard Newcombe, Department of Energy, EI-822, Washington, DC 20585
(202) 586-2415

Report Organization

This section describes the modeling approach used in the Coal Export Submodule. Subsequent sections of
this report describe:

e The model purpose and scope, its classification structures (including the coal typology adopted, model
supply and demand regions and demand sectors and sub-sectors), model inputs and outputs, and
relationship to other NEMS modules and Coal Market Module submodules (Chapter 2)

e The theoretical approach, assumptions, major constraints, and other key features (Chapter 3)
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The structure of the model, including an outline of the CDS computational sequence and input/output
flows; a listing of the key computations and equations in the CDS (Chapter 4).

Six appendices to the text of this section contain:

104

A listing of input data, variable and parameter definitions, model output, and its location in reports
(Appendix A)

A detailed mathematical description of the model (Appendix B)

A bibliography oftechnical references for the model structure and the economic systems modeled
(Appendix C)

A model abstract (Appendix D)
A discussion of data quality and estimation for model inputs (Appendix E).

A description of CDS program availability (Appendix F).
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2. Model Purpose and Scope

Model Objectives

The purpose othe CDS is toprovide annual forecasts (through 2010) of coal production and distribution
within the Uhited States. Coal supply in tlDS ismodeled using a typology of 28 coal types (discrete
categories of heat and sulfur content), 16 supply regioth®3 demand regions. Exogenously generated coal
demands within the demand regions are subdivided into 5 economic sectors and 23 economic sub-sectors.
Coal transportation is modeled using sector-specific arrays of interregional transportation prices. Demands
are met by supplies representing the least dollar per million Btu delivered coddlisfrimition of coal is
constrained by environmental, technical, and service/reliabitityriacharacteristic of domestic coal markets.

The design of the CDS was guided by NEMS planning docurtexitéfluenced the functions to be included

and the content of the sub-module's classificatinrctures® Comments by the National Research Council's
Committee on the National Energy Modeling Systistermined the general design philosophy: "The current

EIA model is extremely detailed, far more so than would be appropriate for NEMS. One priority for NEMS
development would be a greater simplification of this model to use in general forecasting and analysis. The
simple model would then be used in NEMS. Detailed analyses of coal issues should probably be conducted
outside the NEMS>®

EIA may not have the resmes to mentain both adedicated NEMS model (the simple model), and a detailed
model to be used for exogenous analyses. Past policy studies emphasized possible shifts in coal demand,
supply, and distribution thateresignificant at the national level. Classification structures in the CDS are
therefore Bnpler than those in previolA coal distribution models. However, models used to analyze
impacts of nationalglicy initiatives are often required to provide regional and technical detail. The CDS is
designed to have the capacity to address the effects of issues related to coal mining, transportation, and the
environment together with associated tax, regulatory, and social impacts at the State and sub-state level for
important coal producing States.

An important design objective for tligDS was tgrovide a simple modelling platform that can be rapidly
adapted to model policy problemst all of which may be currently foreseeable. Incorporation of particular
theoretical points-of-view that transcend the fundamental characteristics of the systems modeled was
deliberately avoided. The general design strategy for the CDS can be summarized as follows:

e Start with EA's coaldistribution model from thdFFS modeling system, the Coal Supply and
Transportation Model (CSTM)

¢ Reduce classification detail to the minimum needesinailate present and potentially important supply
and demand patterns and transport routes

e Atthe same time, mimize the computational complexity of modeh€tions, thus reducing maintenance
requirements and scenario turnaround time while making the model easier to understand

“Energy Information Administration: EIA Working Group, "Requirements for a National Energy Modeling System" (July 2, 1990),
pp. 7, 14, 15. Office of Integrated Analysis and Forecasting: "Draft Sigteign for The National Energy Modeling System" (January
16, 1991), pp. 3,11; "Working Papeediirements for a National Energy System (Draft)" (November 22, 1991), pp. 8, 17; "Working
Paper: Requirements for A National Energy Modeling System" (Decemd&ra), pp. 7, 15, 17; "Development Plan for The NEMS"
(February 10, 1992), pp. 8, 50, 51.

**National Research Council, Committee on the National Energy Modeling System, Energy Engineering Board, Commission on
Engineering and Technical Systems, "The National Energy Modeling System" (Washington, DC, January 1972), p. 58.
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e Design model structure to make maximuse of the limited existing EIA data resources as model input
and calibration factors (to enhance the transparency of model operation and maximize the consistency
of output with EIA data sources).

Classification Plan

The CDS contains four major structural elements that define the geographic and technical scale of its
simulation of coal distribution. First is the typology that represents the significant variation in the heat and

sulfur content of coal. The geographic regionalization of coal supply and demand comprise two more. The
classification of demand into economic subsectors constitutes the fourth classification element. Each is
discussed in turn below.

Coal Typology

The CDS coal typologgontains 4 sulfur and 4 thermal grades of coal with surface and underground mining
to produce a 32-type framework. Since lignite is not mined by underground methods, this categorization is
reduced to the 28 coal typgsown in Figure 11. In this figure, thermal rank categories are shown in million
Btu per short ton, whilthe sulfur categories are shown in pounds of sulfur per million Btu. This figure also
contains isolines for coallfur levels of 1 and 2 percent sulfur by weight. Thermal rank categories separate
coals with limited substitution potential in current end use technologies. sulfur categories represent
boundariegcross which substitution is regulatorily limited. When this typology is applied to coal reserves
in the 16 supply regions (see below) 202 supply curves result.

Coal Supply and Demand Regions

The 16 coal supplyegions selected for tHeDS provide 2 regions each for the three most important coal
mining States (Wyoming, West Virginia, and Kentucky). This level of defaisigied by marked differences

in available coal quality and typical mining costs in all three States, and by substantial differences in
transportation costs between the subregions in Kentucky and Wyoming (Figure 12, Takie &ypical

sulfur content of coal produced also differs between the subregions in Kentucky and West Virginia. Most
topical coal policy studies have required modehparisons of policy impacts involving sub-regions of these

three States. These three States accounted for 51 percent of the coal mined in the United States during the
1989 - 1991 period.

The remaing coal mining States have been aggregated into 10 supply rbgiet on their relative location,
importance to national production, typical coal quality,teautisportation access. The supply region structure
also provides anqual amount of regional detail to eastern and western coalfields. These regions have been
chosen to facilitate studies of competition between major coal carrying railroads as well as competition
between competing transport modes. Some smallangirgdareas have been given supply region status due

to their isolation from national markets and unusual transportation costs (the Pacific Northwest, Alaska); or
because of their unique production costs and/or statusimgegnendent sub-market for locally produced coal
(Alabama).
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Figure 11. CDS Coal Typology
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The CDS demand regioase dso the product of multiple reqemeants. The CDS must provide delivered coal

cost and quality to the EMM for its use in formulating coal demand in the electric power generation sector.
Currently the domestic electric utility market share of tot&. coalreceipts exceeds 75 percent; the CDS
demand regions were therefore defined to provide a close approximation of the EMM's North American
Electricity Reliability Council(NERC) regions. Region&loundaries also were definedawoid splitting

states, and to provide single state demand regions for states which are major or potential coal producers, or
are important because of the size or special nature of their energy demands.

The CDS musalso provide delivered costs, quantity and quality datalfaconomic sectors to the NEMS
integratingmodule by Census division. This is achieved by definifgD& demandegion for each
geographic entityepresenting a unique combination of Census division and NERC region identities. There
are 29such geographical entities, butv@re mergednto other regions since they contained insignificant
demand potential. THeDS must also report tidewater costs, quality, and tonnages for coal exports. This is
acconplished in the CES bgggregating the CDS Demand Regions that contain U.S. ports-of-exit into the 5
CES supply regions for U.S. coakdat LakesAtlantic, Gulf of Mexico, Pacific, and Alaska (Table 7, Figure
13).
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S Figure 12. CDS Coal Supply Regions




Table 6. CDS Coal Supply Regions, 1992, 1993, and 1994 Production
(Million Short Tons)

Production
Average
Region Content 1992 1993 1994 (Percent)
North Appalachia
1 PO ............ PA, MD, OH 102.7 91.9 101.1 9.9
2 NV .. North WV 50.0 33.8 46.5 4.3
South Appalachia
3 SV ... South WV 112.2 96.7 110.4 10.7
4 EK ............ East KY 119.4 120.2 122.2 12.2
5 VT ... ..., VA, TN 46.5 42.4 42.2 4.4
6 AL ............ AL 25.8 24.8 231 25
Interior
7 WK ............ West KY 41.7 36.1 36.5 3.8
S | IL, IN 90.3 70.4 85.3 8.3
9 WI............. AR, IA, KS, MO, OK 5.3 3.0 2.7 0.4
10 TL.......ooo.e. TX, LA 58.3 57.7 58.3 5.9
North Great Plains
11 MD ............ ND, SD, MT 70.6 67.9 75.3 7.2
12 EW ............ East WY 168.3 191.9 210.4 19.2
13 WW ... West WY 21.9 18.3 21.0 2.1
Other West
14 OW............ AZ, NM, CO, UT 77.6 84.2 89.1 8.4
15 PC ............ WA, OR, CA 5.4 4.7 4.9 0.5
Noncontiguous
16 NC ............ AK 15 1.6 15 0.1
United States  ........ Total 997.5 945.4 1030.5 100.0

Coal Demand Sectors and Subsectors

The CDS treats coal demand in five economitose@nd 23 subsectors (Table 8). The broad NEMS demand
sectors are: R@ential, @mmercial, Industrial, Export, Synfuels and Electricity. The need for an expanded
list of subsectors in the CDS stems from technical and regulatorseraguits for different types of coals with
different geographical availability and prices; it is the economic and geographic expression of the chemical
heterogeneity ofoal and the engineering requirements of specialized end-use technologies. A less detailed
sectoral structure would srely impair the CDS's ability to correctly model the sources and delivered prices
of coal supplied to the broadEMS sectorssince such demands are often supplied by different types of
coals from a half-dozen or more supply regions.
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Table 7. NEMS Coal Distribution Module Demand Regions: 1993 Coal Consumption and
Exports (Million Short Tons)

CDSs Census States Consumption and Exports
Region Region Included Millions of short tons
1 NE New England ME, NH, VT, MA, CT, RI 6.52
2 NY Middle Atlantic NY 11.98
3 PJ Middle Atlantic PA, NJ 58.70
4 WV South Atlantic wv 32.05
5 DV South Atlantic MD, DE, DC 20.12
6 SA South Atlantic VA, NC, SC 90.17
7 GA South Atlantic GA 27.08
8 FL South Atlantic FL, PR, USVI 26.43
9 M East North Central Mi 32.83
10 Ol East North Central OH, IN 127.16
11 1w East North Central IL, WI 59.03
12 KY East South Central KY 39.10
13 ES East South Central AL, MS, TN 71.19
14 MP West North Central MN, ND, SD, NE, IA 80.31
15 MK West North Central MO, KS 40.77
16 SP West South Central OK, AR, LA 53.69
17 TX West South Central TX 97.02
18 MT Mountain MT 9.25
19 Wy Mountain wy 26.08
20 SwW Mountain CO, AZ, NM 51.07
21 UN Mountain UT, ID, NV 24.18
22 PC Pacific WA, OR, AK, HI 9.81
23 CA Pacific CA 5.81
Total 1000.35

The subsectoral detail in the residential, commercial and industrial sectors stems primarily from technical
requirements of end-use technologies, and is thus specific to the CDS. Because residential and commercial
coal consumption, taken together, constitute less than 1 percent of total demand, they are treated as a single
composite dmand sector in NEMS coal modeling. Industrial demands are, on the other hand, treated as two
groups of demands, those for steam coal and those for metallurgical coals.

Industrialsteam coal demand is further subdivided into three sub-sectors @btBe "Stoker'industrial

steam coals are shipped to older industrial boilers, generally exempt from seriously constraining emissions
regulation, but which require—for technical reasons—coal fuels with relatively low ash and high thermal
energy content"PVC," or pulverized coal boilers can accept lower quality coals in terms of ash and Btu
content, but e—on the average—newer and larger than "stoker" boilers, and are thus often subject to
regulatory restrictions on sulfur oxide emissions. "Other Technology" industrial demands represent a wide
range of specialized technologies ranging from new coal-fired fluidized-bed steam boilers through Portland
cement kilns to anthracite coals used as a sewage filtration medium. This last group of demands is
heterogeneous but quantitativetyaller than the other industrial steam sub-sectors in most demand regions,
and is distinguished in order to permit analytical focus on the "Stoker" and "PVC" sub-sectors. The use of
threesubsectors also allows a more detailed representation of iakdsigtam coal distribution patterns, which

are as complex as the pattern of electricity coal demand and supply.
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Table 8. Demand Sectors in the NEMS Coal Distribution Module

Number Sector Name
1o Residential/Commercial
2 Industrial, Stoker
G Industrial, Pulverized Coal Boiler
4 Industrial, Other
L Premium Coking
B Blending Coking
7 Export Premium
8 Export Low Sulfur Steam
O Export High Sulfur Steam

10 o Utility Bituminous, Compliance Sulfur

11 Utility Bituminous, Low-Medium Sulfur

12 Utility Bituminous, High-Medium Sulfur

18 Utility Bituminous, High Sulfur

14 Utility Subbituminous, Compliance Sulfur
15 Utility Subbituminous, Low-Medium Sulfur
16 . Utility Subbituminous, High-Medium Sulfur
17 Utility Subbituminous, High Sulfur

18 Utility Lignite, Compliance Sulfur

19 Utility Lignite, Low-Medium Sulfur

20 . Utility Lignite, High-Medium Sulfur

21 Utility Lignite, High Sulfur

22 e Existing Electric Utility Contracts

23 Synfuels from Coal

Industrial coking dmand is simulated in two subsectors in the CDS. These represent, respectively, premium
coking coals (modeled as low and medium volatile bituminous coals with a sulfur content of less than 1.25
percent, and high volatile bituminous blendstocks. Low and medium volatile bituminous coal supplies are
foundonly on the eastern side of Appalachian coalfields and in limited areas of the Rocky Mountain states,
while high volatile bituminous coals with suitable characteristics for coke blends are widely distributed. If
only a single subsector were used, the model would be unable to simulate the willingness of cokemakers to
pay higher prices for premium coking coals.

The CDS contains a singleyently unused subsector reserved for synthetic fuel production. Synthetic fuel
processes aiesensitive to @al sulfur content (since desulfurization is a part of the conversion process), but
highly sensitive to coal rank. They are also sensitive to fuel costs, waste disposal costs, process water
availability, and product transport costs. Capital costs and fuel costs are such that no unsubsidized
commercial scale coal synfuel plant is likely to be built without contractually guaranteed markets and coal
supplies. ltis, therefore, efficient to treat synfuel coal supplies, when operationaliZé¢BNtS, as
predetermined contractual links between supply sources and demand locations. This practice eliminates the
need to provide further sectoral detail dedicated to synthetic fuel feedstocks.

The three subsectors used for export coals are established in much the same way as the industrial sectors.
American coaleports tend to be among the megpensive in international markets, even on a $/million Btu
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basis, but are bought because of their high quality, reliable availability, and historical role as a method of
balancing foeign trade accounts. The United States is a major world source in the declining market for
premium coking coals (which have the same characteristics as premium coking coals in domestic markets).
The other export subsectors are for low and high sulfur steam coals, which require specjahlityal
definitions different from domestic steam coals.

Disaggregation of electricity demand into subsectors is required by the EMM's treatment of electricity coal
demand, which reflectsoth technical and regulatory ré@uments that must be economically balanced in that
model to realistically portray coal demand in response to emission requirements and the relative economics
of different coal and noncoal fuels. Electricity coal demand is partitioned into demand for bituminous,
subbtuminous, and lignite coals. For technical reasons, substantial safety risks, losses in combustion
efficiency andooiler ceratingare asociated withthe use of coals with ranks other than that for which a boiler

was originally designed. Within these three coal rank categories, separate sub-sectors are established in the
CDS for each of the four coal sulfur levels modeled. To the 12 electricity demand subsectors thus defined,
one more must be added to handle existing electric utility contracts.

In summary, the CDSbatains a single resideaticommercial sector, 3 industrial steam coal demand sectors,
2 domestiaccoking coal sectors, 3 export sectors, a synfuel sector, an electric utility contract sector and 12
noncontract electricity demand sectors, making 23 in all.

Relationship to Other NEMS Modules

The CDS relates tother NEMS components as the primary iterating unit of the Coal Market Module,
recaving demands from other noncaalbdules and sending delivered coal costs, Btu contents, and tonnages
framed ininter-regional coal distribtion patterns specific to the individual NEMS economic sectors. Within
the Coal MarkeModule (CMM), the CDS interacts with other CMM components in two ways. First, in the
first iteration of each annual forecast, (BBS receives piecewise-linear capacity curves from the CPS and
coal demand projections from othdEMS modules. The&CDS projects a regional distribution of future
capacity requirements based on the projection of future demands. The future estimates of coal capacity are
transferred to the CPS. $ed, the CDSeceives supply curves from the CPS and coal export demands from
the CES, while sending export supply quantdied port-of-exit prices to the CES. Price and quantity output
describing the CMM's simulation of domestic coal production, distribution and exports by economic sector
is sent to the NEMS integrating modulBhese outputs include: (1) minemouth, transportation and delivered
prices; (2) regional/sectoral coal supplies in trillion Btu and millions of tons by coal thermal energy content
and sulfur content categori¢8) energy conversion factors (million Btu per short ton) and sulfur values (Ibs
Sulfur per million Btu) plus delivered coal prices at all destinations for all coal supply curves for which the
Electricity Market Module has establishedrdands. This lasategory of output is provided to the Electricity
Market Module during its integrated iteration with the CMM. The CDS relates to other CMM components
(and the Electricityvarket Module, when operating in the integrated mode) using its own set of 23 domestic
demand regions, but aggregatesiadil outputs to the NEMS integrating model into the 9 Census Divisions,
which are a superset of the CDS demand regions.

CDS Input Requirements from NEMS

The CDSobtains electricity sector coal demand by forecast year and estimates of future coal demand in
subgquent years from the Electricity Market Module (EMM) for each of the 23 CDS demand regions. The
electric power demands are disaggregated into the@3 demandegion set in 12 coal rank and sulfur
categories by the Electricitarket Module (BMM). The CDS receivesnaualU.S. coal export demands from
CMM's Coal Export Submodule (CES). These demands represent premium metallurgical demand, and low
and high sulfur sam coal denmails. Export dmands are also disaggregated, but only to the 18 CDS demand
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regions that contain port§-exit. This regionaltsucture will allow the CDS to forecast domestic mining and
transpotation costs to terminals in different regions of the U.S., for exports to overseas markets in northern
and southern Europe, South America, the Pacific Rim of Asia, and Canada.

Residentialcommercial, industrial steam and coking coal demands, specified for each of the nine Census
divisions,are received from the Bidential, Conmercialand Industrial Demand modules, respectively. Coal,
once an important transportation fuel, is mestricted to use in a handful of steam engines pulling excursion
rides. Therefore, there is no transportation sector in the CDS.

Coal supply curves enabling tl¥DS to compute minemouth prices are received from the Coal Production
Submodule€PS). Minerouth prices for&ch supply curve are also strongly influenced by estimates of coal
production capacity generated by tBES. The CDSolutions determine actual production quantities and
supply sources in the Coal Market Module, and this data is used in the CPS to decrement the supply curves
by the amount of coal reserves depleted through mining each year. This procedure prevents the CDS from
repeatedly "mining" the lowest cost coal repréed by the left-most segments of each supply curve. As coal

is "produced” in theCDS, reserves amxhausted, and new demand must be met by opening new mines.
Separate piecase-linear capacity curves also are passed by the CPS to the CDS during the first iteration of
each forecast year. The CBSlutions determine the projected regional distribution of future coal mine
capacity requirements based on expectations of future utility and nonutility demands.

The transition from €nsus divisions to the more detailed CDS demand regions is accomplished using static
demand shares specific to theslRential/Commercial, Industrial Steam and Industrial Metallurgical sectors.
These shares anpdated annuig and are found in the CDS input files. The demand for U.S. coal exports is
received from the CES anddisaggregated into the CD8mdand region set by static shares found in the CES.
Coal demands by coal rank and sulfur type are received from the EMM and are disaggregated into the CDS
demand region set by shares located in the EMM.

Other CDS inputs include transportation ratesadadtric utility coal contracts (both discussed in Chapter 3),

a parameters file which includes regional and sectoral indices and labels, as well as parameters used to
calibrate minemouth prices and transportation rates. araepteinput file also contains the parameters that

are used to dime "coal groups"—groups of coal types that limit the coal Btu and sulfur categories that may

be used to satisfy demand in different subsectors. The parameter input file also serves to store the Btu and
sulfur values that define the quality of coal on each supply curve, and the import supply file.

The supply of coal imports tbhe United States for each forecast year is prepared as an input file to the CDS.
Coal imports areot priced in the CDS due to the substd and varying uncertainties associated with import
dependence (the magnitude of which is usually seen as varying significantly with the particular national
import source). If domestic coal market prices were the primary standard by which the acceptability of
imports were judged, coal imports would be at a substantially higher level than they have currently reached
or are forecast to reachhi$exogenous import forecast is specified by economic sector and subtracted from
sectoral demand totals in each relevant demand region prior to the operation of the Coal Distribution
Submodule's solution algorithm.

CDS Output Requirements for Other NEMS Components

The CDS provides the least cost delivered prices for each coal type in each CDS region to the EMM. These
prices allonthe EMM to determine the comparative advantage of coal in relation to that of other fuels. The
CDsS, after redeing these demands, supplies them with the least cost available coal supplies and reports the
resulting distributiorpattern, production tonnages and minemouth, transport, and delivered prices to NEMS
for the electricity generation sector after aggregating the output to the Census division level.
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Similarly, the CDS provides deéved prices andolumesfor coal supplied to the residential, commercial and
industrial sectors by Census division. Prices and volumes are reported by regional origin and Btu/sulfur
content. Thesquantities are reported to the residential, commercial and industrial models via the NEMS
integrating module. The CDS can provide export coal quardtiigé$.a.s. port-of-exit prices by export supply
region and coal sulfur/Btu content to the CEShe CDS will not compute overseas delivered prices for coal
exports and, therefore, does not require additional demand regions to represent foreign destinations.

Finally, theCDS provides projections of coal mine capacity requirements for each coal type on each CDS
region. The least-cost cqaoduction capacities needed to meet projected demands are provided to the CPS
by CDS region, mine type, and coal type.

The CDS output falls into two categories:

e Outputs produced speicidlly for the NEMS system, characteristically in aggregate form and presented
in tables that span the 20-year forecast period. These reports are primarily designed to meet the output
requirements of thAnnual Energy Outlooknd itsSupplement

e Detailed reports produced in a set for a single forecast year. These reports comprise a set of 43 single-
year rgorts detailing sectoral demands received, regional and national coal distribution patterns,
transportation costs, and detailed reporting of regional and supply curves-specific production. Any or
all of these reports can be run for any year in the model forecast horizon. These reports are designed to
meet requirements for detailed output on special topics, and for diagnostic and calibration purposes.

A more detailed discussion of CDS output reports is provided in Appendix A.

®IF.a.s. prices, literally, "free alongside ship", mean that these prices include all charges incurred in U.S. territory except loading
on board marine transport. This meaning is generally observed even when, as in the case of some exports to Mexico and Canada,
they do not literally leave by water transport.
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3. Model Rationale

Theoretical Approach

The rationale for the CDS is derivedaditly from fundarantal characteristics of domestic coal markets. Coal
production occurs in ov@50 counties in 27 States. Coal deposits are widespread, occurring in 39 of the 50
States; it is the Nation's most abundant nonrenewablee@irce. The coal supply industry, while currently
involved in a phase of consolidation, still has nearly 3,000 mines controlled by 1,000 parent companies.

Coal demand occurs in over 600 counties in 49 States; domestic coal consumption takes place at over 1,600
identifiable locations, and is dominated by the coal consumption of over 200 electric power utilities at over
400 dfferent locgéions - about 80 percent of U.S. coal demand. Each year, coal is transported from mines to
consumers over at leadt0,000 individual transportation routes. Subject to certain constraints peculiar to its
industrial organization, the behavior of the coal industry is demand driven and highly competitive. Coal is
transported bynost of the Nation's major railroads, over the inland waterway system by barge and towboat,
along the costs and over the Great Lakes by collier, and overland by truck, pipeline, and conveyer. Coal
transportation, whiléar from pefectly competitive in all cases, is a competitive industry when viewed at the
national scale.

Given this oerall picture, it is appropriate to model coal distribution with the central assumption that markets
are dominated by the power of somers acting to minimize the cost of coal supplies. Since the late 1950's,
coal supply and distribution has been model#d thiis central assumption, using linear programming and/or
heuristic solution algorithms that determine the least cost pattern of supply to meet national demand.

The CDS is a partial equilibrium model that employs an exact shortest path algorithm to determine the least
cost sotce of supply for each sectoral/regional demand, and a heuristic equilibrium algorithm to determine
the least cost combination of supplyszes to meet overall national coal demand. The enormously detailed
historical pattern ofoal production, transportation, and consumption is simplified in the CDS as consisting

of between 600 and 800 annual demands (the exact number depends on the forecast year and scenario
modeled) satisfied from up to 202 coal supply curves.

Constraints Limiting the Theoretical Approach
The picture of a highly competitive coal mining industry serving consumers with significant market power
is correct, but substantially incomplete. It fails to show powerful constraints on consumer minimization of
delivered coal costs that transform the observed behavior of the industry. These constraints can be
categorized:

e Environmental constraints

e Technological constraints

e Transportation constraints

e Reliability constraints.

Environmental regulation and technological infiity combine to restrict the types of coal that can be used
economicly to meet many coal demands, thus reducing the consumer's range of choice. Supply reliability

and local limits on transportation competition combine to severely restrict where, in what quantity, and for
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how long a technically and environmentabceptableoal may be available. The synergistic action of these
constaints produces a pattern of coal distribution which, at first analysis, shows little similarity to
unconstrainedlelivered cost minimization. The CDS's approach to modeling these constraints cannot be
judged without comprehension of these constraints.

Environmental Constraints in the CDS

The simplest constraints on coal markets, from the modeler's perspective, are due to environmental
regulations. Historically, these constraints haygoised regulatory limits on the sulfur oxide emissions from

coal consumption. CGrently, inerest is focused on the electricity generation industry's response to the Clean
Air Act Amendments of 1990CAAA) as they unfold for Phase | (1995) and Phase Il (2000). The CDS coal
typology provides four categories of coal sulfur content dinatmatched to the regulatory requirements of
CAAA Phase | and Phadé The CDSincorporates environmental constraints on coal use by limiting
acceptable coal supplies to those within appropriate sulfur categories. Most of the 16 supply regions in the
CDS contain coals with a variety of sulftontents; however, the range of choice is restricted by these limits.

These restrictions are applied using slightly different methods for the electric power generation sectors and
the noneletric power sectors. In the former, demand is subdivided into 12 subsectors, each of which
representsamand for a particular coal rank/sulfur level category. In each model iteration, the CDS supplies
the EMM with least cost dekéved price for coal in eactubsector, and the Electricity Market Module (EMM)
determines the appropriate mix of demands based on regulatory and technological costs. In the EMM, these
calculationsare a sub-part of the problem of determining the most economical electric power generation
technology and fuel from the entire range of fossil, nuclear, and renewable fuel technologies.

In the nonelectripower generation subsectors, a blend of domestic environmental and technical constraints
(with their foreigmnmarket guivalents for coal exports) combine to restrict choices. For coal export markets,
different sulfur categories of demand are determined in the Coal Export Submodule, and transmitted to the
CDS for determination of least cost supply sources. In the domestic, industrial, and residential/commercial
sectors, demand is received from other NEMS components in aggregated form and is subdivided into sulfur
categories within the CDS using a conaef¢rred to as "coal groups.” Each of these "coal groups" specifies
one or more of the members of the CMM ctgdology that may be used to fill the specified demand,
depending on its subsectosaid regional identity. In the industrial sector, for example, demand is specified

in each CDS demarm@gion as belonging to one of five subsectors: premium metallurgical coal, blending
metallurgical coal, industrialesim coal fostoker boilers, steam coal for pulverized coal boilers, and coal for

all other industrial applications.

Technological Constraints in the CDS

Technological costraints restrict the suitability of coals in different end uses. Coal deposits are chemically
and physically heterogeneous; end use technologies are engineered for optimal performance using coals of
limited chemical and physical variability. The use of coals with sub-optimal characteristics carries with it
penalties in operating efficiency, maintenance cost, and system reliability. Such penalties range from the
economicallytrivial to the prohibitive, and must be balanced against any savings from the use of less
expensive coal.

Every element found in nature exists in cal. The chemical and physical content of coal reserves varies
widely from place to place, and from seam to seam, at any given location. The impaehtattive

®2valkovic, Vlado,Trace Elements in CogBoca Raton, FL: CRC Press, 1983).
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differences between characteristics of different coal beds in different coalfields can be altered by selective
mining (to exclude undesirable ash amals), coal preparation (to furthemhance the quality of coal products)

and blending of different coals. The degree of qualitative improvement that is economically feasible varies
widely from seam to seam and from minerime, even where identical beneficiation methods are identically
applied. Given the essentially atomistic nature of the coal industry and the physical and chemical diversity
of coal products available, the decisionmaking cost associated with continuous attempts to optimize the
delivered cost of coal with acceptable chemical, physical, and environmental/regulatory characteristics can
be significant.

Precise modeling of the technological and enviemal constraints on coal cost minimization would require

an enormously detailed model, using large quantities of engineering data that are not in the public domain.
A simplified approach is adequate for most public policy analyses, and is mandated by data availability
constraints. Ifs, however, important that ti&DS should preserve a flexible method for modeling these
constraints, for it is likely that environmentahcerns related to coal consumption may extend beyond sulfur
and carbonoxide emissions to include, for example, heavy metal emissions (gaseous emissions from
combustion ancelchates from ashsposal). Technological constraints on coal choice are simply addressed

in the CDS by subdividingectoral demands into subsectoral detail representing the more important end-use
technologies, and by then restricting supplighése subsectors to one or more of the CMM coal types using
the "coal group” definitions.

It is sometimes necessary to restrict regional demands to specific coal sources. In the case of demands for
lignite, which contains thiewest heat content per ton of the coals modeled in the CMM, transportation over
any significant distanaereates théouble risk of significant Btu loss and spontaneous combustion as lignite
oxidizes raidly upon exposure to air. Additionally, lignite oxidation is accompanied by crumbling, so that
handling and open-air storage produces a high proportion of unusable dust. For these reasons, lignite must
be consumed at the minemotth. tHe CDS, lignite demands are restricted to demand regions coterminous
with lignite supply regions. In other cases, the use of "coal groups" is not restrictive enough to solely
determine coal supply sources.

Transportation Cost Constraints

Minimization of delivered coal costs may be constrained by the market power of railroads, the dominant
transport mode. Railroad rates éomal have historically reflected substantial market power in many regions;
they still may in most athe northeastern United States and in areas throughout the Nation where alternative
coal sources and/or multiple common carriers are lacking. Coal consumption facilities have a typical
economic life of from 25 to 50ears; once built thegre immovale; the resulting price inelasticity of demand
often enables a coal carrier to extract economic rents.

Nationwide, shipping costs for comtt déiveries to electric utilities represented 29 percent of delivered costs

in 1984 and only 25 percent in 1987, but amounted to 40 percent of delivered costs to utilities in the South
in 1987, and half of delivered costs in the Wést. In some current cases, transport costs have exceeded 80
percent of delivered costs. Railroads, which carry 55-60 percent of all coal, historically evolved with the

BExceptions exist where small quantities are mined for nonfuel use or transported in air-tight containers. Some Arkansas and
California lignites have been mined as a source of montan wax, an ingredient in shoe polish.

*Energy Information Administratiof,rends in Contract Coal Transportatioh979-1987 DOE/EIA-0549 (Washington, DC,
September 1991), p. ix.

**In 1990 Georgia Power purchased over ilomshort tons of Wyoming coal at a delivered cost of $26.48 per short ton, of which
the reported minemouth cost at the Caballo Rojo mine in Wyoming was $4.00 per short ton, or 15.1 percent.
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coal industry, since labads were the major consumers of coal from the mid-19th to the mid-20th c&ntury.
Coal-hauling railroads have antery of experience in coal shipment. Their knowledge of regional variation

in coal quality and the economic geography of reserves and market areas is unsurpassed. At sites close to
navigablewater, competition may be enhanced by barge or intermodal transportation routes. Truck
competition can be an important lofadtor in and adjacent to major mining regions, but truck transportation

is not usually feasible beyond a limit that varies regionally from 70 to 200 thifes.

In 1989,coal provided 40 percent of all rail tonnage and 23 percent of all railroad revenues; since not all
railroads serve coal-producing and ®@ming regions, the importance of coal to those that do is even greater
than these statistics sugg¥st.  Since the Railroad RevitalizatidRegulatory Reform Act of 1976 (the "4R"

act) and the Staggers Rail Act of 198®&rage reatiollar rail rates for coal have declined; however, evidence
suggestghat railroads still have and use market power over ®¢8al. Standard authorities on transport
economics, as well as the Interstaten@®rce Comiigsion,define rail ratemaking practice as charging "what

the traffic will bear" between the minimum set by variable costs and the regulatory ma3&fium. The
presence of two competing carriers does not guarantee that rates will be set at either carrier's marginal costs,
for they may act as a noncolluding duopoly to earn rents above the higher-cost carrier's marginal cost,
optimizing the allocation of rail capacity over time, all commoditiesaiindvenues? Railroads with market

power need not ship coal at minimum cost: "Studies of actual coal rail rates show these routes to be neither
the shortest, nor the fastest, nor the most ersdfigyent, nor the cheapest paths from origin to destinaffon.”

When, in an application of a detailed freight network equilibrium model, computed costs were compared to
contractual ratesin 25 cases, rates varied from 99 to 280 percent of calculated costs, with 75 percent of the
cases showing rate/cost ratios in the 116- to 166-percent ¥ange. Under the Staggers Act, the regulated
maximum rate that can be charged is 1&@gmnt offully allocated variable cost as defined by ICC Rail Form

A.67

Coal distribution modelinghandates recognition that coal transportation rates only approach marginal costs

of service in the presence of intermodal competition. Further, as suggested above, the difference between cost
and price can be significant, not merely on a route-specific basis, but at the national level. Because coal
transportatiomates may not be determined by either costs or distance, estimation of route-specific transport

*The railroad share of total contract coal traffic was 59 perc&®9d: Energy Information AdministratioGoal Distribution,
January-December 199@OE/EIA-0125(90/4Q) (Washington, DC, April 1991), Table 17, p. 25.

*"The upper limit of 200 miles is documenteimal WeekJanuary 13, 1992, p. 7. column 2.

*8Factors other than distance and freight volumeatdfsot truck rates. See Richard Beilock, Peter GaratWalter Miklius,
"Freight Charge Variations in Truck Transport Markets: Price Discrimination or Competitive Prigimg?ican Journal of
Agricultural Economicsvol. 68, No. 2, May 1986, pp. 226-236.

*Energy Information Administratio;rends in Contract Coal Transportatid®79-1987 DOE/EIA-0549 (Washington, DC,
September 1991), p. 3.

®For the post-1976 decline iail rates for coal: United States Gene¥atounting Office Railroad Regulation, Economic and
Financial Impacts of the Staggers Rail Actl&f8Q GAO/RCED-90-80 (Washington, DC, May 1990), and Energy Information
Administration,Trends in Contract Coal Transportation, 1979-19BDE/EIA-0549 (Washington, DC, September 1991), p. ix.

®'For evidence of persistent exercise of rail market power over coal freight rates: Dunbar, Frederick C. and Joyce S. Mehring, "Coal
Rail Prices During Deregulation: A Hedonic Price Analydisgistics and Transportation Reviewvol. 26, No.1, 1990, pp. 17-18.

25ee, for example: D. Philip LockliEconomics of Transportatiofdomewood, IL: Richard D. Irwin, Inc., 1972)

p. 160.

3U.S. Senate, Committee on Energy and Natural Resources, Committee on Commerce, Science, and TraNspioriati&mergy
Transportation, Volume 1, Current System am&mentsCommittee Print Publication No. 95-15 (Washington, DC, May 1977), pp.
73-74.

®Wolak, Frank A. and Charles D. Kolstad, "Measuring Relative Market Power in The Western U.S. Coal Market Using Shapley
Values",Resources and Energy0 (1988), pp. 293-314.

®Bronzini, Michael S., "Network Routing and Costing Systems for Coal Transport&@ioegedings of Coal Transportation and
Costing Seminar, October 15984 The Argonne National Laboratory for ti#ectric Power Research Institute and the U.S.
Department of Energy, (Kansas City, MO, July 1985), pp. 155.

®Bronzini, Michael Sgp. cit, pp 149-176.

6749 U.S.C., Section 10709, (a),(d)(2),(E); Section 10705 (m)(1).
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rates (i.e., when required for topl analyses) will be done exogenously. Since thousands of transport routes
may be in use in any yeamdogenous estimation of a reasonably complete set of route-specific costs would
impose unacceptable model execution times and maintenance burdens.

In the CDStransportation rates are portrayed at the interregional level of detail by subtracting historical
average mineouth prices fronhistorical average delivered prices. For each of five major economic sectors
(electric power generation, industrial steam generation, domestic metallurgical production,
residental/commercial consumption, and exports) a set of transportation prices connects the 23 demand
regionswith each of the 16 supply regions. In principle, there are thus 23*16*5=1840 coal transportation
routes and associated prices in the modelraictipe, the number of useable routes is substantially less, since
many of the origin/destination pdsiities represent routes that are economically impractical now and in the
foreseeable future.

Where no coal trafficxésts or is foreseen, the model camséadummy prices to prevent their use. An example

is Alaska, which is connected to the lower 48 States onkallgr and unpaved road. While Alaska has a coal
dock used to export coal, the State contains no facilities for unloading coal from ship to shore. Alaska
produces coal for its owsonsumption and export, but has never "imported" coal from the contiguous States
or overseas. lts onfgasible coatransportation connection in the CDS is with the Pacific Northwest region.

No other approach is reasonable in such cases, since estimates of transport costs cannot be made for routes
that have never been used and where required infrastructure does not exist. A different type of example is
provided by the metallurgical coal sectdderenot all the model's supply regions contain coal reserves
suitable for making metallurgical coke i@t technologies. Similarly, not all demand regions still contain
coking coal @mands. Where there can be neither supply nor demand, coal transportation rates are set to
dummy values to prohibibeir use. This method is efficient, since it is easy to modify should technological
change or economic development produce possibilities where none now exist.

Transportation rates ihe CDS vary significantly between the same supply and demand region for different
economic sectors. This variance is explained by the following factors:

e Both supplyand demand regions may be geographically extensive, but the particular sectoral or
subsectoralemands may be focused ifffelient potions ofthe demand region, while the different types
of coal used to meet these demands may be produced in different parts of the supply region.

e Different coal end-uses require coal supplies that must be delivered within a narrow range of particle
sizes. Special loading and transportation methods must be used to control breakage for these end uses.
Special handling means higher transportation rates, especially for metallurgical, industrial, and
residential/commercial coals.

e Different categories of end-usensumers tend to use @&rent size coal shipments, with different annual
volumes. As wittmost bulk commodity transport categories, rates charged tend to vary inversely with
both typical shipment size and typical annual volumes.

e Since the Staggers Act of 1980, class | railroads beea free to make coal transportation contracts that
differ in contractterms of service and in the sharing of capital cost between carrier and shipper. Where
previously thecarrier ssumed the expense of providiagomotive power, rolling stock, operating labor
and supplies, right-of-way maintenance, and routing and scheduling, more recent "unit train" contracts
reflect the use of dedicated locomotive power, rolling stock, and labor operating trains on an invariant
schedule. Often these dedicated components of the total contract service are wholly or partly financed
by the shipper. Isuch cases, the actual costs and services represented by the contract may cover no
more than right-of-way maintenance, routing and scheduling. Particular interregional routes may vary
widely in the proportion of total coal carriage represented by newer cost-sharing and older tariff-based
contracts.
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Reliability and Service Constraints in the CDS

The need for reliable fuel supplies coasts the consumer's ability to minimize its delivered cost. While the
general quantitative and qualitative characteristics of coal reserves are better known than for most mineral
resources, they may vary onéseeably in ways that strongly affect extraction costs at individual mines. All
coal demands contalioth elastic and inelastic components; it is impossible for coal consumers to precisely
foresee the quantity of coal they will require, even in the short term. Coal is generally the least expensive
fossil fuel, but its price can be very volatile in the short- and enidst For many consumers, the price of coal
supplies is amall fraction of total business costs and is less important than security of supply. Coal
consumers prefer to supply the price-inelastic component of their demand with risk-minisupiply
strategies: long-term supply contracts, multiple sources, and stockpiescoal consumer's interest in
obtaining coal at the lowest possible delivered cost is thus a sub-part of a broader strategy to minimize the
long term, overall cost of coal dependence.

Coal demand is derived from the demand for final products to which coal is a factor input, e.g., electricity,
steel, cement, and food products. Short-run demand varies, reflecting business cycles unrelated to mining
costs. Because coal-dependent facilities represent large capital investments with productive lifetimes of 40
years or more, coal demasitbws substantial price inelasticitytla¢ individual facility level in the long term,

and at the national level ihe mid ternf® Because coal is ultimately a substitute for other, more convenient
fuels, longterm demand is price elastic when the long term is defined to be a period innehiatapital
investments take place (or new facilities are constructed). To maintain coal's market share, its price must
remain less than or equal to the cost of alternative fuels, after factoring in all technical and environmental
externalities. Coaharketshus display congtent resposes to short term demand fluctuations and mid-term

price inelasticity. Thus, coal comsars experiencesthand divided between invariant "base load" and highly
variable "peak load" components. The relative importance of these components varies among economic
sectors, industries, and regions. Coal supply strategies are conditioned by these differences and by the
characteristics of the coal supply and distribution industries.

While the coal mining industry has become more concentrated in recent years, by the standards applied in
industrial economics, coal production is naobacentrated industry. The largest coal producer accounted for
less than 9 percent of national production in 1991, and a dezenrequired to produce 40 percent of the
nationaltotal *® Coal mining has low barriers to entry, and substantial barriers to exit. Brief periods of high
prices bring rapid expansion of mining capacity; long periods of stable and declining prices yield excess
capacity and fierce competition during which mines continue to produce, so long as price exceeds variable
cost and some contribution to fixed costs can be made. Mining costs, exhkinown coal fields, vary acre

by acre’® Coal producers have only incomplete knowledge of the mining cost and quality of coal of the
reserves they owfl. Mining firms thus face both geological and market uncertainties.

®8Richard T. Newcombe, "Mineral Industry Demands and General Market Equilibrium", ChapEsah@mics of The Mineral
Industries 3rd ed., American Institute of Mining, kdlurgical and Petroleum Engineers, Inc. (New York, 1976); Wolak, Frank A. and
Charles D. Kolstad, "Measuring Relative Market Power in the Western U.S. Coal Market Using Shapley Reseesces and
Energy 10 (1988), pp. 297, fn 3.

®Energy Information Administratiohe Changing Structure of U.S. Coal Industry: An Upda@E/EIA-0513 (93), July 1993,
Table A3, p. 37.

™lllinois State Geological Survey and the U.S. Department of the Interior, U.S. Bureau offvigieegering Study of Structural
Geologic Features of The Herrin (No. 6) Caald Associated Rock in lllinois, Volume 2, Detailed Report, NABS219462
(Washington, DC, June 1979).

"Richard GordorGoal Industry Problems, Final Report, EA 1746, Project 100Behnsylvania State University, prepared for the
Electric Power Research Institute (Palo Alto, CA, June, 1979), pp. 2-43, 2-44.
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Thus, both consuers and mducersare motivated to reduce substantial uncertainties using multiple sources
and/orclients, long-term contracts, and stockpiles. Optimal coal consumption and production strategies,
therefore, emphasiteng-term reldionships ather than short-term delivered coal cost minimization, for they
must provide security of supply. In the residential, commercial, and industrial demand sectors, delivered
coal costare a smaller ption of total orating costs than forilities, and reliability and adequacy of supply
become much more important criteria than minimized delivered price.

Multi-year contracts serve producers, carriers, and consumers in several ways. For all parties, they reduce
market uncertainties. For consumers, they can greatly reduce the decisionmaking costs associated with
assuringreasonably priced supplies, and can assure both the needed quality and quantity of supply. For
producers, thegan greatly reduce the cost and risks of marketing. Contracts are central to the successful
operation of modern coalarkets; 75 to 9percent of all coal sold to all economic sectors is produced under
contract (the percentage variégtmmarket onditions). No significant increment of mining capacity is likely

to be constructed without a contract for at least 80 percent of its potential production for a time period
sufficient to ensure amortization of invested capital.

Because shoretm demand is vable, coal consumers require that producers under contract must be able to
increase or aeease the quantity supplied by 5 to 50 percent around the base t6hnage. Coal shipments are
routinely tested by indemdent laboratories to ensure that their physical and chemical parameters are within
contractual limits. Special clauses in contracts may specify price penalties for violation of coal quality,
quantity or scheduletms, and may also divide any benefits or disincentives due to changing costs between
the produceand consumer. Fixed-price contracts were once combnbrthese have been replaced by
"evergreen" contracts in which prices are adjusted annually to follow market trends.

While new conact prices reflect the sum of fixed and Maléacosts, and may include special service charges,
spot market coaiay be sold at any price that is at least equal to variable costs. Consumers commonly
purchase 5 to 25 percent of their coal needs in the open or "spot" market. By doing so, consumers gain
information on production and transport costs that can be used to adjust existing contracts and identify
potential supfers. Buyer's markets prevail in most years, so spot market prices are usually below both
average andew contract prices. If regulatory change or unforeseen demand increases occur, a period of
mining or transport capacity shortage may ensue, withhstet pices leading new contract prices to record
levels. Such periods occurred in World Wars | and Il, and from 1973 through 1978.

Because of their overwhelming importance in stabilizing short- to mid-term coal markets, the inclusion of
contracts in coal distribution models can enhance the simutat®pot markets for coal are unstable and coal
models without comactsimulation tend to be equally unstable if they are otherwise true to the systems they
model. Coal contracts embody importantinfation about coajuality and reliability of supply, information

for which real world coalansumers havéiistoricallydemonstrated their willingness to pay a premium above
the spotmarket price becauskeir experience has shown that, in the long run, they save money by so doing.

'Security of supply" can be defined as the right amount of coal with the right physical and chemical specifications delivered at the
right time over the right term at a reasonable cost. A major eastern utility has described its coal procurement objective as provision of
an "adequate, economical, and reliable" supplyhi¢tv82 percent is obtained under contract. (Resource Dynamics CorpdZatidn,

Market Decision-Making: Description and Modeling Implications, FlRaport to the Maxima Corporation for the Energy Information
Administration(McLean, VA, June 1984), p. 14).

"Utility contracts usually require tipeoducer to provide up to plus or minus 20 percent of a base quantity. Industrial contracts must
provide for supplies to meet short-term demand shifts at facilities with smaller, or even no stockpiles. It is not uncommon for industrial
contracts to specify an optional tonnage of plus or minus 25 percent. die¢héc utility sector, the consumer usually makes the
transportation contract. In the industrial sector, the mining firm is often responsible for coal transportation, whether under contract or
not.

™At any given time, 75 to 95 percent of all coal produced in the United States is shipped under the provisions of multi-year contracts.
This applies to coal shipped not only in the electric power generation sector, where contracts tend to be the longest and control the largest
tonnage per contract, but also in the industrial, metallurgical and export sectors.
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In the CDS, electric power utilities' existing coal contracts are included to link supply and demand in the
historical pattern rather than that determined by annual delivered price minimiZation. The average length
of such contracts is about 21 years and, on the average, those in the model tend to be about half over in the
CDS forecast pad's base year, 1990. This means that the amount of contract influence on electric power
coal distribution declinesaar-byyear through the forecast period and is minimal after the year 2005. These
contracts make an important contribution to the CDS' portrayal of the geographic pattern of coal distribution

in the first 5 to 10 years of the forecast period.

The CDS does not use historical contract prices. Instead, minemouth, transportation and delivered price are
assigned to contracts by the same process used to meet other deftemasodel does use the contract
duration, regions of origin, destination, the maximum contract volume, and the coal type indicated by the
contract tocreate a required distribution of a particular coal type from the specified supply region to the
specified demand region for the indicated number of years. These contracts remain in effect only so long as
the EMM, which determines the electric utility coal demand used i€ligl, calculates that the demand
pattern is cost efficient. Should the demand received froreMid decline below the maximum contract
volume, it is only honored to the extent of that demand. Should the demand for the coal under a contract
decline tazero, the ontract is ndonger honored in the CMM. Since masipply regions contain both surface

and underground mine supply curves for each coal type in the region, the CMM will assign demands under
contract to beilfed by the leastost combination of supplies from these surface and underground coal types.

In summary, the current useaafntracts in the CMM restricts only the supply region from which contractual
supplies must come, and this restriction is onlgreefd on the quantity of demand for the specified coal type

that is received from the EMM. Contracted supplies cannot exceed the maximum tonnage indicated by the
contract. These proceduresmimize the ptential for serious delivered price distortions due to the contracts.

It may seem from this discussion that existing contracts used i@DReare irrelevant tthe computed
distribution patterns. lfiact, these contracts have a powerful effect on distribution, but the method of
modelingthem has a less dramatic effectdmlivered coal prices. The EMM determinegectricity coal
demands by selecting the most eddive combination of dierent ®als and other fuels based @elivered
prices.

However, the assignment of such caahdnds by existing caatts to specified regions still allows a demand

to be met by the most economical coal withinegion (subject to regulatory and technical constraints). Thus
there is still intra-regional price competition at the minemouth price level. Fixing the supply region for a
demand is likely to cause therdand to be met by a non least-cost source, but in practidelthered price
difference is not always enough to cause the EMM to reduce the affected demand.

This is so in theCDS becaustransportation costs are calculated as the difference between historical
minemouth andelivered costs, thus efficiently capturing the historical pattern of economic rents gained by
common carriers. His pattern of rents has tatect at gyiven denand region of moving delivered coal prices

from competing supply regions toward equality. Coal transportation prices are thus not independent of the
distribution pattern imposed by existing contracts. It may be that total coal demand in NEMS is somewhat

“The data available to EIA on existiatgctric utility contracts (from thEERC Form 580, "Interrogatory on Fuel and Energy
Purchase Practices," and from the FERC Form 423, "Monthly Report of Cost and Quality of Fuels for Electric Plants") are detailed and
extensive, but do not provide universal coverage, even for the electric utility sector. EIA collects no data on contracts in the industrial
or export sectors. Moreover, the vitally important data on transportation contracts (route mileage, tonnage, transport mode, origins,
destinations and service prices contained in the FERC Form 580 are a wasting resource, since price as well as other information is largely
proprietary in new railroad transport contracts, and no other objective source of such data is available.

®Energy Information Administratiorends In Contract Coal Transportatioh979—1987DOE/EIA-0549 (Washington, DC,
September 1991), p. ix.
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smaller than it would be without these existimgtracts, but this is as likely to be true in the industries being
simulated as it is in the model.

Some economists might argue that simulation ofacistin a long-term model is inappropriate since it might
distort demand and supply patteraway from the long-term least cost solution. The current use of contracts

in the CDS escapes this criticism since most of the contracts expire by 2000. However, it can be argued that
it is incorrect to eXdade contacts, since they represent fuel choice considerations beyond short term delivered
cost minimization, providing a more realistic portrayal of consumers' actual decision processes. Economic
theory does not require that fuel choice decisions be restricted to short term delivered cost minimization.
There are, however, four appropriate litiitas on the use aal contracts in the model: (1) contracts should

not bind a highergrcentage ofmodel coal demand than they do in reality; (2) contracts should be subject to
economiae-evaludion sothat, if savings greater than the unexpired value of the contract can be realized by
"buying out"the contract, the model has the capability to do this; (3) the model must be able to abrogate
contracts in cases of regulatéoyce majeure (Phase | and Phase Il of the Clean Air Act have not been found
judicially to beforce majeure as of this date); and, (4) the price of contract coal should follow, but not
necessarily equal, market levels.

The current method of using available cacttdata is efficient in thatithproves the model's ability to portray

coal distribution plausibly and provides a partial stabilizing influence without requiring the use of detailed
engireering and coal quality data (which, in any case, is rtbeipublic domain). This "black box" approach

allows the above improvements in model performance while reducing the volume of calculations that must
be performed by the model's solution algorithm and, therefore, helps increase the model's execution speed.

Comparison of the CDS to Other Coal Distribution Models

In the 1970's and early 1980's, high world oil prices and the stagnationldfSheuclear poweandustry
produced coal price increases and rapid growth in western low sulfur coal mining regionsuibal
modelers focused on how consers and mducers would meet joint challenges posed by increasing demand
and regulatory stringenc¥ntering the decade of the 1980's, the emphasis shifted toward detailed modeling
of coal transportation costs and capabilitiesas realized that national policies emphasizing increasing coal
use were dependent on a financidigubled national rail network adapting to significant deregulatory
initiatives. Ensuing years have demonstrated that, while controversy over railroad freight rates for coal has
not evaporated, avage raifates for coal have declined. Railroads have responded to deregulation with rate
innovations, improvethctor input prductivity, and enhanced financial viability, while continuing to charge
"what the market will bear" subject to the remaining regulatory limitations.

Since the early 1980's, developments in coal supply modeling have skelgotare focus. Models have been
adapted to explore the potentiarket shares of steazpal imports into the United States and to examine the
capability ofU.S. coalproducers to maintain or expand their market share in rapidly growing international
steam coal markets. At thiese of the 180's, renewed interest in emissions from coal combustion and State
analyses ofhe revenue potential from coal severance taxes created a demand for detaileduipodel
describing impacts at the State or sub-State regional level. The trend toward greater regional detail was
accelerated by the pept®sn that the lagemainng obstacle to accurate modeling of distribution patterns lay

in more detailed simulation otimsportation costs. Concurrently, coal supply models extended their forecast
horizons from 10 to 25 years.

The Evolution of Coal Distribution Models

Stimulated by increaseaterest in energy supply and distribution costs associated with events subsequent to
the Arab oil embargo of September 1973, rapid development of new modeling techoaupkce. The
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models most relevant to development of MEMS CDS argorogramming and spatial equilibrium models
developed on the foundation of James Henderson's study of coal industry effiéiency.

These models include regionalized linear programming models that differentiate coal products by mining
method (stface vesus underground) and blystinguishing multiple levels of Btu and sulfur content, but did

not recognize that other coal quality parameters such as ash fusion temperatures, ash quantity, grindability,
and base/acid ratios are equally important in defining coal markets. Coal blending at the demand point was
incorporated® Quadratic programming models based on the work of Takayama and Judge developed more
sophisticated objective functions, incorpmrgtmaximization of producers' and consumers' surpliises. This
methodology was applied to the spatial distribution of Appalachiarftoal.

Recursive programming modedere adapted to modeécisions over time in which subsequent solutions
depended on the results of earlier executions. Feedback equegi@enemployed to simulat®nstrained
optimization intuding adaptation to current conditions. This approach is well suited to modeling decisions
under "adaptive price expectations'amnthe feedback may come from jpnéhary executions for time period

2 and affect final désions in time period 1. Of coursejch a methodology imposes execution time penalties
that are of concern inlarge, integrated system such as NEMS. An early application was used to explain the
historical adoption of improved mining technologies and their effects on the coal mining irffdustry.

Programming models have been adapted to simulation of markets characterized by imperfect competition.
An early and representative example is the work performed on the Project Independence Evaluation System
(PIES) at EIA to model regulated gas prices and tariff adjustments/oil entitlsthents.

The development of large scale integrated modeling systems such BéEBethe Midterm Energy
Forecasting SystertMEFS), IFFS, andNEMS has meant that the sharp edges of individual modeling
approaches are blurred by the characteristics of the integrated system. System sub-models act both as
components ofhe integrated modeling system and as stand-alone models that must be quickly adaptable to
analyses of, for example, the impactpafposed legislation at the State or sub-State region level. Modeling
systems with central integrating models (e.g.,"MAIN'HR$) allow the freedom to join econometric demand
componentswith structural/engineering supply components. All the above systems have been the
responsibility of EIA and/or its predecessor agencies. The EIA integrated systems are paralleled by similar
systems inother environments, such as the Hudson-Jorgenson system and the Brookhaven Integrated
Energy/Economy Modeling Systefié*

PIES consisted of a lar programing integrating model thatomputed an equilibrium solution for demands
generated by an egonetric demand model with supplies generated by a programming model. Equilibrium

"James M. Hendersofihe Efficiency of The Coal Industry, An Application of Lireaagramming(Cambridge, MA: Harvard
University Press, 1958).

"Libbin, J.J. and X.X. Boehle, "Programming Model of East-West Coal Shipmamtsrican Journal of Agricultural Economics
Vol. 27, 1977.

Takayama, T., and G. Jud@natial and Temporal Price and Allocation Modg¥snsterdam: North-Holland, 1971).

| abys, W.C. and Yang, C.W., "A Quadratic Programming Model of The Appalachian Steam Coal Magkgly"Economigs/ol.
2, pp. 86-95.

8Day, R.H. and W.K. Tabb, 1972, Dynamic Microeconomic Model of The U.S. Coal Mining InduSB8RI Research Paper
(Madison, WI: University of Wisconsin, 1972).

8Murphy, F.H.,The Structurend Solution of ThEroject Independence Evaluation Syst&mergy Information Administration
(Washington, DC, 1980); Murphy, F.H., R.C. Sanders, S.H. Shaw and R.L. Thrasher, "Modeling Natural Gas Regulatory Proposals
Using the Project Independence Evaluation Syst@pérations Researciol. 29, pp. 876-902.

8Hudson, E.A. and D.W. Jorgenson, "U.S. Energy Policy and Economic Growth, 19758800¢urnal of Economics and
Management Sciengc¥ol. 5, pp. 461-514.

8Groncki, P.J. and W. Marcuse, "The Brookhawéegrated Energy/Economy Modeling System and Its Use in Conservation Policy
Analysis,"Energy Modeling Studies and ConservatiBCE, ed., prepared for the United Nations, (NY: Pergamon Press, 1980), pp.
535-556.
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output from the integrating model was input tn@roeconomic model, an environmental impact model, and
an international modéf.

Most models of coal supply and distribution fall into two categories. The first is a series of models largely
developed by ICF, Inc., for EIA, but also marketed to other clients. The EIA representative of this "family"
of models is the National Coal Mod@ICM), which has had various capabilitiesiie two decades of
existence. The other coslipply model "family" of the 1970isas designed by Martin Zimmermann and
subsequently incporated into the DRI, Inc., modeling system as the central analytical tool of the DRI Coal
Service. Both the NCM and DRI models are linear programming models that treat coal transportation costs
as an interregionally specific markup over minemouth costs.

Both the DRI model and the NCM caresgteindepenéntly (with exogenously supplied demands) or as part

of an integated system. The NCM contains a utility capacity planning and dispatch submodel that receives
electricity eemand, and allocates thisrdand among coal, oil, gas, and nuclear generation capacity according
to relative cost. The NCM disaggregates ceatahd, usingechnical and sectoral environmental constraints,
testing the economic efficiency of low-sulfur coals against high-sulfur coals that require scfibbing.

The DRI andNCM models can be contrasted in several regards. First the NCM, in all its versions, has had
a more detailed classification scheme. N@&M has had from 40 to 60 coal types; the DRI-Zimmermann
model has 36. Both models' supply cuaesin the form of step functions, but the NCM has over 400 while

the DRI-Zimmermann model has 35. The NCM haswgibly regpns while the DRI-Zimmermann model has

6. The NCMhas 44 demand regions while the DRI-Zimmermann model has, in various versions, either 13
or 18. Interrgional supplydemand links in the NCM total about 1,000, while different versions of the DRI-
Zimmermann model have either 78 or 108. A version oNG#&1, asmodified for recent use by the U.S.
Environmental Protection Agency, contains hundreds of demand and supply centroids, and over 2,000
interregionalcoal shipment routé€. Each of these routes is represented by a detailed description of the
carriers, link mileages, locomotive horsepower, and other cost related factors. These, in turn allow detailed
engineeing cost estimates for each route. Such an accounting model approach to coal transportation allows
very precise estimates of costs, but as discussed above, coal transportation rates may not be determined by
costs. Thus, in spite of the extreme detail input to this model, it may underestimate delivered coal costs.

As linear programing models wer@dapted to model coal distribution, it became increasingly apparent that
available data on such costs, when combined with accurate minemouth costs, did not necessarily produce
plausible coal distrilition patterns. A logical strategy in resolving this dilemma was to increase the number

of supply and emand regions tallow the model to capture idiosyncratic rail rates to very localized regions.
This method achievedmaeasure of success, at least in capturing historical patterns, as the number of demand
regions began to approach the number of coal usicgielpower utilities (approximately 200). At this level

of detail it is possible to synthesize reasonably plausible rates that accurately portray past coal distribution.
Even at this level of detail, the rate diftnces between routes with neighboring origins and destinations may

be quite large, and due to the lack of coal transportation cost data for many regions, such a rate system is

®Energy Information Administratioocumentation of the Project Independence Evaluation Sy$t&shington, DC, 1979).
8Description of the NCM is taken from: ICF, Irkhe National Coal Model: Descripticand Documentation, Final Report

(Washington, DC, October 1976; Energy Information Administratitethematical Structure and Computer Implementation of The
National Coal ModeIDOE/EI/10128-2 (Washington, DC, January 1982); Energy Information Administratéional Coal Model
(NCM), UserdManual (Washington, DC, January 1982). Description of the Zimmermann-DRI model is taken from: Zimmermann,
M.B., "Modeling Depletion in a Mineral Industtf¥he Case of CoalBell Journal of Economi¢d/ol. 8, No. 4 (Spring, 1977), pp. 41-
65; Zimmermann, M.B., "Estimating a Policy Model of U.S. Coal Supplglyances in the Economics of Energy and Resouviés
2. (New York: JAI Press, 1979), pp. 59-92; Pennsylvania State University, "Zimmermann Coal Eodehhic Analysis of Coal
Supply: An Assessmentofisting Studiesvolume 3, Final Report, EPRI EA-496, Project 335-3 (Palo Alto, CA: the Electric Power
Research Institute, June 1979); Data Resources, Inc., Coal Service Documentation (Lexington, MA, March 1981).

¥|CF Resources, Indocumentation of the ICF Coal and Electric Utilities Model: Coal Transportation Network used in the 1987
EPA Interim Base Caséhe U.S. Environmental Protection Agency (Washington, DC, September 1989).
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difficult to document other than through reliance on "analytical judgment.” It is also obviously true that
maintaining a system of rates involving routes betwup to 100 supply regions and 200 demand regions has
an impact on scenario turnaround time. Modelgaining this level of detail are simply too cumbersome for

a system like NEMS.

Another prinary difference between the NCM and the DRI models is in the treatment of resource depletion.
In both models, minemouth costs are developed by supply curves relating annualized production of
recoverable reserves to mining costs that rise with progressive depletion. Each has its own approach to
estimation ofsupply curves. The NCM is empiricalusing curves developed by tiRAMC from the
Demonstrated Reserve Base, the Coal Analysis Files, and mine costing models. For the DRI-Zimmermann
model, the supply curvesave oiginally developed fronthe assumption that coal reserves were log-normally
distributed by samthickness and/or overburden ratio, the prionary determinants of reserve-related mining

costs in both modelsThe hypothesis of log normal resewistribution by seam thickness has never been
proved, and there is evidence that it is descriptively incorrect.

Until theearly 1980's, coal transportation costsensinply added ontéhe demand sensitive minemouth costs
determined by the supply e&s, as a "mark up" and were not treated as sensitive to transport mode capacity
utilization. The geeralflowering of energy modeling techniques in the 1970's did not produce a significant
development in coal transportation modeling until the end of the decade.

Freight Network Equilibrium Models

The central concept of the freight network equilibrium model is a straightforward application of the shortest
path algorithm in a network model as depeld in introductory management science and operations research
texts®® Thesarly 1980's saw rapid development andiaaibn of the technique in response to contemporary
concern that the national rail network might not be able to transport expected coal tonnages at reasonable
costs. As subsequent events have shown, railroads have provided the required capacity while reducing real
dollar average transportation costs per ton-fiile.

The distinguishing feature of freight network models is a network composed of connecting links, each
independentlya@sted. These models develop route transportation costs by finding the optimal path through
the network for each origin/destination pair. Since links have independent cost functions, networks can
represent multimodal routes with loading, transloading, amédimg options. Optimal routes can be defined

as thosavith the lowest costs, or as those generating maximum revenues. Link costing functions can range
from flat fees through volume-sensitive capacity utilization functions to complete engineering cost models,
depending on the functions of the model in question.

Very large networks may be used to describe mode-specific transportation capacities for the entire United
States. Applications to coal supply modelingagally usesimplified networks of up to a few thousand links.

The time required to execute a freight network model increases rapidly as a function of network size and
complexity. Since the network links connect actual places, they represent actual distances and freight
capacities in geographépace, and have the computational properties associated with true geographic scale.
In such networks, rates may be constructed by multiplying the sum of a "base rate" and a volume sensitive
capacity utilization function by function of lindistance. The source of such base rates may be the error term

in a linear regression predicting rates from distance.

#see, for example, Wagner, Harvey M., "Network Models," ChapteP#@riniples of Management Science with Applications to
Executive Decision@Englewood Cliffs, NJ: Prentice-Hall, Inc., 1970).

¥United States General Accounting OffiBilroad Regulation, Economic and Financial Impacts of the Staggers Rail Act of 1980,
GAO/RCED-90-8@Washington, DC, May 1990).
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Freight network models often contain an equilibrium algorithm, which is required by the use of volume-
sensitivecapacity utilization functions to price transportation across links. Since the solution begins with
estimated volumes, flows through thetwork will not reach equilibrium unless actual flows equal estimated
flows. Since freight prices vary with volume shipped, estimated and actual flows are unlikely to be equal.
Successivedrations may not converge to an equilibrium assignment afeslon different routes. Heuristic
algorithms wereadopted to shift small percentages of route volume toward more optimal touiles
equilibrium is attained. The combination of exact shortest path and heuristic equilibrium assignment
algorithms povides a powerful method of processing very large quantities of transportation detail. Given a
sufficiently detailed rathod of estimating link-specific costs, such models can provide accurate estimates of
the route specific variable costs incurred by coal cartfers.  Freight network models have been widely used
to study regional rate responses to increasing system capacity utilization.

The ability to model transportation costs at a link-specific level of detail does not come without drawbacks,
however. Freight network modelepend heavily on detailed input describing freight flows, rates, and exact
routes’ Coal distributionetworks have been developed with from 269 to over 18,000 links; the bigger the
network, the more difficult and expensive it is to maintain, and the greater the model's execution time
requirements. In smaller networks, scale problems such as the "centroid problem" inevitably emerge. This
problem emerges as the number of origins and destinations decreases, and the accuracy and stability of
interrggional tonnage-weighted distancesidishes. If a node is not the true volume- and tonnage-weighted
center of the region it represents, the use of actual ton-mile rates will produce inaccurate route prices. True
centroidsconstantly shift in a freight network, just as the population center of the United States has been
hopping in a southvegerly direction across the midwestern United States after each decennial census in this
century. This means that simple networks require painstaking annual adjustments if reasonable rates are to
be maintained. In threal world, anindividual link may have widely different ton-mile rates as a component

of different contractual movements priced at "what the market will bear." Simplified networks also reduce
the ability to model competition on parallel routes between the same origin and destination.

A strength ofreight network models igeir ability to provide detail about comparative route geography and
link-specific economics. However, this detail Hasv applications in national energy policy analyses as
addressed by thdEMS. Itis useful to be able to model coal transportation competition on a carrier/route
basis. The CDS isgdigned to produce (through an exogenous accessory program that is not operational for
theAnnual Energy Outlook 1998oute andnode specific transportation detail that can be adapted to studies

of carrier compiition. Howe\er, the current depiction of transportation consists entirely of rates determined
by subtacting aerage minemuthcosts generated in the CDS from historical delivered costs as collected on
Forms EIA-3A, -5A, and FERC Form 423. Thus the model remains compact and speedy, and the rates
generated arkased on the only set of available data that can provide universal coverage of recent historical
coal transportation rates.

Modeling Coal Supply Under Imperfect Competition

Over the last decade, a number of papers have explored imperfect competition in domestic and international
coal markets. These studies are relevant to the design of the CDS because of several issues they present.

The first of these issues is methodological. The lack of a strong relationship between the marginal costs of
coal transportation and the prices charged; the geographically idiosyncratic pattern of transportation rates
reflectingdifferent types of service, modes, and the local market power of common carriers; the lack of
credibleevidence that rates are strongly related to distance shipped all combine to suggestighlery

Pvyas, A.D., "Overview of Coal Movement and Review of Transportation MethodoloBiesgedings of Coal Transportation
Costing and Modeling Seminar, October 15, 1984dnsas City, MO: Argonne National Laboratory, July 1985), p. 7.
*lvyas, A.D., "Overview of Coal Movement and Review of Transportation Methodologies," p. 7.
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detailed portrayal of coal transportation. The NEMS system cannot support coal transportation simulation at
this scale, and it is questionable whethath a system could be adequately supported by factual data to meet
EIA documentation standards. Still, the CDS must avoid "corner solutions" that distort interregional flows
and prices. Finally, evidence suggests that without inclusion of more detail thEN® system can
tolerate, it camot be shown that, in the short-tefypear-by-year) coal distribution is significantly determined

by deliveredcost minimization. The inclusion of existing contracts through the mid-term vstaif
importance to the modeling of a plausible distribution.

The problem of scale representation can be illustrated by coal shipments to Ohio, one of two States included
in CDS Demandregion 10 (Ohio and Indiana). Coal can be delivered to all parts of the State by truck and
rail, but many coal consters are locatedang the wrthern and southern edges of the State, adjacent to Lake

Erie and the Ohio River, respectively. The least cost solution to Ohio's coal supply needs, when the State is
modeled as a point demand, is to ship all supplies via either Great Lakes vessel or river barge, which is a
seriousdistortion of actual practice. In most large coal distribution models, this problem is addressed by
subdividing Ohio into two or more demand regions. InGS, there imne demand region for Ohio and
Indianacombined. For most analyses, the use of average transportation rates to these two State regions is
adequate, but if th€DS is to baused for studies of intercarrier or intermodal competition, an endogenous
method of constraining competition is clearly required.

Two methods have been developed to address analogous probieateling international coal trade, where
noncost mininzing patterns of supply and demand are common. One is to disaggregate demand into shares
"dedicated" to particular suppliets. The second approach is the specification of finite elasticities of
substitution for products fromftérentsupply sotces?® Othestudies of imperfect competition have focused

on the power of western coal-producing State governments and the railroads serving mines in these States to
extract eonomic rents. Kolstad anlolak examined the ability of the Wyoming and Montana governments

to extract rats fom coal through severance taxes. Assuming Nash-Cournot conditions, and using reaction-
function equilibria with the tax rate, rather than the production level, as the decision variable, optimal
severance tax levels of 27 percent for Montana and 33 percent for Wyominfpwaagboth higher than
currenttax levelsf* These authors also tested the ability of the two rail carriers providing transportation
eastward from Montana and Wyoming to capture ré€nts. The methodology required is computationally
intensive, and imappropriate for a national scale, multi-purpose model that must meet NEMS performance
requirements.

Wolak and Kolstad have also explored the modeling of steam coal supply to Japan as a mixed strategy
considering both the expected cost of coal from different suppliers against the expected cost variability
inferred for thessuppliers from thir recent trade histori€8. This method directly addresses the uncertainty
associated with long-term minemouth and coal transportation costs, but it requires the computation of
covariance matrices for historical price variatiorefachdemand to be met. This is too great a computational
burden for a NEMS model with classification structures as extensive as those in the CDS (200 supply curves
and 600-800 sectoral/regional demands).

92Abbey, David S. and Charles D. Kolstad, "The Structure of International Steam Coal Matketsil Resources Journa23
(1983), pp. 859-891; Charles D. Kolstad, DavidBbey and Robert L. Bivindylodelling International Steam-Coal Trade, LA-9661-
MS, UC-98HKLos Alamos, NM: Los Alamos National Laboratory, January 1983), p. 12.

%p S. ArmingtonA Theory of Demand for Products DistinguishedPlace of Productioninternational Monetary Fund Staff Papers,
16 (1) (March 1969), pp. 159-176; T. J. Grennes, P.R. Johnson, and M. Tfumstconomics of World Grain Tradsew York:
Praeger, 1978).

%Kolstad, Charles D. and Frank A. Woldk,, "Competition in Interregional Taxatiohhe Case of Western Coalgurnal of
Political EconomyVol. 91, No. 3 (1983), pp. 443-460.

Wolak, Frank A. and Charles D. Kolstad, "Measuring Relative Market Power in The Western U.S. Coal Market Using Shapley
Values,"Resources and Energ¥0 (1988), pp. 293-314.

Frank A. Wolak and Charles D. Kolstad, " A Model of Homogeneous Input Demand Rhicietncertainty, The American
Economic Reviewol. 81, No. 3 (June 1991), pp. 514-538.
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Summary Comparison of the CDS and Other Coal Distribution Models

Coal distibution models have evolved as approaches to solving fundamental problems encountered as
attempts have been made to apply the models t@ddarand broader array of topics associated with the coal
supply and distribution industries. Thesedels have faced the endless challenge of successfully addressing

an endlessly growing range of purposes, while under great pressure to remain compact, transparent, easy to
maintain, and quick to execute. As discussed above, these problems can be summarized:

e Coal distribution, on asar-by-year beis, and at theequired level of regional and sectoral detail can not
be shown to bdetermined by the delivered cost of coal. Yet, in the long run, historic data show that it
undoubtedly is. It has been argued that this is due todhe ahd mid-term price inelasticity of demand
for coal, and the concurrent existence of localized market power in the coal transportation industry. It
has further been argued that the primary symptom and descriptor of coal markets' adaptation to this fact
is the dominance of such markets by long-term coal supply and transportation contracts.

e Historically, coal distribution models have attempted to resolve this problem by including greater and
greater levels of regional and sectoral detail, accompanied by highly detailed attempts to portray coal
transportatiorrates. These attempts have expanded the detail in most coal models beyond levels
appropriate for a NEMS componemid, often, past the point where the transportation rate structure can
be shown to have an explicitly factual basis.

e Important technological consimés on the operation of different end-use technologies with sub-optimal
coals ar&nown to strongly constrain attempts to minimizevéegd prices. Unfortunately, the available
documentation of such issues focusesmgineering issues rather than cost impacts, and so can only be
incorporated into models in a genenaly. Again, precise modeling of such constraints would both
require data that are not available and a level of detail in modeling that is inappropriate for the coal
components oNEMS. Most coal distribution models, includilngEMS, have been forced tse an
extremely sirplified coal typology. Perhaps for this reason, explicit recognition of these constraints is
rare in coal distribution model literature, although common in the combustion engineering literature.

e Many issueseferred to coallistributionmodels involve environmental or transportation issues that rest
on plausible modeling of the above constraints; at the same time, data needed to provide detailed
modeling of such issues are not available.

In thisframework, it is qustionablewhether highly detailed approaches to coal distribution modeling can be
rationalized as cosdfficient. One approachould be to constructrmodel that used a simplified classification
structure (six to twelve supply andrdand regions with similar number of coal types and economic sectors)

and treatdemands as imputed contracts, fixed for 20 years, allowing price competition to determine the
distribution of only the marginal component of total demand represented by expired contracts plus demand
growth. A highly efficient, transparent, and simple model would result. However, such a model would not
"fit" into an integrated system such as NEM&tyear-specifioutputsare closely scrutinized, where annual
solutionsare poduced by the integrate@iation of many nmaels, and where State level reporting of potential
policy impacts is required.

The CDShas been constructed to compromise the need for speed and simplicity with the need for detailed
output, while maintaining the capability for adaptatiomtach more detailed studies. The current CDS is the
core component ofish a model, but its current use of contract data is restricted to available data on electric
utility industry long-erm ®ntracts. The CDS imputes no contracts for the nonutility sectors (precisely where
demand is least sensitiveaonual delivered price fluctuation), and imputes no electric utility contracts after
existing onegxpire. Moreover, by the standards of most of the larger linear programming coal distribution
models that have evolved in the last teoatlesthe treatment of coal transportation in the CDS is extremely
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simple and heavily reliant on analytical judgement to set rates for the nonelectric utility sectors that are (1)
plausible, based on survey data describirgeae sectoral deered prices, and (2) that will effect a plausible
geographic pattern of coal distribution. The current methodologies are, however, adequate to produce
regionally aggregated forecasts such as those required fanthml Energy Outloak

As the NEMS system develops, the CDS must be developed to enhance its use of long-term demand/supply
assignments based on price atiter data that transcends annual delivered cost minimization, e.g., contracts
could be imputed on the basis of a combination of annual prices and long-term supply curve slopes. Such
a methodology should be adequate to determine supply/demand relationships in the less price sensitive
nonelectricitygeneration economic sectors, provided that imputed contracts are limited in duration to the 5-
or 10-year lagths typical of these sectors in theal world." Benefits of such an approach include: (1) faster
model execution, since thember of demands that must be solved in each iteration is reduced in proportion

to the inverse of averagepited contact length; (2) moreplausible output as the model begins to encompass
technological and reliability constraints as major decision factors in coal choice decisions; (3) more stable
behavior, a factor of interest in a model which must act as a component of a large integrated system.

The methods reviewed above for addressing coapatation cost issues due to imperfect competition were
developed for study @farticular problems at a level that required simple classification structures. The CDS
must develop a methodology adaptable to many studiemtibaal scale. It can not be assumed that all such
studytopics are foreseeable. It is, therefore, probable that the most efficient approach to use in the CDS, as
it is further developed to provide more detailed coal transportation modeling, will be to provide exogenous
year-specific mximum shares for a set of detailed, multi-modal routes that can be adjusted as required to
explore scenarios saciated with mode- and carrier-specific competition in the model. Detailed description

of transportation routes and modes can be accomplished outsidB®#solution algorithm processes to
maintain model speed. Thise of shares is more transparent and easier to maintain than the development of
mode-specific elasticities. It is questionable whether modakoer-sigcific elasticities can be provided with
adequate factual basis, but it is probable that available data surveys can support the concept of shares. The
use of year-specific shares provides a transparent method of exploring what are, in effect, alternative
hypotheses about intermodal or intercarrier price elasticities of demand. Finally, it is possible to construct
the entire mechmasm cescriptive of routes and shares outside the CDS itself, and use it to develop rate input
for the CDS at a level of detail appropriate to the study at hand. Thus, any detailed description of routes and
shares needot encumber the NEMS system when it isse to develop forecasts, such asAhaual Energy

Outlook that do not require this detail.
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4. Model Structure

The CDS forecasts the quantities of coal needed to meet regionally and sectorally specified coal demands.
It provides the Btu and sulfur content of all coal delivered to meet each deman@D%laéso provides

annual foecasts of minemouth and detixed coaprices by sector and region. Marginal delivered coal prices

by demand sector and sulftontent are provided to the EMM to be used in formulating regional and sector-
specific electricity demands for coal. Additionally, the CDS projects the regional distribution of coal mine
capacity requirements by sector, region, mine type, and coal type based on future utility and nonutility coal
demand. Transportati@osts can be summarized independently by coal supply region, coal rank and sulfur
content, and by transportation mode for regional or sectoral transportation analysis.

The model code of the CDS that performs thesdestis simple in structurepnsisting of ten subroutines, eight
sources ofnput and five output filesThe interaction of these components is outlined below and in the
accompanying flowcharts.

CDS Computational Sequence and Input/Output Flow

The controlling submodule in the Coal Distribution Submodule code is ¢&@8"°" Thefunctions of
subroutine "CDSareshown in Figure 14, which also provides aiphoverview of the operations of the CDS
code as a whole. "CDS" controls four other subroutines:

e "CMAPSR"disaggregatesainands from the regional and sectoral structure used throughout the NEMS
system intahe more detailed structure used within the Coal Market Module. "CMAPSR" is described
in more detail in the discussion of Figure 15. ibyithe first iteration of each forecast year, "CMAPSR"
obtains from theNEMS restart filefuture expectations of nonutility demands and calls subroutine
"CMAPP" to obtain, from the NEMS restart file, futymejections of utility coal demand. The projected
demands also are decomposed into the structure used within the Coal Market Module and are used to
project coal mine capacity requirements in subsequent years.

e "CLTRAN" controls theCDS solution algorithm and contains one of the two portions of the CDS
solution algorithm. The first portion of tiselution process is a shortest path algorithm contained in the
"SWEEP"subroutine called by CLTRAN, while the second portiothefprocess, a heuristic equilibrium
assigment algorithm, is contained within "CLTRAN". During the first iteration of each forecast year,
"CLTRAN" obtains pecewisdinear capaity curves from th&€€PS. The CDS solution algorithm projects
future coal mine capacity requirements based on expectations of future utility and nonutility demands.
"CLTRAN" writes projected capacity by sector, region, coal type, and mine type to the common block
name "CDSCPSP".

e "CPSHR" mapsutput coal prices as they are transmitted to NEMS and to the EMM in particular when
the CMM and EMM are operating in a fully integrated mode. "CPSHR" writes nonelectric utility coal
price output to the commorock name "PQ", and delivered coal prices, sulfur and Btu assignments for
coals assigned to electric utility demands to the common block T@@&LOUT". "CPSHR" writes
prices, sulfurand Btu content for coal meeting utility demands to a physical file named "CLCDS".
"CPSHR" alsowrites diagnostic output to the physical flELDEBUG". Asthe name implies,
"CLDEBUG" contains output describing the iteration-by-iteration output ofGB& that is used in
resolving problems that arise in the operation ofGMM and/or otheNEMS models with which it
interacts.

" To avoid confusion in the following discussion, subroutine and file names are always written in quotation marks, e.g.,
"CLTRAN", "COALOUT".
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Figure 14. Calling Order for CDS Subroutines—Overview
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Figure 15. Functions of Subroutine "CMAPSR"
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e Subroutind’'CBFOUT" calculates Btu conversion factors, an important process since the Coal Market
Module mimics actuahdustry behavior in modeling the mining and shipping of coal in short tons, but
demands are met in terms of least delivered cost per million Btu. This conversion is conceptually
important since production, transportatiand delivery data are required to be reported in both physical
units and itlion Btu. The conversions accomplished in "CBFOUT" are reported to the common block
name "COALOUT".

The subratine "CDS" calls the above subroutines in the same order in which they are discussed above, and
this order is hoored in Figure 14, if that figure is read from left to right. However, the functions performed
by subroutineSCMAPSR" and'CLTRAN" aretoo numerous and complex to show in a single figure. As
shown in Figure 14, the processing functions of these two subrarineach displayed in a dedicated figure:
those for "CMAPSR" in Figure 15. The operations outlined in Figures 15 and 16 are discussed below.

Figure 15 displays the functions of subroutf@MAPSR". Thissubroutine creates the regionally and
sectorally distinct @mands for which the CDS solves. It does not, howprierjtize these demands, nor does

it perform the important step ofadifying the demands to reflect the constraints imposed by existing electric
utility coalcontracts. Both these processes are accomplished by subroutine "CLTRAN", which is described

in association with the discussion of Figure 16. "G3R" reads commdyiock names "PQ" (which contains

the noneéctric utility coal demands) aldEMMOUT" which contains the electric utility demands. The
demand for coal exports is read by "CMAPSR" from the comilock "CDSCES" (whichcontains data

passed by the coal export submodule). The demand shares used to disaggregate demands from the NEMS
demand regiongthe 9 Census divisions) to the DS demandegions are read from the physical file
"CLSHARE".

During the first ieration ofeachforecast yeat, "CMAPSR" obtains from the NEMS restart file for projected
yeart + 2 expected nonutilityemands and callubroutine "CMAPP" to obtain utility demands projected by
the Electric Market Mdule by CDS regionsThe nonutility demands are disaggregated to the regionally and
sectorally distinct demands.

"CMAPSR" writesoutput dscribing the demands it has calculated from the input common block names and
physical files desdved above. Nonutility and utility demand reports, plus a utility demand summary report
are witten to the pisical file "CLCDS". These reports appear at the head of the year-specific detailed CDS
outputthat consists of approximately 15 reports available for each forecast period'@8sdPSR" also
reports to the "CLDEBUG@Shysical file, as shown in Figure 15. Using thregmorts it is possible to determine
exactly what dmandgshe CDS has solved for in a given forecast year, since this output is written before the
CDS solution algorithm is called by the "CDS" subroutine.

The subroutine "CLRAN" controls the order in which regionally and sectorally disaggregated demands are
solved in the sotion algorithm by calling subroutine "CDSINT" which functions to initialize all arrays and
read input data from four physical files. These input units are:

e "CLPARAM"which contains parameters that order the assignment of demands, assign coal type labels
and sectoral names, aprbvide important adjustments to minemouth and transportation prices, as well
as constraininghe types of coal that can be used to fill demands in different economic sectors and
regions. (The contents of "CLPARAM" and other physical input files are described in greater detail in
Appendix A of Part Il of this report.)
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Figure 16. Functions of Subroutine "CLTRAN"
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e "CLNODES" currently contains only supply and demand region name labels.

e "CLRATES" mntains a large matrix efansportation rates defined by economic subsector, coal supply,
and demand regions. These ratesspeified in 1987 dollars, are adjusted to provide rates in the dollar
year used in any run, as well as adjustments specific to the economic sector and forecast years. These
last two adjustments are accomplished by parameters foutf@LPARAM" that are discussed in
Appendix A.

e "CLCONT" contains data definingggregated existing electric utility coal contracts that are assigned to
constrain the selection of coal sources by the CDS solution algorithm. The nature of this input and its
use is also discussed in Appendix A.

Once these physicahits have been read, subroutine "CLTRAN" can formulate a complete demand list, and
also has the infmation required to assign transportation costs based on the coal origin and destination, and
the type of derand being supplied. However, in order to calculate the delivered prices for candidate coal
supplies to meet these demands, "CLTRAN" must obtain information defining the minemouth costs of coal
from the CPS. Thesalues are read from the common block name "CDSCPS" by "CLTRAN". "CLTRAN"
can then call subroutine "SWEEP" which determines the least-cost coal supply sources using a shortest path
algorithm. In effect, the use of the shortest path algorithm in "SWEEP" assigns a preliminary list of supply
sources, or "participas” foreach demand in demalist. Since the process of assignment does not guarantee
an equililsium solution, the equilibrium assignment algorithm embeddetCUTRAN" must be used
iteratively with the shortest path algorithm in "SEBFE to obtain an equilibrium solution. The heuristic rules

and coefficiats defining thenanner in which these two solution algorithm components iterate are discussed
in detail in Appendix B of this report. When interr@DS convergence criteria have beatisfied,
"CLTRAN" writes output describing the coal distribution solution to common block N&D&ECPSP".
"CLTRAN" also calls two subroutines that write the bulltref year-specific detailed reports, that provide the
bulk of written CDS output:

e Subroutine"DEMREP" generates coal demand reports that describe demand, transportation, and
distribution of coal from supply wemand region by economic sector, with fully adjusted transport rate
data provided in both $/ton aBtMMBtu. One of these year-specific reports, the "Detailed Supply and
Price Report,” provides a full description of coal type, demand quaimiityjdual participants, and
minemouth transportation, and delivered costs for an entire run, in the order of ttBR8emand
regions. This is theost detailed report currently available from the CDS, and generally requires 30 to
50 pages per forecast year (divided into 23 regional subreports). Reports generated by "DEMREP" are
written to the physical file "CLCDS".

e Following the production of theethand reports, subroutine "PREIR' generates coal production reports
that describe the quantities of coal produced by coal type from each coal supply curvesinpgdeh
region. Accompanyingroduction quantities in millions of tons are associated minemouth prices. The
definition for each coal type that is assigned to individual coal supply curves defines a sulfur and Btu
category, but values of sulfur and Btu that are specific to each supply curve (and which are taken from
the FERC Form 423re ds0 availableand are used by both the CDS and the EMM to calculate precise
$/MMBLtu prices and sulfur contts (in Ibs sulfur per MMBtu). The coal production reports are written
on physical file "CLCDS".

"CLTRAN" also writes diagnostic output directly to the physical file "CLDEBUG".
"CLTRAN" is executed twice during the first iteration of each forecasttyelrthe first pass, "CLTRAN"
obtains from the common block "G@PSP" the piecewidigear capacity curves developed by the CPS. The

capacity caves, combined with the disaggregated nonutility and utility demands expected in projected year
t + 2, are pocessed by th€DS algorithm to obtain projections of coal mine capacity requirements in
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projectedyeart + 2. The projected capacities are output to the common block "CDSCPSD". In the second
pass, regional and sector demands are reinitialized wuthentdemand values for the forecast ygand
the "CLTRAN" solution algorithm is executed as discussed above.

Key Computations and Equations in the CDS

The CDS FORTRAN code is over 5000 lines in length. Any attempt to summarize it in a few key equations

is likely to seem at least partially arbitrary. Those included in this section have been selected based on
experience gained in over 10 years of documenting and explaining the model's predecessor, the Coal Supply
and Transportion Model (CSTM). The solution algorithm of the CDS is essentially identical to that of the
CSTM,; the heuristic component of this algorithm was a focus oésitan the CSTM, and its key components
(described in greater detail in Appix B of this section of the reporje identified and described and located

below. Equations responsible for minemouth price and transportation rate formation are also identified and
located, as are equations for the total tons of coal required to meet a given demand, and the equation for the
total delivered price of coal to meet a demand. A pair of equations that endogenously specify subsectoral
demand shares for dostie premium metallurgical and blending metallurgisabsectors are also listed below

since they contain coefficients that would otherwise be difficult to locate.

One pair of equations that is nentral to the operation of the CDS solution algorithm is included in this list
because it establishes a subdivision of total domestic metallurgical demand into a "premium" metallurgical
subsector and a "blending" métagjical coal subsector. These equations are the only cases in the CDS code
wheresubsectoral@mandsre estalished by cefficientsembedded in the code, rather than by demand share
arrays read from the "CLSHARIhysical fle, and they are located for the reviewer's convenience. Both are
found in subroutine "CLTRAN" between 6 and 12 lines after FORTRAN statement 310:

"Premium” metallurgical demand = 14 percent of total metallurgical coal demand.
YDL(J) = QDMT1R(K)*0.14
"Blending" metallurgical demand = 86 percent of total metallurgical coal demand.
YDL(J) = QDMT1R(K)*0.86

These statements currently occur near line number 3954.

Some of the most important of these key equations are those that calculate the reference price of coal on a
given supply curveThere are two variations of this equation, one for deep and one for surface mines. Both
are Iccated in subroutinECLTRAN" closely following FORTRAN statement 1015. First the equation
determines whether a deep mine curve or surface mine curve is being priced (coal types numbered 1 through
16 are deep mine curves). Then the code determines the minemouth price from the first and third segments
of the supply curve:

IF (ISVC (I) .LE. 16) THEN
PSRNG (I) = (COFA (13) + (COFB (13)* EXP(COFC(1J,1)*VSCUR(l) [deep mine equation]
**(COFX(1J,1))))) * CSDISC (ISVR (1), IYEAR-1)
ELSE
PSRNG(I) = (COFA (1J) + (COFB (1J) + COFC (1J,1)*VSCUR())
*COFX(1J,1))**0.5) * CSDISC (ISVR (I), IYEAR-1)[surface mine equation]
END IF
ELSE
PSRNG(I) = (BSV (IJ)* VSCUR(I) + ASV(13)) * CSDISC(ISVR(I),IYEAR-1)[1st and 3rd segment]
END IF
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These statements currently occur after line 4232.

Another important equation is the calculation of the fully adjusted transportation rate for a candidate coal
supply. This is found in "CLTRAN" following FORTRAN statement 1500 at or near line 4317:

RS = ODTRATE(L,LY,M)*BSRZR(M,LY)*BTR(CURIYR)

This equabn is very simple since the basic raB)TRATE, isread from an input file, and modified to
approximate the actual difference between minemouth and delivered prices in the base year by the variable
BSRZR, and escalated for transport cost factor input inflation by the year-specific parameter BTR.

Another group of important equations controls theaatiton of the shortest path and equilibrium assignment
subparts of the CDS solution algorithm. Readers may wistmiitiarize themselves with Appendix B, which
provides amathematical description of the solution algorithm and its operation prior to attempting to
comprehend the portion of the code in which this group of equations is found.

The equation defining the number of CD&ations between scessive #rations of the "SWEEP" subroutine,

which contains the shortest pathaaithm is located in "CLTRAN" following FORTRAN statement 1100 on
or about line 4290:

ITST = 60-1C*5

The number of "CLTRAN" iterations between "SWEEP" iterations is constrained to have a minimum value
of 15 on the next code line.

IF (ITST .LT.15) ITST =15

The ratio of the highest participant deligd price to the leest participant delivered price for a given demand
determines whether tf@DS convergence criterfeas been met. The test begins shortly 4@&TRAN"
FORTRAN statement 1510 at or about line 4338.

ZZ=7HI/ZL

IF (ZZ .LT. RATIO) GO TO 1511

RATIO =2z2Z
When the convergence test is not met, a series of conditional tests is applied to control the amount of
participants' coal supplies that must be shifted to lower cost participants. These proportions have been
determined through experience with the current modelCIb8, and its predecessor, tR&STM, which
incorporated a solution algorithm with the same basic structure. These begin, as indicated above, at
"CLTRAN" FORTRAN statement 1511, and can be enumerated as follows (readers may wish to refer to
Appendix B, and, more specifically, Table Bet a better understanding of the functions of these equations).
Current high priced participant or low priced participant matches previous participant:

IF (JH.NE.JTPH(J) .AND. JL .NE. JTPL(J)) SDL (J) = SDL(J)=*1.01
"CLTRAN", after FORTRAN statement 1511, at or about line 4353-4353.

Both current high priced participant and current low priced participant match previous participant:

IF (JH .EQ. JTPH(J) .AND. JL .EQ. JTPL(J)) SDL(J)=SDL(J)*1.5
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"CLTRAN", after FORTRAN statement 1511, at or about line 4354,

Previous high priced participant is i@mt low priced participant gorevious low priced participant is current
high priced participant:

IF (JL .NE. JTPH(J) .AND. JH .NE. JTPL(J)) SDL(J) = SDL(J)*0.95
"CLTRAN", at FORTRAN statement 1515, at or about line 4357.

Previous high priced participant is@nt low priced participant artevious low priced participant is current
high priced participant:

IF (JL .EQ. JTPH(J) .AND. JH .NE. JTPL(J)) SDL(J) = SDL(J)*0.5
"CLTRAN", after FORTRAN statement 1515, at or about line 4359.

Both curent high piced participant and current low priced participant are different from both previous high
and low priced participants: in this case no equation is required since there is no required change in the
fraction of the participant supply volume, i.e., this is the default setting for the algorithm.

A maximum value of SDL(J), set at 0.10 is set@LTRAN" following FORTRAN statement 1511, at or
about line 4355:

IF (SDL(J) .GT. 0.10) SDL(J) = 0.10

The default setting of SDL(J), 0.05, is determined in "CLTRAN" between FORTRAN statements 355
and 377, and is repeated in four conditional Ifestants tied to the afse conditions (at or about current code
lines 4028, 4039, 4051 and 4061).

SDL(J)=0.05

Another pair ofequations in the same section of "CLTRAN" discussed above where the four conditions and
their associated participation shifts (located betWe®RTRAN statements 1511 and 1525) defines the
tonnages of coal actually suppliedtbg high and low cost participants in any demand job. The first defines
the tonnage assigned to the high cost participant, while the secomes dieé tonnage assigned to the low cost
participant:

1525 TIJL(JIH,J) = TIIL@IH,J) - (DTIL(IH,J) * SDL(J))
TIILEIL,J) = TIILIL,J) - (DTILEL,J) * SDL(J))

Still another pair of equations determines the Btu conversion used to convert demand in trillion Btu to tons
of coal. In general, the nied simply applies the million Btu per tonigeed to the supply curve in question,

which is an inputeceived from the Coal ductionSubmodule. However, in the case of metallurgical coals,

an arbitrary ssignment of 26.80 millioBtu per ton is used. The reasoning behind this technique is that EIA
collects no data defining the actual Btu per ton for metallurgical coals (energy content is not, in any case, a
significant determinant of the economic quality of metallurgical coals, which are priced bas#teon
criteria). For many years, EIA's Office of Coal, Nuclear, Electric, and Alternate Fuels has estimated the Btu
content of bituminous metallurgical coals at 26.80 million Btu per ttmeiAnnual Energy ReviewThe CDS

uses this estimate to convert demands in the three affected subsectors: "Premium" and "Blending" domestic
metallurgical coals and "Premium" export coals (which represent metallurgical exports). The equations in
guestiorare bund insubroutine "SWEEP" between FORTRAN statements 1210 and 1215, at or about lines
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5260 - 5264. The etallurgical sectors are identified by their numerical indices of 5,6 and 7 in the list of 23
subsectors in the CDS.

IF(M .GE. THAN 5 .AND. M .LE. 7) THEN
X=QDL(J)/26.8

ELSE

X=QDL(J)/RSBTU(I)

END IF

One further equation may be ofdrest. The equation determining the total delivered price, 'P', is necessarily
found in both "SWEEP" and "CLTRAN". In "SWEEP" it is found between FORTRAN statements 1210 and
1215 immediatelyollowing the statement of the transportation price equation, at or about lines 5270 and
5271.

UFO = ODTRATE(L,LY,M) * BSRZR(M,LY)*BTR(CURIYR) [fully adjusted transport rate]
P = (UFO + PSRNG(I)) * X [final price]

Note that the presence of the Btu conversion factor, 'X', as a multiplier indicates that the final delivered price
is here being awverted from the $/million Btu version used in the solution algorithm to the $/ton version
printed in most of the CMM output reports.

An equivalent version of thasie equigon is faund in "CLTRAN" shortly before FORTRAN statement 1803
(at or about line 4480). In this case, however, the final delivered price is stated in $/million Btu:

TOT = ODTRATE(L,LY,M)*BSRZR(M,LY)*BTR(CURIYR)+PSRNG(I)
And again in "CLTRAN" between FORTRAN statements 1705 and 1710:
UFO = (ODTRATE(L,LY,M)*BSRZR(M,LY)*BTR(CURIYR)+PSRNG(I))

Multiple versions of the tot@rice equation occur because, in the cases cited above, the "SWEEP" algorithm
must usehe total delivered price to determine the least cost participants (example 1), and "CLTRAN" must
use the same price in testing whether delivered price equivalence among participants to a given demand job
is sufficient to meet the CD®mvergence criteria (example 3). In the second case, the code section containing
the total deliered price is calculiag the tdal value of coal exports as the product of quantity exported times
delivered price at the port-of-exit.

CDS Transportation Rate Methodology

The choice of methods in modeling transportation isgtyainfluenced by the need to find a method that can

be easily maintained (because rapid scenario turnaround time is a design requirement), but that can provide
detailed, route-specific descriptions of competitiorctmal transportation. Moreover, the pattern of delivered
prices produced in the model for historioahgs nust not disagee withdelivered price data published by EIA,

and the methodology adopted must not slow the model's execution time when operating in integration with
the entire NEMS modeling system. Coal transportation rates are known to vary by the route-specific degree
of competition, as well as by the value of the coal transported (or, as it sometimes phrased, by the end use
sector to which it is transported), and by the annual volume transported. The variation in rates by its value
or by the end use sector to which it is transported need not be interpreted as discriminatory pricing by the
carriersnvolved, since dferenttypes and deges ofcare in handling may be required depending on the end-

use technology involved. As examples, the distribution of delivered coal by size categories and moisture
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content are critical variables for many end-use technologies, and most coal must be chemically protected
against freezing during the winter in northerly regions.

In order to understand the methodology adopted, it is necessary to understand the data sources available and
the constraints imposed by the limitations of those sources. An important constraint is that the model's
sectoral and regional delivered prices for coal in historical years should not contradict EIA's published data
for those years. Where rates are generated from sample data, or any source that is not a census or survey of
the total relevant population, the representativeness of the sample must be statistically demonstrated.

EIA's available sources can be broken into three categories: those providing data on delivered coal prices by
economic sector and sathose providing data on minemouth coal prices by state, and those providing data
on rates by origin, transport mode(s), and destination.

The first category is the richesEIA conducts annual surveys of delivered coal prices by in the domestic
industrial steam and coking coal consuming sectors. Coal receipts, consumption, changes in stocks (all in
short tons), and coal expenditures are reported by about 900 industrial coal consumers BIAF8ym
"Quarterly Coal Consumption Report - Manufacturing Plants." The same data is reported by approximately
three @zen consumers of coking coal on the Form EIA 5, "Coke Plant Report”. The price of coal delivered
to over 400 coal fired electric powadants is provided by the Form FERC 423, "Monthly Report of Cost and
Quality of Fuels for Electric Plési', which also provides the source and quality (Btu, ash and sulfur content)

of the coal received. The last datieprice for coal exports at the port-of-exit is recorded on the Form EM-
545, a Census Bureau form that records coking and steam coal exports by coal rank, tonnage and value.

Data from all these sources can be used tputerionnage-weighteaerage delivered prices for coal in each

of the CDS' 23 demand regions. Similarly, tonnage weighted average minemouth price data from the Form
EIA 7A, "Coal ProductiofiReport" is used to provide average minemouth prices for each coal supply region.
Thus, foreach demand sector@éach demand region, and for each contributing supply region, the difference
between minemouth and delivered coal prices can be calculated by subtraction. Because there are many
combinations of combinations of economic sector and regitimotiemand side, and of coal type and region

on the supply side, the variance around the average price values within each supply/demand group tends to
be relatively small.

The only alternave source for transportation rates that is availablelfoat the current time is the Form

FERC 580, "Intrrogatory on Fuel and Energy Purchase Practices.” This form is a biennial survey of investor-
owned utilities selling electricity in interstate markets and having generation capacity in excess of 50 MW.
This form provides carage of minemouth prices, freight charges,, coal sources and destinations (by plant),
shipping modes, transshipment char@ieany) and distances covered. While this coverage is excellent in
principle, the FERC 580 provides little useable information for a number of reasons. First, the limitation to
investor owned utilities means that a number of significant coal using utilities, most notably the Tennessee
Valley Autharity, are not covered. Second, the biennial coverage means that the most recent available
information isusually at least two years out of date, a serious disadvantage when the rapidity of rate change
in recent years is considered. Third, much of the most interesting data is withheld as proprietary, including
almost all ate information on transportation contracts that are not tariff based, i.e. the morgostent
Staggers Act contracts that are of most interest in modeling. The FERC 580 is thus not a census or universal
survey, and the rate data it contains isrbitrary sample of national rates containing little or no useable data

for many supply/demand region pairs although in other cases it may provide rate data for over half of all
electric utility coaltaffic. Findly, the FERC 580 prodies no data whatever for the industrial steam or export
steam sectors, and can provide no useful rates for shipments in the domestic and export coking coal sectors
where origins and destinations, coal handling requirements, and typical shipment and contract volumes are
quite diferentfrom those in steam coal consumption sectors. Give the large percentage of Form FERC 580
data that is withheld as proprietary, the mostipetive use of the form is its description of the geography for

a fairly large proportion of the routes used in the electric utility sector. However, this data has not yet been
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exploited by the CDS since the NEMS did not provide coal route arsghtnd mode description in the Annual
Energy Outlook 1994.

Given that base year trgportation dferentials can bealculated accurately from EIA and FERC survey data,

two practical problems remain to $&lved. First, the model must have a method for adjusting transportation
prices so that delivergatices remain correct in the historical years as changes in demand shift the burden of
supply across supply regions and supply curves. Second, the transportation rates used must be adjusted
throughout the forecast period to account for escalation/de-escalation due to changes in factor input costs.

The need for the first adjustment stems from the CMM's place as a component in a system of models, with
demands being generated by other models. In the case of electric power demands for coal (over 80 percent
of total demand) the total quantity and distribution pattern of the demand received is a function not only of
the coal prices received by the electric power model, but of the prices of alternative fuels, and constraints of
existing contacts in the CDS. As, say natural gas prices, or general macroeconomic assumptions are shifted,
demands shift from one supply curve to another, and - since minemouth price is a function of quantity
demanded - delivered prices tend to rise and fall proportionately, violating historical values for
regiondsectoral prices in historical years. A parameter in the params input file named "BSRZR" is used to
adjust transpuation rates so that the combination of minemouth and transportation rates is close if not
identical to the historical delivered price. As the demand received shifts coal sources to ditfepint

regions angsupply curves, the transportation rate multipliers in the parameter "BSRZR" lose their ability to
produce the historical delivered prices, and must be recomputed to produce transport rates that equal the
historical deliered prices minuthe minemouth prices produced in that model run. This is accomplished by

an off-line program named "BSRZR.FOR.TEST".

The seconddjustment, escalation/de-escalation throughout the forecast period, is accomplished by another
parameter, "BTR". Ais parameter has the form of a year-spesiector with a single rate multiplier for every

year in theforecast period. Usually, the most recent year for which historical data is available has the
multiplier 1.0000 and all otheegrs are calculatedtivreference tahat base; the base year may be other than

the mostecenthistorical year incases when that year appears economically abnormal. The annual values of
"BTR" arecomputed off-line based on a composite cost index that includes projected values of the $/gallon
diesel fuel price and changes in a variety of costs including labor, materials and supplies, equipment rentals,
purchased services, deprdéica, interest, taxes and other expenses. The basis for this composite rate escalator
is a series of railroad related cost indices obtained from the Association of American Railroads.

The assumption underlying this escalator is that changes in transpodvertéisne will reflect changes in
transportation costs over time. This assumption is thdteguished from the assumption that inter-regional

or inter-oute diferences in ratest a given timewill reflect inter-regional or inter-route differences in costs.

As explained elsevdre inthis documentation, the bulk of imfoed opinion denies that the single year pattern

of rates, especially railroad rates, is strongly cost relatéa iabsence of inter-carrier competition. However,

this method ofrate escalation assumes that the general pattern of relative prices will be escalated at
geographically uniform rate nationally, although that rate may differ from year to year. The pattern itself is
that demonstrated by the reported structure of minemouth and delivered prices in the base year.
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Appendix A

Inventory of Input Data, Parameter Estimates, and
Model Outputs

Input: Data Requirements
Input to the CDS is read from six input data files. These files and their contents are listed below.

6005PRJ.COAL.CLRATES.<scenario>.<datekey> . This file condins the basic coal transportation rates used

in the CDS. Thénput data are in 1987 dollars, organized as subsets of 23 rates (one for each economic
subsector inthe model). These subsets are indexed into 368 groups representing the possible supply and
demand region pairs in the model. At the left hand side of the file, the regional two letter abbreviations are
shown, with the gpply region on the left and the demand region immediately to the right. Rates are
differentiated only for the major sectors, so that in eadiset of 23, a residential/commercial rate is followed

by 3 industrial subsector rates, 2 metallurgical subsector rates, 3 export subsector rates, 12tiétgctric
sector rates and a synthetic fuel sector rateer®¥ghpply/dmand region pairs are economically very unlikely

(i.e., there is naistoricalrecord or currentrospect of coal moving between these two regions), dummy rates

of 999.99 are entered.

6005PRJ.COAL.CLSHARE.<scenario>.<datekey> . This file contains rational numbers used to create
demand shares thdistribute demands received at the Census division level of aggregation over the 23 CDS
demand regions. The shares are organized in 10 columns representing the Yi@si@os plus a 10th
column reserved inase it is decided to model California as a separate region. The CDS demand regions are
represented by the rows. The first 23 rows contain rational numbers used to disaggregate
residential/commercial demads. The semnd 23 rows contain the shares for industrial demands. The third set
of 23 rows contain the shares for metallurgical demands.

This set of 69 rows isrimediately followed by an array representing supplies of imported coal in millions of
tons. This input imdexed by Census division, CDS demand region, and by the sector to which the demand
pertains (i.e.'1"= Electric Utility imports, "2"= Industrial imports, ant3"= Metallurgical imports). Each
indexed group contains 26 numbers, one for each year in the model's forecast horizon.

Following thisarray is one w#h 23 rows and 3 columns mdtional numbers. These assign industrial demands
to the three industrial subsectors in the CDS for each CDS demand region.

The next array is the FERC Fod#23 electric utility demand for 1990 indexed by number (and alphabetic

code) to the 23 CDS demand regions and the 13 National Electric Reliability Council Regions. The 12 rows
represent the 12 CDS coal types used for electric udityathidgfrom left to right these are PC+BC, PD+BD,

PM+BM, PH+BH, SC, SD, SM, SH, LC, LD, LM, and LH). This array is repeated twice with slightly varying
numerical entries, and these repetitions represent the same data for 1991 and 1992. These arrays have been
used in test runs of the CMM and to calibrate the model to historical demand patterns.

6005PRJ.COAL.CL EXPOR.<scenario>.<datekey> . This file contains the export demands received from the
Coal Export Submodule. Each grouglefmands contains 26 numbers representing annual demands for coal
exports in trillion Btu. These groupave three indices at the left. From left to right these indices are (1) the
CDS demand region, (2) the economic subsector to which they pertain ("7"= premium &gfxortégh

sulfur steam coal exports and "9" = low-sulfur steam coal exports), and (3) the CDS coal group from which
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supplies may berawn. (The organization of "coal groups" is explained below in the discussion of the
"CLPARAMS" input file.)

6005PRJ.COAL.CLCONT.<sce nario>.<datekey> . This file contains data describing existing electric utility

coal contracts. The information is organized similarly to the above inputs in groups of 26 numbers, each of
which expresses the sum of contract demands specific to a supply region, demand region, and coal type for
a given year. Oimspection it will be seen that these demands (they are expressed in trillion Btu) decline to
zero before th&6th year. Theseantract demadsareindexedfrom left to right, by line number, cds demand
region, coal type, and supply region.

6005PRJ.COAL.CLNODES .<scenario>.<datekey> . This file contans labels for coal distribution origins and
destinations, that is, two-letter and full alphabetic designations for the supply and demand regions in the
model.

6005PRJ.COAL.CLPARAMS.<scenario>.<datekey> . This file contains 11 arrays and vectors. They are
described and identified in the order of theiregspnce. Thérst array is named "COAL" and contains labels
for the CMM coal types.

The next array is a parameter named "BSRZR" that is usdplitbteansportation rates by demand region and
economic sectorThese adjustment factors are indexed at the le@D$ demandegion number. Each

indexed group of 23 represents éinay ofsubsectors in the CDS@inning with the Residential/Commercial
subsector anetminating with the synthetic fuel subsecttBSRZR" is produced by an off-line program that

uses historical delivered prices and minemouth prices generated by the CPS to determine the transportation
rate adjustment that will provide therat ddiveredprice in the base year of the forecast period (1990 in the
Annual Energy Outlook 1994

"BSRZR" is bllowed by "Sector", acdumn vector of alphabetic labels for the 23 economic subsectors in the
CDS. "Sector", in turn, is followed by a pair of row vectors, "IFED" and "ISEC". "IFED" assigns the 23 CDS
demand regions to the 9 Census divisions, while "ISEC" assigns fiB23conomisubsectors to the 6
NEMS economic sectors (Residentiali@oercial, hdustrial stam, Industrial metallurgical, Exports, Electric
Utility, and Synthetic fuels).

These vectors are followed by an array defining a parameter A&@&HJR", which isindexed with the
demand region numbers and their two-letter alphabetic abbreviati®l @NUR" assigns coal groups to
residential/coimecial, industrial steam, and metallurgical coal economic subsectors which are represented,
in that order, by the first six columns of integers. These values are followed by three columns of rational
numbers, the demand shares Ilgyae for the thee irdustrial subsectors. (The identical set of shares is found

in the CLSHARES input file and is described above.)

"KCNUR" is followed by a pair of vectors defining transportation cost escalation trends during the 26-year
forecast horizon. These are named "BTR" and "BTW" and representtivebpe@il and water transportation

cost escalators. Since thereat version othe CPS does not distinguish between coal transportation modes,
only the first vector, "BTR", is in use.

"BTR" and "BTW" are éllowed by another parameter, "CSDISC", which is used to adjust minemouth prices
to reflect regional labor productivity changes during the forecast period. "CSDISC" is indexed by the two-
letter alphabetic code abbreviatidosthe 16 CMM coal supply regions, with each group containing a value
for each of the 26 forecast horizon years.

"CSDISC" is followed by another parameter used to assign coal groups to the 12 electric utility sectors
assigned toemands by coal type. Thiagameter, KCUR", is indexed by demand region, but the coal group
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assignments do not vary among the regions. The first 12 coal groups defined are always agbigeed to
economic subsectors, so that the "KCUR" array is simply the integers 1 through 12 repeated 23 times.

The parameter "ICSETblows "KCUR", and it is used to define the 3@aktgroups currently in use. "ICSET"

is indexed by the number of theal group being defined, and lists the numbers of the coal types assigned to
each goup. The identity of the coal types in the coal group can be obtained by referring to the first array in
the CLPARAMS file, "COAL",which lists the names of the coal types. By starting at the upper left hand
corner of"COAL", and counting across the row and to the right, then starting at the left hand side of the
second row and counting to the right, etc., 32 coal types are identified. The integer numbers defining coal
groups in "ICSETare idatical to these numbers. Coal groups serve to limit competition between coal types
in the model and are used to represent ttaitem and regulatory limiteons on substitution of different coals

in the different economic sectors and demand regions.

The last parameter in the CLPARAMS file, a row vector named "ISUL" assigns the 4 sulfur levels to the 32
coal types.

Listing of Parameters and Variables in the CDS

Table A-1. Parameter List for CDS (source: CDS)

NCOALTYP=32

Number of coal types

NCSET=22 Number of coal sets available
NCUTSET=12 Number of coal utility sets
NFYRS=26 Number of forecasted years

NINTJOBS=600

Maximum number of intermediate demand jobs

NMAXCTRK=600

Maximum number of contracts

NMAXCURV=300

Maximum number of supply curves

NMAXDJOB=900

Maximum number of demand jobs

NMAXEXPT=40

Maximum number of export demands

NMAXPART=20

Maximum number of participants per demand job

NMAXSTEP=4000

Maximum number of curve steps

NSREG=16

Number of coal supply regions

NTOTDREG=23

Total number of demand regions

NTOTSECT=23

Total number of demand sectors

NUTSEC=12

Number of utility sectors
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Table A-2. Variables for Common Block CDSCOML1 (source: CDS)
CPSBF Total minemouth price in 1987 $/ton
CQEXP Total export demand in trillion Btu
CQSBFB Coal production by CDS supply regions in million Btu
CQSBFT Conversion factor for coal production in million Btu/ton
CSIMP Coal imports (sector 1=utility, 2=industrial)
PDIN1R Industrial delivered price in 1987 $/million Btu
PDMT1R Metallurgical coal delivered price in 1987 $/million Btu
PDRCI1R Residential/commercial delivered price in 1987 $/million Btu
PDUTZR Utility delivered price by utility sector in 1987 $/million Btu
QDIN1R Industrial demand in trillion Btu
QDMTIR Metallurgical coal demand in trillion Btu
QDRCIR Residential/commercial demand in trillion Btu
QDUTZR Utility demand by utility sector in trillion Btu
BTUTZR Btu conversion factor for utility sectors in million Btu/ton
SOUTZR SQcontent for utility sectors in Ib/million Btu
IMPBTU Import total in trillion Btu by census divisions
IMPTON Import total in million tons by census divisions
IMPBTUC Import total in trillion Btu by CDS demand regions
IMPTONC Import total in million tons by CDS demand regions
TONN Import tonnage in million tons
EDYRS Export demand in trillion Btu
IEDR Demand region index for export sector
IEDZ Demand sector index for export sector
IEDC Coal set index for export sector
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Table A-3. Variables for Common Block CDSCOM?2 (source: CDS)

RSBTU(NMAXCURYV) Btu content in million Btu/ton
RSULF(NMAXCURY) Sulfur content in Ib/million Btu
VSCUR(NMAXCURYV) Production by supply region/coal type
PSRNG(NMAXCURY) Minemouth price in 1987 $/ton
USV(NMAXSTEP) Upper limit before step invoked
BSV(NMAXSTEP) Slope of supply curve segment
ASV(NMAXSTEP) Y-Intercept for supply step

DSYRS(NMAXCURV,NFYRS)

Depletion amount by supply region/coal typel/years

PD40(NTOTSECT,NDREG)

Coal price for all demand sectors in 1987 $/million Btu

BT40(NTOTSECT,NDREG)

Coal Btu conversion factors for all demand sectors

SO40(NTOTSECT,NDREG)

Coal SO content for utility sectors in Ib/million Btu

QDL(NMAXDJOB)

Coal demand per demand job in trillion Btu

SDL(NMAXDJOB)

Shift factors for QDL (see immediately above)

DTIL(NMAXPART,NMAXDJOB)

Coal demand requirement by coal type in million tons

TIJL(NMAXPART,NMAXDJOB)

Coal assigned by coal type in million tons

YDL(NINTJOBS)

Intermediate demand list used for merge in trillion Btu

CDYRS(NMAXCTRK,NFYRS)

Utility contract demand in trillion Btu

EDYRS(NMAXEXPT,NFYRS)

Export demand in trillion Btu

BSRZR(NTOTSECT,NDREG)

Rail route multipliers

BTR(NFYRS)

Network rail rate multiplier

BTW(NFYRS) Network water rate multiplier
XC(NCSET) Contract demand in trillion Btu
XT(NCSET) Utility demand in trillion Btu
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Table A-3. Variables for Common Block CDSCOM?2 (Continued)

XCH(NCSET)

Sum of contract demand indexed by coal set (trillion Btu)

XTH(NCSET)

Sum of utility demand indexed by coal set (trillion Btu)

IMPBTU(10,3,NFYRS)

Import Btu quantity totals in trillion Btu

CSDISC(NSREG,NFYRS)

Productivity adjustment factors

FRADI(3,NDREG)

Fraction for three industrial sectors

QIND(2,NDREG)

Industrial demand (1=exist, 2=new)

IMPTON(10,3,NFYRS)

Import tonnage totals in million tons

TONN(10,3,NFYRS)

Import tonnage in million tons

NODES(5,600)

Node names

SECTOR(3,NTOTSECT)

Sector name

TITLE(20) First title

TITLE2(20) Second title

COAL(NCOALTYP) Coal type code

SUPRGN(NSREG) Supply region

DEMRGN(NTOTDREG) Demand region

ISVR(NMAXCURYV) Supply region index

ISVC(NMAXCURY) Coal type index

KSVND(NMAXCURYV) Pointer to last active supply step
KCLR(NMAXCURV) Linked-list pointers to supply curves by coal type
MCLR(NCOALTYP) Top of the list for KCLR
IDLR(NMAXDJOB) Index of demand region by demand job
IDLZ(NMAXDJOB) Index of demand sector by demand job
IDLC(NMAXDJOB) Index of coal sets (groups) by demand job
IDLCNT(NMAXDJOB) Contract line number

JTPH(NMAXDJOB) Index of highest cost route
MTJ(NMAXDJOB) Number of routes for job

KXT(NMAXPART,NMAXDJOB)

Pointer to active route for demand job

ISTI(NMAXPART,NMAXDJOB)

Index of supply region by route and demand job

ICSET(NCSET,NCOALTYP)

Coal set indices

JTPL(NMAXDJOB)

Index of lowest cost route

ICSR(NMAXDJOB)

Contract supply region

KCNUR(6,NDREG)

Indices of coal sets for nonutility demands

IYLR(NINTJOBS)

Index of intermediate demand list region

IYLZ(NINTJOBS)

Index of intermediate demand list sector

IYLC(NINTJOBS)

Index of intermediate demand list coal set
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Table A-3. Variables for Common Block CDSCOM?2 (Continued)

ICD(NMAXCTRK) Contracted demand region

MDLZ(NMAXCTRK) Index of contract sector

ICS(NMAXCTRK) Index of supply region for contract
ICC(NMAXCTRK) Index of coal set for contract

IEDR(NMAXEXPT) Demand region index for export sector
IEDZ(NMAXEXPT) Demand sector index for export sector
IEDC(NMAXEXPT) Coal set index for export sector
KCUR(NUTSEC,NDREG) Indices of coal sets for utility demands
ISUL(NCOALTYP) Coal type sulfur

IFED(NTOTDREG) Converts CDS demand region index to census division index
ISEC(NTOTSECT) Converts demand sector index to IFFS sector index
NDRX Number of demand regions

NNCSET Number of coal sets

Energy Information Administration/ Model Documentation: Coal Market Module

155



Table A-4. Variables for Common Blocks for CPS/CDS (sources: CPS and CDS)

CDS_RECORDS

Number of records in the file for the CDS

CDS SR Numeric region code used in CDS file
CDS DR Numeric demand region code (CDS file)
CDS CT Numeric coal type code (CDS file)

CDS DS Numeric demand sector code (CDS file)
CPS_NCUR Number of supply curves for CPS

CPS_REG(300)

Numeric region codes for CPS

CPS_CTYPE(300)

CDS numeric codes for coal types

CDS_QTY

Coal shipments in million tons

CPS_YINT1(300)

Y-Intercept for the first segment of the supply curve

CPS_SLOPE1(300)

Slope for the first segment of the supply curve

CPS_PEND1(300)

Production at the end point of the first segment of the supply curve

CPS_SURCAP(300)

Production at the endpoint of the second segment of the supply curve

CPS_RINTER2(300)

Constant in the supply curve

CPS_RMULT(300)

Coefficient in the supply curve

CPS_NMCUTIL(300,3)

Exponentl in the supply curve

CPS_MCUTILX(300,3)

Exponent?2 in the supply curve

CPS_YINT3(300)

Y-Intercept for the third segment of the supply curve

CPS_SLOPE3(300)

Slope of the third segment of the supply curve

CPS_PEND3(300)

Production at the end point of the supply curve

CPS_LPROD(300)

Labor productivity

CPS_BTU(300)

Average Btu content for the supply curve in million Btu/ton

CPS_SULFUR(300)

Average sulfur content for the supply curve in Ib/million Btu

P _RECORDS Number of records in capacity file for the CDS
P_SR(2000) Numeric supply region code for capacity used in the CDS
P_DR(2000) Numeric demand region code for capacity (CDS file)
P_CT(2000) Numeric coal type code for capacity (CDS file)
P_DS(2000) Numeric demand sector code for capacity (CDS file)
P_QTY(2000) Coal capacity in million tons
P_ISVR(300) Supply region index for capacity
P_ISVC(300) Coal type index for capacity
P_KSVND(300) Pointer to last active capacity step
PWL CURV Total number of capacity curves
PWL REC Total number of capacity curve steps
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Table A-4. Variables for Common Blocks for CPS/CDS (Continued)

P_USV(4000)

Upper limit of capacity before step invoked

P_BSV(4000)

Slope of capacity curve segment

P_ASV(4000)

Y-intercept for capacity step

P_BTU(300) Average Btu content for capacity curve in million Btu/ton
P_SULFUR(300) Average sulfur content for capacity curve in Ib/million Btu
FIRSTFLG Flag to control sequence of capacity calculations

Table A-5. Variables for Common Block CDSSHR (source: CDS)

CDSIN(NDREG,MNUMCR)

Industrial sector share factors

CRSIN(2,MNUMCR)

Industrial type fractions (1=existing, 2=new)

CDSRC(NDREG,MNUMCR)

Residential/commercial sector share factors

CDSMC(NDREG,MNUMCR)

Metallurgical coal sector share factors

CDSUT(NDREG,12)

Utility sector share factors

NERC(NDREG)

NERC index

Table A-6. Variables for Common Block CDSFMGR (sources: CPS and CDS)

IUNIT Unit for WRITE statement
IUNITDB Unit to WRITE to the debug file
IUNITDS Unit to WRITE to the CDS file

FILE MGR File manager
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Table A-7. Variables for Coal Module Output Common Block (source: CDS)

COTN_TM(MNUMCR,MNUMYR)

1 Coal transportation ton-miles

COPRCLQ(MNUMCR,MNUMYR)

2 Supply of coal liquids

COPRCLG(MNUMCR,MNUMYR)

3 Supply of coal gases

COIM(MNUMXR,MNCLTYPE,MNUMYR)

4 Coal exports

COIMP(MNUMXR,MNCLTYPE,MNUMYR)

5 Coal export prices

COCCLQ(MNUMCR,MNUMYR)

6 Delivered costs of coal liquids

COCCLG(MNUMCR,MNUMYR)

7 Delivered costs of coal gases

COSUPC(MNUMXR,MNCLTYPE,MNUMYR)

8 Coal supply curves

COELPRC(MNUMNR,MNUMYR)

9 Utility coal price

CLSYNGPR(17,MNUMYR)

10 Coal synthetic natural gas price

CLSYNGQN(17,MNUMYR)

11 Coal synthetic natural gas guantity

CQSBB(3,MNUMYR)

12 Coal production (East,West Miss,U.S.) in trillion
Btu

CQSBT(3,MNUMYR)

13 Coal Btu conversion factor for production in
million Btu/ton

CPSB(3,MNUMYR)

14 Coal minemouth price in 1987 $/ton

CQDBFT(MNUMCR,6,MNUMYR)

15 Coal conversion factor for Consumption in millio
Btu/ton

CQDBFB(MNUMCR,6,MNUMYR)

16 Coal consumption in trillion Btu

CELNR(NDREG,MNUMYR)

VLS bituminous coal price by CDS regions in 1987
$/million Btu

PBDELNR(NDREG,MNUMYR)

LS bituminous coal price by CDS regions in 1987
$/million Btu

PBMELNR(NDREG,MNUMYR)

MS bituminous coal price by CDS regions in 1987
$/million Btu

PBHELNR(NDREG,MNUMYR)

HS bituminous coal price by CDS regions in 1987
$/million Btu

PSCELNR(NDREG,MNUMYR)

VLS subbituminous coal price by CDS regions in 1
$/million Btu

PSDELNR(NDREG,MNUMYR)

LS subbituminous coal price by CDS regions in 19
$/million Btu

=

087

PSMELNR(NDREG,MNUMYR)

MS subbituminous coal price by CDS regions in 19
$/million Btu

PSHELNR(NDREG,MNUMYR)

HS subbituminous coal price by CDS regions in 19
$/million Btu

PLCELNR(NDREG,MNUMYR)

VLS lignite coal price by CDS regions in 1987
$/million Btu

PLDELNR(NDREG,MNUMYR)

LS lignite coal price by CDS regions in 1987 $/millig

Btu
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Table A-7. Variables for Coal Module Output Common Block (Continued)

PLMELNR(NDREG,MNUMYR)

MS lignite coal price by CDS regions in 1987 $/milli
Btu

DN

PLHELNR(NDREG,MNUMYR)

HS lignite coal price by CDS regions in 1987 $/milli
Btu

BBCELNR(NDREG,MNUMYR)

VLS bituminous coal Btu factor by CDS regions in
million Btu/ton

BBDELNR(NDREG,MNUMYR)

LS bituminous coal Btu factor by CDS regions in
million Btu/ton

BBMELNR(NDREG,MNUMYR)

MS bituminous coal Btu factor by CDS regions in
million Btu/ton

BBHELNR(NDREG,MNUMYR)

HS bituminous coal Btu factor by CDS regions in
million Btu/ton

BSCELNR(NDREG,MNUMYR)

VLS subbituminous coal Btu factor by CDS regiong
million Btu/ton

n

BSDELNR(NDREG,MNUMYR)

LS subbituminous coal Btu factor by CDS regions i
million Btu/ton

=

BSMELNR(NDREG,MNUMYR)

MS subbituminous coal Btu factor by CDS regions
million Btu/ton

>

BSHELNR(NDREG,MNUMYR)

HS subbituminous coal Btu factor by CDS regions
million Btu/ton

=]

BLCELNR(NDREG,MNUMYR)

VLS lignite coal Btu factor by CDS regions in millior]
Btu/ton

BLDELNR(NDREG,MNUMYR)

LS lignite coal Btu factor by CDS regions in millio
n Btu/ton

BLMELNR(NDREG,MNUMYR)

MS lignite coal Btu factor by CDS regions in million
Btu/ton

BLHELNR(NDREG,MNUMYR)

HS lignite coal Btu factor by CDS regions in million
Btu/ton

SBCELNR(NDREG,MNUMYR)

VLS bituminous coal sulfur factor by CDS regions i
Ib/million Btu

=

SBDELNR(NDREG,MNUMYR)

LS bituminous coal sulfur factor by CDS regions in
Ib/million Btu

SBMELNR(NDREG,MNUMYR)

MS bituminous coal sulfur factor by CDS regions in
Ib/million Btu

SBHELNR(NDREG,MNUMYR)

HS bituminous coal sulfur factor by CDS regions in
Ib/million Btu

SSCELNR(NDREG,MNUMYR)

VLS subbituminous coal sulfur content by CDS
regions in Ib/million Btu

SSDELNR(NDREG,MNUMYR)

LS subbituminous coal sulfur content CDS regions
Ib/million Btu

n

SSMELNR(NDREG,MNUMYR)

MS subbituminous coal sulfur content by CDS regi
in Ib/million Btu

Table A-7. Variables for Coal Module Output Common Block (Continued)
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SSHELNR(NDREG,MNUMYR) HS subbituminous coal sulfur content by CDS regipns
in Ib/million Btu

SLCELNR(NDREG,MNUMYR) VLS lignite coal sulfur content by CDS regions in
Ib/million Btu

SLDELNR(NDREG,MNUMYR) LS lignite coal sulfur content by CDS regions in
Ib/million Btu

SLMELNR(NDREG,MNUMYR) MS lignite coal sulfur content by CDS regions in
Ib/million Btu

SLHELNR(NDREG,MNUMYR) HS lignite coal sulfur content by CDS regions in
Ib/million Btu

Table A-8. Variables for Coal Module Report Common Block (sources: CDS and CES)
us Total number of export demands
EXPQTY(MAXDEMD,MNUMYR) Demand in trillion Btu
EXPCST(MAXDEMD,MNUMYR) Cost in dollars per million Btu
CDRE(MAXDEMD) Demand region index
CDSE(MAXDEMD) Demand sector index
CDGR(MAXDEMD) Demand coal group index

Output and Composition of Reports
Current output from the CDS falls into three categories:

o From CDS generated data, the NE8Stem crrently gereratedour reports in the NEMS table array
(Tables 10, 71, 72, and 79).

L An output file (&6005PRJ.@@AL.CLCDS.<scenarie.<datekey) that currently contains 17 year-
specific detailed reports. These reports are intended for use in model diagnosis, calibration and to
provide detaileautput for special studies. This group of tables is still under development and is
planned to total 31 reports when complete. Only those currently operational are reviewed in this
appendix. For diagrstic purposes, the reports in this file may be generated for each iteration of the
CDs.

L A second file contains output showing the performance o8 fortran codand is used for
diagnostic purposes (&6005PRJ.@.COAL.CLDEBUG.<sceraritatekey.

NEMS Tables from the CDS

Prices and quantities produced by @S occur throughout the NEMS tables. However, the bulk of CDS
output is reported in four NEMS tables dedicaetirely to coal: Tables 10, 71, 72 and 79. These reports are
organized to show selected NEMS coal quantities and prices for each year in the forecast period. Table 10,
"Coal Supply, Disposition, and Prices" shows:
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° Production east and west of the Mississippi River and the national total in millions of short tons
° Imports, exports, and net imports, plus total coal supply in millions of short tons

° Sector consumption for the residential/commercial, industrial steam, industrial coking, and electric
utility sectors plus total domestic consumption in millions of short tons

° Annual digrepancy (inkuding the annual stoahange, which in coal can exceed 25 million tons per
year)

. Average minemouth price in dollars per ton (the dollar year is provided)

o Sectoral delivered prices in dollars per ton for the industrial steam, industrial coking, and electric
utility sectors, and the weighted average for these three sectors

o Average free-alongside-ship price for exports, i.e., the dollar-per-ton value of exports at their point
of departure from the United States.

Table 71, "Domestic Coal Supply, Disposition and Prices by Case,"” occurs in a national version (where it
repeats the consumption, delivered price and discrepancy numbers for the domestic coal consuming sectors
that areshown in Table 10) and in nine regional versions for the Census divisions. In addition to sectoral
consumption and price$ii$ table shows the regional origin of coal consumed in the Census division for six
aggregated supply regiomdorthern and Southern Appalachia, the Interior, the Northern Great Plains, Other
West and Non-Contiguous. Impaosie dso shown foeachCensus division, so that the total of domestic and
import supply adds total coal supply. Neither the national nor Census division versions of Table 71 show
exports.

Table 72, "Coal Production and Minemouth Prices By Region," provides annual summaries of national
distribution from thesame aggregated supply regions used in Table 71, plus subtotals for five subregions:
"Appalachia”, "Interior", "Western", "East of the Mississippi River", and "West of the Mississippi River". In
the lower half of the table, minemouth prices are shown in dollars per ton for the same regions and subtotals

Table 79, "NEMS Regional CoBroduction," provides a detailed report of regional production (Appalachia,
Interior, and Western Production) by coal rank (Bituminous, Subbituminous, Lignite) and sulfur level (low,
medium, and high). This report allows the reader to track production shifts throughout the forecast period,
summarizing theesponse of the Coal Market Module to shifts in demand as a result of the Clean Air Act
Amendments of 1990.

Other outputs from the Coal Distribution Submodule occur in a numbeEDTS tables. National coal
production, consumption, amctports are reported in quadrillion Btu in NEMS Table 1, as is the minemouth
price of coal in dollars per ton (Table 10). Annual energy consumption for the Residential, Commercial,
Industrial (both industrial steam and coking consumption are shown) and the Electric Utility sector in
guadrillion Btu are shown iNEMS Table 2. Table gives delivered coal prices for these same sectors in
dollars per million Btu. NEMS Table 96 shows Banversion rates for coal production (east and west of the
Mississippi River, and the national average), and for coal consumed in the dorNEE sectors
(Residential/Commercial, Industrial, Coking, and Electric Utility).

Single Year Detailed Reports from the CDS
These detailed reports begin with three summaries of the demands received by the CDS for each sub-sector

and region. Thse demands, shown in trillions of Btu, are indexed to botEEfregion and Census
Division in which they occur by region number. These summaries are divided into a single-page report for
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the non-electric utility sectors, a single-page report for the 12 electricity sub-sectors that represent different
coal Btu and sulfur coal tegories, and a single-page report summarizing electric utility demands by region,
coal rank category, and coal sulfur level.

The nonutility demand report is structured as follows, reading the columns from left to right:

L Census division index number, repeated to allow separate indexing of each CDS demand region in
each Casus division, with subtotals feach Cesus division; the CDS demand region index humber

L Residential/Commercial demands, by region

o Demands for the each tife three industrial demand subsectors are listed in three columns; then the
total industrial @mand is listed in a fourth; the fifth colurfor industrial demand contains the import
supplies that have been subtracted from industrial demand

o Demands for the two metallurgicglbsectors are listed with the subtotal for both subsectors and the
import supplies that are subtracted from metallurgical demand

° Export demands for the three export subsectors and the subtotal for all export demands

o Total of all nonutility demand.

The Nonutilty Demand Report is immediately followed by the Utility Demand Report, again indexed by
Census diviemn andCDS demandegion with subtotals by Census divisioHere the columns represent
demands irach of the 12 electric powdility sectors thaare keyed tandividual coal types. (The Electricity
Market Moduledoes not distinguish between coals of "P" and "B" Btu content, so that all such demands are
listed as "B" coal demand.) In comparing the demands in this report with the supplies provided (which can
be traced inthe Detailed Supply and Price Report discussed below), it should be noted that electric power
demands for, say, "BM" coal can be met by lower sulfur coals if it is less expensive to do so.

The Utility Demand Report is followed by the Utility @mary Demand Repomyhich provides demand totals

by region for bituminous, subbituminoasd lignite coals, and for low, medium, and high sulfur coals. Only
coals of "C" or "Compliance" sulfur level—less than or equal to 0.6 Ibs sulfur per million Btu—are reported
as low sulfur coals. Similarly, only coals'#" or "High" sulfur content—greater than 1.67 Ibs sulfur per
million Btu—are teated as high sulfur coal. The remaining two sulfur categories, "D" and "M" are reported
as medium sulfur coal.

The next report, the CDS Detailed Supply and Price Report, describes each demand met by the model in the
year described arghowseach articipant that contributes to the supply for every demand. It shows the coal
shipped teeach demand gach participant in millions of short tons. The demands are shown in millions of
short tons and trillion Btu. This report also contains the adjusted minemouth price for each participant, the
origin of the coal shipped, the type of coal shippedilam@ssociated transportation rate. Average prices and
total quantities are provided for the major sectors in each demand region. This report is 35 to 50 pages in
length, depending on the year and scenario reported.

Following the Detailed Sygty and Price Report, coal distribution is shown in a series of spreadsheets where
rows represent demand regions and columns supplyisegieach of these reports is three and one-half pages
in length and reports, feachsupply/@mandregion pair, the tonnage shipped and the minemouth, transport,
and delivered prices in dollars per million Btu. Currently, these reports are operational for the industrial,
export, and utility sectors and for total coal distribution.
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These reports are cuntéy followed by aspreadsheet "Total Transportation Report." As currently formatted,
this report shows only the tonnage shipped and the transport rate in dollars per ton. It is planned to modify
this report to show the ratdsazged for transport between the regions for each major sector. All rates in this
report will be reported in dollars per ton.

The distribution spreadsheets are followed by three single-page regional summary production reports. The
first shows regional production and minemouth price (in millions of short tons and dollars per ton,
respectively) by mine type. The second shows the same items by coal rank, while the third shows them by
coal sulfur level.

These summary reports are followed by the Detailed Coal Production Report, showing the production,
minemouth price, total energy content and Btu conversion factor for all supply curves used in the reported
year. The report is formattedgbow the sulfuand ash levels also, but these have not been programmed into

the report at this date. This report, which is five and one-half pages long, is also formatted as a spreadsheet,
with the coal types shown as rows and the supply regions as columns.

The Detailed Production Report is followed by the Census Division Report, which shows sectoral statistics
by Census digion and for the Nation. The statistics reported are production in millions of tons, demand in
trillion Btu, and the sectoral average Btu conversion facidre minemouth, transportation, and delivered
prices areshown in dollars per ton, and the detedprice is also shown in dollars per million Btu. No prices

are shown for imported coal since it is not priced in the model.

Threemore summary reports follow the Census Division Report. These show the dollar-per-million-Btu
deliveredprice, Btu conversion factor, and sulfur content of coal shipped to the utility subsectors. These
reports are primarily of interest in diagnosing problems between the CMM and EMM, since, in effect, they
provide aconcise summary of data reported more extensively in other reports. These reports have the same
format as the Utility Demand Report described above.
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Appendix B

Detailed Mathematical Description of the Model

Introduction

The general objectives f&EDS design have been overall simplicity and flexibility. These have been
approached through adoption of simple classification structures and avoidance of detail which does not
support modeling of policy issues. Functional capabilities may be added to meet emerging NEMS
requirements without exceeding NEMS execution time requirements. The solution method used in the coal
distribution model of thdHFSsystemthe Coal Supply and Transportation Model (CSTM) has been retained

in the CDS because:

° It is fast enough to me®EMS execution time requirements even after addition of new model
functions forNEMS; the advantages of using, for example, one of the newer, very fast linear
programming algorithms might not be fully realized given the size of the problem addressed by the
CDS with its simplified classification structures.

o The CDS receivasonlinear input (most notably, capacity utilization—sensitive supply curves from
the CPS), and this input cannot be linearized without significant expense and delay.

o The operating propges of the existing algorithm are well understood: it performs without "corner"
solutions, converges reliably, and has few operational problems.

° In its current form it is sufficiently stable to allow use of its most detailed output in topical studies.
While this will provde more detail than most NEMS uses require, such capability obviates the need
to maintain and operate a more detailed model.

General Approach

The problem addressed by the CDS is to find the combination adréelivices of coal and the matrix of coal
shipments, or distribution, that will satisfy at minimum cost a fixed set of coal demands, given minemouth
price functions (supply curves), transportatiosts, and predetermined contract and coal group assignments.
The minimum cost solution implies a pattern of coal supply, or production, coming from each of the coal
supply regions by coal type. This production, in turn, determines the minemouth price of coal through the
supply curves. Transportation comts asumed fixed during a given year, but are adjusted exogenously over
the forecast horizon using transport cost escalation adjustments. The solution algorithm is heuristic, and is
specified in the following sections.

To clarify discussion of th€DS solution algorithm it is helpful to introduce two terms: "demand job" and
"participant.” A "demand job" is a demand specific to an economic sector in a particular demand region, for
example, the demand for premium coking coal in western Pennsylvania. The CDS satisfies such a demand
job by developinghe least-delivered-cost combination of coal sources, where each source is represented by
a minemouth pricfrom asupply curve) and a transport cigim ashipmentoute). For example, total costs

for the demand job might be minimized by selecting one or more coal source/route combinations from both
Northern and Central Appalachia. Each such individual "shipment" combining a particular supply curve with

a particular coal transport route is a "participant.” A demand job is allowed up to 20 such participants in the
current CSTM. More than one source/route combination may be needed because all minemouth prices vary
directly with tonnage produced since all supply curves are upward sloping and continuous, but their rate of
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increase variesith the slope oéachindividual supply curve. Thus, even where transport costs are identical,
the costs of dfierent coals mined in the sasgpply region and dekred tothe same demand region may vary
significantly.

The CDS approachdhe problem of simulating coal distribution by seeking to reach an equilibrium of
deliveredprices for all participants in each demand job. The formal conditions for completion of the CDS
solutionare that the diwered prices of each participant in a demand job be equal and that no delivered price
can be lowered by shifting sources of supply or transport modes. These conditions are formally equivalent
to minimizing the total delivered cost of cdal.

The subparts of the CDS solution method include both heuristic and exact algorithms. The objective of the
solution method is tmeet the formal conditions for completion within a prescribed tolerance. The solution
algorithm is adecomposition approach in the style of Dantzig-Wolfe insofar as it consists of: (1) a master
problem of balancing supply andrdand on, and recosting ekisting routes, and (2) subproblems of finding
least-cost solutions given prices supplied by the master prdblem. Each subproblem is solved rigorously,
since the shortegiath algorithm finds the least-cost participants, given the fixed prices supplied by shifting
and recosting in the master problem. The master probkenivisd heuristically, using rules for shifting route
participation that have gved efficient in reaching convergence over a decade of use in the Coal Supply and
Transporation Model. Since the sum of a route's transportation and minemouth costs is increasing and
continuous as quantityethanded increases, it is todected that shifting participation in small increments

will eventually reach equilibrium. The combination of a shortest path algorithm wigtgudkbrium
assignment algorithm is a technique developed for freight network equilibrium models in the®®970's.

Variable Definitions

S = a set of supply sources, where each source is a type of coal producepiya
region.

F = million Btu/short ton of coal from source i.

P, = supply curve for soce &S. The units for theupply curve are million Btu produced
and $/million Btu minemouth pricé§!

D = a set of demand jobs, wherach job is an amount of coal Btu that must be satisfied
(for the purpose of this discussion it is assumed that all coal types may satisfy all
demands§®?

%Energy Information AdministratiorGoal Supply and Transportatiddodel: Model Descriptiorand Data Documentation
DOE/EIA-0401 (August 1983), Appendix D.

9See, for example, Donald P. Gayver and Gerald |. Thompsogramming andProbability Models in Operations Research
(Wadsworth, 1973), Section 5.3.

1B ronzini, Michael S., "Evolution of a Multimodal Freight Transportation Network MoBeateedings - Twenty First Annual
Meeting, Transportation Research Forudol. XXI, Number 1 (Philadelphia, PA, 1980), pp. 475-485.

1%1The minemouth price for coal produced by source i is the sum of a nonlinear, continuous, and increasing fuessioe of
depletion and a nonlinear, continuous, and unbounded functimmefcapacity utilization at source i. For a detailed discussion of
the formulation of the minemouth prices used in the NEMS Coal Market Module, the reader should refer to the documentation for the
Coal Production Submodule.

192Thjs is not actually thease. Constrainexogenous to the solution algorithm ensure spatific demands can be noetly by
suitable coals. Methodology employed to simulate the limited intersubstitution potential of different coals is discussed in Chapter 3.
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R; = a set of transport routes connecting supply source i to demand job j. Each member
keR; denotes a route from a supply region to a demand region using a specific
transport mode.

T = a transport cost assated with a route connecting supply source i with demand job
j by transport mode m.

Qijm = the amount of coal shipped from source i to demand job j via transport mode m, in
millions of Btu. Similarly, Q is the amount produced at sous& and 9) is the
amount of coal mined at source i and demanded for job j; g is the continuous form
of the quantity variable introduced for purposes of integration.

Since a demand jainay be satisfied by coal drawn from more than one supply source and such coal may be
shipped bymore than one transport mode from single or multiple sources, and since more than one demand

job may drawcoal from a given supply source and/or use a specific transport route and mode, the volume
shipped, in tons, may be written ag,V  where:

Viim = ) ) ) (Qijm/Fi )
ieS jeD meR; 0}
Mathematical Specification and Objective Function
In the CDS, the market is assumed to operate in such a way that:

° Each demand job activates a new particiganty if the delivered price in $/million Btu for that
participant is lower than the prices for all other participants.

° The CDS continues to iterate until the delivered price of coal for all participants in a job is equal
(within prescribed tolerance limits described later in this section).

Representing the final equilibriurprice on demand job j by, E, these conditions may be expressed
mathematically, as follows:

[Pi(Q)+Tjm (Vi /F)I-E = O (ieS, D, meRy)  (2)

{PQ)ATjm(Vin/F)I-E}Qim = 0 (ieS, D, meR;) 3

The obijective function for the CDS can now be written as:
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Minimize:

Q
z = {X [ R(@dgy Y Q+# X )3 Tijm }Qjm =0
ieS 0 ES jeD ieS jeD meR; (4)
Subject to:
Y Y Qijm = Q jeD
ieS meR; (5)

(The quantity demanded equals the quantity mined and shipped),

) ) Qijm = Q i€S
jeD meR; (6)

(The quantity mined equals the quantity shipped and demanded),

y Qim =Q i€S, D
meR; (7)

(The quantity shipped equals the quantity mined and demanded).

The equivalence of this price equilibrium approach to the optimization approach can be shown. First it can
be shown that price equilibrium is a necessary condition for equation (4). Associate the Lagrangean
multipliersm;, ¥;, andw; with constraints (5),(6), and (7) respectively. The necessary conditions associated
with the variables Q, Q , and,Q are then as follows:

Q:R@Q@W = 0 8
Q twy = 0 )
Qim * Tijm (Vjm )1~y =0 (10)

(Tim Vi) =75 -0 @ )Qn = 0 (11)

Using (8) and (9) to eliminat@ andw; in (10) and (11), conditions (10) and (11) are seen to be equivalent
to the mathematical statement of price equilibrium given in (2) and (3) above.

This solution is not unique. A solution exists because the supply curves are unbounded; their convexity
guarantees that that solution is uniguéne objective of th€DS is tofind a set of production levels and
volumes on transportation routes that satisfy (2) through@&gabThe discussion above shows that the price
equilibrium approach of the CDS is equivalent to minimizing total system cost, and, therefore, the solution
is a global optimum and equivalent tbreear programming solution of the same problem. A linear program
would execute theparticipation shift" that makes the greatest contribution to attaining the global minimum
cost solution (i.e., over aledhand jobs), themake the shift with the second greatest contribution, and so on.
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In the CDS's participatioshifting algorithm, all demand jobs' delivered costs are concurrently reduced until
further improvements are impossibfé.

Solution Technique
The overall flow of the CDS algorithm is shown in Figure B-1; the main parts are summarized below

° Costing Catulations Minemouth prices for each coal supply curve are computed at the prevailing
production levels. For the firseiation, thesprices are effectively the y-intercept of the coal supply
curves. Transportation costs are given.

° Shortest Path Algorithm and Least Cost Participant Identificatibhis algorithm determines the
least cost supply source for each participant given prevailing production volumes. Transportation
costs to aiven demand region from all supply regions are added to each minemouth price for each
coal type thaineets the givenatinand group. The lowegilue for a demand job is found. The result
is the least cogtarticipant for each demand job. The process is repeated for all demand jobs. In the
first iteration, the demand job receives all of its supply from the least cost supplier. In subsequent
iterations a portion of the demand is shifted from the highest cost to the lowest cost supplier.

L Equilibrium Assignment AlgorithnFor each demand job, the lowest and the highest cost active coal
sources andutesare idatified and compared, and a "shift ratio” is calculated for each demand job.
The shift ratio is the price of the highest cost participant divided by the price of the lowest cost
participant in the demand job. The CDS retainsrtagimum shift ratio over all demand jobs. When
the maximum ratio is greater than some predetermined value (say 1.01), then a new set of costs and
participant shifting is computed. If the ratio is less than that value, then the model has reached
convergence for that iteration.

The overall solution method has two pathways embedded ifihié recosting and shifting pathway is a
heuristic procedure fanoving small amounts of coal on each demand job in the direction of delivered price
equilibrium. The shortest path algorithm is an exact solution to finding the least cost source/route for each
demand region. In discussing the overall method, some additional notation will be required.

%The above discussion Heeen adapted to the CDS solution algorithm from Energy Information Administr@bah Supply and
Transportation Model, Model Descriptiand Data DocumentatighAppendix D., TheoreticaBasis of theCSTM Algorithm"
(Washington, DC, Augus®B3), pp. 173-176. See also: LeBlanc, L.J., E.K. Morlok and W.P. Pierskalla, "An Efficient Approach to
Solving the Network Equilibrium Traffic Assignment Problefitansportation Researciolume 9 (1975), pp. 309-318 and Eash,
R. W., B.N. Janson and D.E. Boyce, "Equilibrium Trip Assignment: Advantages and Implications for Préacisportation
Research Recoyé 728 (Washington, DC, 1979), Passenger TravetBstingTransportation Research Board, NAS/NRC Commission
on Sociotechnical Systems, pp. 1-8. As discussed elsewhere, coal carriers enjoy route-specific market power over delivered coal prices.
The CDS must be able to model such power where it is significant, but can not assume its ubiquity. Since there are thousands of routes
in use annually, endogenous route-specific modelling is not practical given NEMS performance and maintenance requirements. The
CDS therefore treats transport casting input base-year datacalatedhrough theforecast period usingxogenously prepared
escalators for carrier- or route-specific analysBse default option employsase year average mode-specific inter-regional costs
computed as the difference between minemouth and delivered costs as determined on annual surveys such as the Forms EIA-3A, -5A
and -7A, and the FERC Form 423, escalated using standard cost factors. Equation (4) implies that coal consumers are monopsonists
with respect to coal producelsjt not withrespect to coal transporters. This monopsony power is limited by imperfect foresight in
estimating mid-term demar{ds in thewo World Warsand the mid-1970s), by demand inelasticity due to technical limits on coal
intersubstitution and by regulatory changes. Consumers may choose to limit the use of monopsony power through contract terms or
other policies in order to reduce their decisionmaking costs (by ensuring more reliable service).
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Figure B-1. CDS Solution Algorithm: Overall Flow
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Notation

= Coal source, a supply region
Demand region

Coal type

Coal group

Transport mode

= Demand sector

Sg—x——
1

"Coal Type" refers to a range of coal quality defined by coal heat content and sulfur content limits; "coal
group" is a list of one or more "coal types" that may be used to satisfy a given demand. Insupghal

curves each represent tpgantity of a specific coal type available in a given coal supply region. Coal types
are grouped to represent engineering and regulatory limitations on the inter-substitution of different coals.
The coal groups may be modified periodicallyetitect éher changes in technological constraints or changes

in EIA information concerning the regional market shares of different technologies. Such changes do not,
however, affect the way in which coal groups are used in the model.

Input Variables

D.

jln

Coal demand in demand region j for coal group | and demand sector n (a demand
job). The coal group specifiesliat of acceptable coal types. In general, this
specification will define the maximum sulfur content and minimum Btu content
required to meet that demand. More than one coal type may meet the requirements
of a given coal group. Since supply regions usually contain both surface and deep
mine supply curves for a given cogbe, a region often has two sources of the same
coal type, with different minemouth prices at any level of demand.

f(S,) = Coal supply function relating the priceanfal type k in supply region i to supply, or
production, of that coal.

Timn = Transportation cost from supply region diemand region j and demand sector n by
transportation mode m.

Cijmn = Specified contract quantity of coal group | from supply region i to demand region j
and demand sector n by transportation mode m. The coal contracts in the CDS are
existing electric utility comécts, as determined from the descriptions of coal origins,
destinations, coal quality and quigntand contract expiration dates as described on
FERC Formgt23 and 580. After these contracts expire, the pattern of coal supply
to meet demand is @gtmined by delivered cost minimization as constrained by the
coal groups.

M, = Minemouth price of coal type k in supply region i.

Output Variables

Pimn = delivered price of coal dfpe k from supply region i tdemand region j and demand
sector n by transportation mode m.

Sk = supply of coal type k in supply region i (the quantity of coal on a supply curve).
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Qikmn = shipments of coal type k from suppdgion i to demand region j and demand sector
n by transportation mode m (a participant).

Other Variables Used

LG, = price of the least cost supply/transport source of coal of group | to demand region j
and demand sector n

Ain = quantity of @mand moved from the highest cost supplier to the lowest cost supplier
during the participant-shifting algorithm

F = a set of fractions used in the participant-shifting algorithm to comgute

Rin = the ratio of the price of the highest cost supplier to the lowest cost supplier,

computed during the CDS convergence test

Step 1: Cost Calculations

The first step in the CDS solution algbm is to compute the matrix of all delivered prices of coal of a given
type from each supply region to each demand region and sector by each transportation mode:

P. = Mik + T.

ijkmn ijmn

where

M = f(Si)

Minemouth pricesare a function of the quantity supplied. In the first iteration, the minemouth price is
calculated assumingzaro vdume of supply for all producers (i.e., the minemouth price is the y-intercept of
the supply function). In subsequestdtions, if a positive supply of coal type k from that region is required,
the price is an increasing function of supply. Transportation costs are fixed within a given year.

During the fist iteration, contracts must also be matched with demand. Demand must match the contract in
terms of demand region, demand sector, and coal group. Since each contract has a price associated with it
from the costing calculations, the algorithm determines the least cost contract to meet matching demand.
Under the simplifying assumption that there is only one contract that meets each demand.

Qikelmn = Ciimn for each matching demand wherg, C< D, for all i and m

Qijkelmn = Dy, for each matching demand wherg,C ;» D foralliand m
When the costing calculations are complete, a test is applied to determine which of the two solution method
pathways to use next.
Step 2: Test for Use of Shortest Path Algorithm
Since the shortest path algorithm requires more computer time than the recosting of supply sources and

transportation routes, it iggormedonly for selectedterations. Use of the shortest path is forced on the first
iteration of each model run, since the participation shifting algorithm (which is required for convergence),
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depends othe presence of costed participants created by the shortest path algorithm. The number of model
iterations between subsequent executions of the shpatbsalgorithm is determined each time the algorithm
is executed as:

ITST = 60 - (5 *IC)

wherelC is the total number of new least cpatticipants generated by the last execution of the shortest path
algorithm. A minimum value fdTSTis determined (it is currég set at 15) so that participation shifting and
recosting will move the CDS toward equilibrium before the shortest path algorithm determines if new least
cost participants have arisen. If no new participants havetesad IC = 0), the number of iterations before

the next computation of the shortest path algorithm is 60. This formula proved to be efficient in the Coal
Supply and Transportation Model; it will be modified as dictated by experience with the CDS.

Step 3: Shortest Path Algorithm

The shortest path algorithm is initialized prior to the thiggion of coal demand. The values used to compute
initial minemouth prices are the y-intercepts of the coal supply curves.

Route- and mode-specific transport prices for a zero volume of coal supply are known based on the cost
calculations inStep 1. Now thalgorithm finds the least cost participant, or source/transport mode
combination, that will meet each demand for a given coal group in a given demand region and sector.

I—len = min (Rjkmn)
i,kel,m

The least cost coal is found by examining each coal supply/transport mode combination that has a coal type
matching the coal types in the coal group.

Step 4: Determining Shipment Quantities

The CDS now assigns the shipments of coal from each least cost participant to the given demand. For non-
contract demads (and unfulfilled dmand in the case where atoiéng contract is less than the given demand
requirement), quantities are computed for each least cost participant. In the first iteration,

Qjkelmn = Dijn

for the least cost participant. In the second and subsecauiatioits, ithere is more than one participant (i.e.,
if new least cost participants are found in Step 3) a portion of demand is shifted from the highest cost to the
lowest cost participant.

Ajin = Di, @ F
The highestcost participant decreases its shipments.pgnd the lowest cost participant increases its
shipments by, thus bringing delivered prices closer together. F is a set of "rule-of-thumb" fractions based

on changes in the participant set for each demand job. The members of F will be determined by
experimentation; the current set in the CSTM is given in Table B-1.
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Table B-1. CSTM Participation Shifting Rules for Determining Fraction of Demand to be Shifted from
High-Cost to Low-Cost Coal Participants

Test Description of Change in Fraction
Used Condition Shifted®
JH = JTPH, or Current high route or SDLJ=SDLJj*1.01
JL =JTPL, current low route

but not both

JH = JTPLand

JL = JTPH,
JH = JTPL; or
JL = JTPH,

but not both

JH = JTPLand
JL = JTPH,

All tests above

matches previous

Both current high
route and current low
route match previous

Previous high route is
current low route, or
previous low route is
current high route

Previous high route is
current low route, or
previous low route is
current high route

Current low route and

SDL,=SDL *1.5

SDL =SDL*0.95

SDL =SDL*0.5

No change in

are failed current high route are fraction
both different from
both previous high and
low routes
Note: Variable definitions

JH = current high-cost route on job

JL = current low-cost route on job

JTPH; = previous high-cost route

JTPL, = previous low-cost route

SDL, = fraction to be shifted from current high-cost route to current low-cost route

4SDL, has a maximum value of 0.1.
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After participant-shifting is completed, a test for convergence is performed. The ratio of the price of the
highest cost participant to the price of the lowest cost participant for each demand job is formed.

high cost low cost

len

I:)ij,kel,mn Pij,kel,mn

The maximum ratio over all demand jobs is found.

RATIO = max (R,)
jin

If RATIO is greater than the predeténed convergence criterion, then the algorithm moves to Step 2 to find

a new set of least cost participants RKTIO is equal to or less than the convergence criterion, then the
iteration is complete, and the solution is in equilibrium. Formeual Energy Outlook 199%he value of

RATIO is compared to 1.02. If RATIO is less than Xd@2four successive iterations, the solution is assumed
complete. Otherwise, the model proceeds to the next iteration. Experimentation will be performed with the
CDS for the model developer's report to determine the most appropriate convergence criterion and iteration
minimum.

Step 5: Computation of Coal Supply

If convergence has not yet occurred, the model now computes supplies of coal of type k freapphch
region i, given the shipments assigned in Step 4.

Sk =Z X X Qumn
i m
n

Next the model returns to Step 1 to compute a new matrix of delivered pricgadthenew supply
requirements determined in this step.
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Appendix D

CDS Model Abstract

Model Name: Coal Distribution Submodule

Model Acronym: CDS

Description: United States coal production, national and international coal transportation industries.
Purpose: Forecasts of annual coal supply and distribution to domestic markets.

Model Update Information: December 1994

Part of Another Model:

o Coal Market Module
° National Energy Modeling System

Model Interface: The model interfacesitlv thefollowing models: within the Coal Market Module the CDS
interfaces with the Coal Export Submodule and the Coal Production Submodule. NEMS), the CDS
receivesindustrial steam and metallurgical coal demands fromNB®#S Industrial Demand Module,
residential demands from tiNEMS Residential Demand Module, commercial demands from the NEMS
Commercial Demand btlule, and electricity sectoehands from thREMS Electricity Market Module. The
CDS also receives macro-economic variables from the NEMS Macro-Economic Activity Module.

Official Model Representative:

Office: Integrated Analysis and Forecasting
Division: Energy Supply and Conversion
Branch: Coal, Uranium and Renewable Fuels Analysis

Model ContactRichard Newcombe
Telephone: (202) 586-2415
Documentation:

o Energy Information Administratioriylodel Documentation, NEMS CoRlstribution Submodule
December 1993.

o Energy Information AdministrationComponent Design Report, Coal Distribution,” Revised Draft -
1/19/93.
. Energy Information AdministratiorQverview of the Coal Market Module of The National Energy

Modeling SystemApril 1992.

Archive Media and Installation Manual: CDS95 -Annual Energy Outlook 1995
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Energy System Described by the ModelCoal demand distribution at various demand regions by demand
sector.

Coverage

Geographic: United States, including Hawaii, Puerto Rico, and the U.S. Virgin Islands.
Time unit/Frequency: Annual forecasts for 1990-2015 period (26 years).

Basic products involved: Bituminous, subbituminous and lignite coals in steam and metallurgical coal
markets.

Economic ®ctors: Forecasts coal supply to 1 Residential/Commercial, 3 Industrial, 2 domestic
metallurgical, 3 Export, and 13 Electric Utility subsectors (a synthetic fuel subsector is present but not
operational in the CDS) to 23 domestic demand regions.

Special Features

All demands are exogenous to the CDS.

Supply curvegthere are 202) depicting coal reserve base are exogenous to CDS and are reported in
the CDS from 16 coal supply regions.

CDS currently contains no descriptive detail on coal transportation by different modes and routes.
Transportation modeling consists only of sector-specific rates between demand and supply regions
that are adjusted annually for factor input cost changes.

CDS output includes tables of aggregated odgpUNEMS system and approximately 20 single-year
reports providing greater regional and sectoral detail on demands, production distribution patterns,
and rates charged.

Coal imports are treated as a static input that is subtracted from demand before solving the CDS.
Imports are reported to NEMS and detailed in some single-year reports.

CDS reports minemouth, transport and delivered prices, coal shipment origins and destinations (by
region and economic sub-sector), coal Btu and sulfur levels.

Modeling Features

182

Structure: The CDS uses 202 coal supply curves representing 28 typeal @roduced in 16 supply
regions. Coal shipments to comsrs are represented bynsporation rates specific to NEMS sector

and supply/demand region pair, based on historical differences between minemouth and delivered
prices for such coal movements. In principle there are 1,840 such rates for any forecast year; in
practice there are lessmce many rates are economically infeasible. Coal supplies are delivered to up
to 22 demand sectors in each of the 23 demand regions. A 23rd demand sector for synthetic fuel
demands exist ithe CDSclassification structures, but is not currently used. A single model run
represents a single year, but up to 26 consecutive years (1990-2015) may be run in an iterative
fashion. Currently the NEMS system provides demand input for a 20-year period (1990-2010).

Modeling Technique: The model develops a disaggregated dentiahffom theNEMS demand

models and conversion models for the residential/commercial, industry and electric utility sectors,
and from the NEMS Coal Market Module's Coal Export Submodule (g.v.) for export coal demands.
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This listcontains between 600 and 800 demands—referred to as "demand jobs"—depending on the
forecastyear and scenario. Least cost coal source/route combinations (minemouth costs plus
transportation costs) from each supply region to each demand region for each demand job are
identified by a shortest path algorithm. An heuristic equilib assignment algorithm is used to shift
fractions of demand toward lower cost goa/ibutecombinations—called "participants." The second
algorithm is required because mining costs vary directly as a function of volume mined. The CDS
iteratesthe shortest path algorithm after recosting the participants and repeats the heuristic
"participation shifting" algorithnantil convergence criteria for the equality of delivered costs across
participants in each demand job are met.

Model Interfaces:

— The NEMS residential, commercial, and industrial models provide demands for those sectors,
while the NEMS Electricity Market Module provides demands for the electricity generation
sectors. The Coal Export Submodule of the NEMS Caak&t Module provides demand for the
coal export sector. ThEDS provides coal production, Btu conversion factors, minemouth,
transportation and deliveredsts for coal supplies to meet these demands to the NEMS system.

— The CDS interfacesith the CoaMarket Module's Coal Export ®unodule to receive coal export
demands.

— The CDS interfacesith the CoaMarket Module's Coal Prodition Submodule to receive supply
curves that specify the minemouth price in relation to the quantity demanded. In turn, the CPS
receives pyduction quantitiesdm the CDS that are used to determine mine capacity utilization
percentages for each supply curve and to decrement the coal reserve base (to prevent remining
of reserves already depleted in a previous iteration).

Input Data:

— Physical:
—— Demand shares by sector and regi¢h) residential/commercial (trillion Btu);
(2) industrial stam coal (ilion Btu): (3) industrial metallurgical coal (trillion Btu); (4)
import supplies (millions of short tons)

—— Coal supply/transportation camtcts: (1) coal supply regions; (2) coal demand regions;
(3) coal quality (Btu and sulfur content); (4) contract annual volumes (trillion Btu); (5)
contract expiration dates (forecast year)

—— Coal quality data for supply curvegl) million Btu per short ton; (2) Ibs. sulfur per
million Btu

—— Coal quality specifications for regional subsectdexhands in electricity generation and
other sectors

— Economic:
——  Supply curves relating minemouth prices to cumulative production levels

—— Transportation rates:(1) 1987 dollars per short ton; (2) specified by subsector, differ
by sector; (3) differ also by supply and demand region pair
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—— Transportation rategcalation factors: (1) exogenous; (2) based on estimates of factor
input costs (laborpkl, etc.); (3) used to escalate and de-escalate transportation rates by
forecast year

—— Minemouth price adjustmentét) can be made by supply region and forecast year; (2)
currently used only by forecast year; (3) used to adjust for productivity change

—— Transportation rate adjustment$l) can be used by demand sector and demand region;
(2) derived from off-line program that subtracts base year minemouth costs from
delivered costs reported in Forms EIA-3 and -5, BERC Form423 to produce
transport rate, calcalles ratio between model rate and rate from forms, preserve ratio as
model parameter; (3) used to calibrate rates in model

— Ecological: none

Data Sources

— Form EIA-3, "Quarterly Coal Consumption Report, Manufacturing Plants"

— Form EIA-5, "Coke Plant Report - Quarterly"

— Form EIA-6, "Coal Distribution Report"

— Form EIA-7A, "Coal Production Report"

— FERC Form 423, "Monthly Report of Cost and Quality of Fuels for Electric Plants"

— FERC Form 580, "Interrogatory on Fuel and Energy Purchase Practices"

— U.S. Department of Commerce, Form EM-522

— U.S. Department of Commerce, Form IM-145

— Association of American Railroad&AR Railroad Cost Indiceg®Vashington, DC, quarterly)

— Rand McNally and CoKandy Railroad Atlas of The United Sta{€&hicago, IL, 1988)

— Lescoart, Johik., ed.,1986-1987 Fieldston Coal Transportation Man#/ashington, DC,
1986)

Output Data

— Physical: Forecasts of annual coal supply tonnages (and trillion Btu) by economic sector and
subsector, coal supply region, coal Btu and sulfur content, and demand region

— Economic:Forecats of annual minemouth, transportation aniyeleed coal prices by coal type,
economic sector, coal demand and supply regions

Computing Environment

184

Language: VS FORTRAN

Processor: IBM VS FORTRAN compiler

Core Requirement: Storage requirement is 932,764 k-bytes*sec

Estimated Cost to Run: The Reference Case run for thennual Energy Outlook 1994
(AEO94B.D1221934) required 137.42 CPU seconds to complete for th@90(eriod (an average
of 6.54 CPU seconds per forecast ye@PU chargetotaled $19.73; 1/O, $0.83; amalinting for
10,850 lines, $11.83; for an estimated total charge of $31.90 ($1.52 per forecast year).
Storage: 1800k bytes (900 tracks, 3350 disk)

Input/Output Mode: Batch

Average Run Time: 10 CPU seconds for a single year

Turnaround Time: Class D job - 20 minutes to 1 hour

Average Compile Time: 20 CPU seconds
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Inhouse or Proprietary
Inhouse

Independent Expert Reviews Conducted:
The Coal Distribution Submodule BIEMS is a new modefirst used for théAnnual Energy Outlook
1994 Theonly independent Expert Review conducted to elas for the Component Design Report,
which was reviewed by Dr. Charles Kolstad of the University of lllinois and by Dr. Stanley Suboleski of
the Pennsylvania State University during 1992 and 1993.

Status of Evaluation Efforts Conducted by Model Sponsor
The Coal Distribution Submodule (CDS) is a new model, developed for the National Energy Modeling
System (NEMS) during the 1992-1993 period emndsed in 1994. The version described in this abstract
is that intendedbr use in support of th&nnual Energy Outlook 1995No prior evaluation efforts have
been made at the date of this writing.

Last Update

As a new model, planned for use in fnual Energy Outlogkhe CDS will be updated annually. The
version described in this abstract was updated September 1994.

References:

The Coal Distribution Submatk is a new model, and this is the first documentation of that model. The
only existing descriptive reference for this model is: Coal, Uranium and Renewable Fuels Analysis
Branch, Energy Supply ar@@onversion Division, Office of Integrated Analysis and Forecasting, Energy
Information AdministrationComponent Design Report, Coal Distribution Revised Draft - 1/19/93.
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Appendix E

Data Quality and Estimation

Data Sources

EIA maintains a number of annual surveys of coal production and distribution. The agency also has access
to several data sveys collected for the Federal Energy Regulatory Commission (FERC) that report the fuel
purchase and delivepractices of the Nation's electric utility sector. Other information comes from Census
Bureau forms repting coal imports and exports. Data frtme Association of American Railroads, the Mine
Safety and Health Administration, and State agency reports of mining activity supplement these sources.

Form EIA-3, "Quarterly Coal Consumption RepeNlanufacturingPlants", covers 97 percent of coal
receipts to industry (Form EIA-6, below): coal stocks, delivered prices, and consumption.

Form EIA-5, "Coke Plant Report" covelf0 percent of coal receipts at coke plants: consumption,
delivered prices, and stocks.

Form EIA-6, "CoalDistribution Report" covers 99 percent of production (F&HA-7A, below):
distribution from mine to consumer by economic sector, transport mode, and tonnage.

Form EIA-7A,"Coal Production Report" covers 5,000 coal producers and reports production,
minemouth prices, coal seams mined, labor productivity, employment, stocks, and recoverable
reserves at mines. A supplement in 1983 covered prices, Btu, ash, and sulfur content as sold to
individual economic sectors; these data were collected on a "Dry"#asis.

Form EIA-759, "Monthly Power Plant Report," covers 100 percent of electricity genepédims
with 50 megawatts (MW) or more of capacity, reporting consumption and stocks.

FERC Form 423, "Monthly Report of Cost and Quality of Fuels for Electric Plants" covers power
plants withcapacity of 50 MW or more and reports delivered cost, receipts, ash, Btu, sulfur ("As
Received" basis), and sources.

FERC Form 580, "Interrogatory on Fuel and Energy Purchase Practicedieisnéal survey of
investor-owned utilities selling electricity in interstate markets and having capacity over 50 MW,
coverage ofantractual base tonnagennage shipped, ash, Btu, sulfur and moisture ("As Received"
basis), minemouth priceight charges, coal sme and dstination, shipping modes, transshipments
(if any), and distances.

Form EM 545 from the Census fi8au records coakports by rank, alue and tonnage from each port
district. The Form IM 145 reports imports by rank, value, tonnage, and port district.

Nonsurvey sources describe coal reserves and their quBliédymaintains a Demonstrated Reserve Base
(DRB), updatedannually, that contained 475.6 billion short tons of coal on January 1, 1992. Tables
distributing these reserves by caalnk, State, and potential mining method are published anriffally.

%Energy Information Administratioi;oal Production 1984DOE/EIA-0118(84) (Washington, DC, November 1985), Appendix

C

%Energy Information Administratiooal Production 1990DOE/EIA-0118 (90) (Washington, DC, September 1991), pp. 69-73.
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Estimates of Btu and sulfur content associated with reserve tonnages by State and coal rank have also been
published® Btu and sulfur contentiisked with reserve tonnages by the Coal Analysis Files, which record

over 53,000 sample analyses of coal shipmemgsvernment facilities. These are recorded on a "Dry" basis,

but "As Received" moisture is also recorded, allowing comparison to data on FERC forms, above. These
samples were taken from ti®40's to the present, and contain much old data for eastern anthracite and
bituminous coals and little data for western subbituminous and lignite coals.

Data Gaps

The Coal Analysis Files and the Demonstrated Reserve Base provide!tlygogd data underlying the supply
curves used by the NEMS CDS. The association of minemouth costs with increments of coal reserves is the
central function of the NEMS Coal Production SubmodDRS). The CPS is documented under its own title.

The resources that are available to supporiME®IS CPSandCDSinclude a series of databases that are
valuable for their national scope and census-like coverage. However, as shown in Table E-1, no data are
routinely collected on the quality of coal produced at the mine or the minemouth price for coals of different
quality levels. While EIA publishes data identifyitng tonnage of exported coal mined in each State and the
Department of Commerce collects data on the tonnage exported (by port district), there are no data to
identifying the tonnage fronaeh mining State that is exported at each port of exit. Also, there are currently
no data describing the minemouth price for coal dediy to any ofhe economic sectors modeled. The FERC
Form 423 now provides the only coal quality data available, and it is restricted to the electric utility sector.
Coals consumed by the electric power generation industry are historically lower in Btu content, higher in
sulfur, and lower in ash than coals delivered to other consuming sectors. There is no source of coal quality
or delivered price for coal delivered to the residential/commercial sector.

During FY 1994, it is exgcted that 1992 data from the new Forms EIA-3A and -5A will provide the quality,
delivered price, and State afgin for coal delivered to the industrial steam and industrial metallurgical coal
sectors. The availability of these data will represent a significant improvement over that currently available
for these sectors.

Available data on coal transportation rates are restricted to the nonproprietary data collected on FERC Form
580. In addition to the withholding of proprietary data on the survey, its coverage is restricted to a portion
of the electric utility sector that excludes both some of the largest and many of the smaller electricity
generation tilities in the Nation. The difference between delivered costs as shown on the FERC Form 423,
Forms EIA-3, EIA-5, and EMb22 and minemouth costs as shown on FBi&7A in the most recent
available historicalgar isused to estimate transportation rates. The use of this method allows estimation of
different rates for each sector sl demand region, but—even if data for more remote historical years were
used—can dbttle to provide transportation rates for routes that havbewt used. More than half the routes
indicated by the CDS supply and demand region classification

1%%Energy Information Administratiorl). S. CoalReserves: AiUpdate By Heatand Sulfur ContenDOE/EIA-0529(92)
(Washington, DC, February 1993).
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structures have not been used for coal carriage in significant quantity in the last 50 years. In the version of
the CDS documented here, rates for thestes havbeen synthesized using available data on tariff rates and
analytical judgment, while others that are unlikely to be used are given dummy values to prevent their use.

The generabvailability of coal-related data thatere used tduild and calibrate th€DS forthe Annual

Energy Outlook 199% summarized in Table E-1 which shows the erki# data frame as it has been
available during the NEMS construction and calibration period.
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Appendix F

CDS Program Availability

The source code for the CDS program is available in file CN6005.PRJ.NEMS.FORTRN.COAL.D0926941.
This file is available in the program office.
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Appendix A

Inventory of Input Data, Parameter Estimates,
and Model Outputs

Model Inputs

Model inputs are classified into three categories: user-specified inputs, inputs provided by other NEMS
components, and inputs provided by the RAMC.

User-Specified Inputs . User-specified inputs are listed in Table A-1. The table identifies each input, the
variable name, thenits for the input, and the level of detail at whichithpit must be specified. The required
production inputslso are used as inputs to RAMC, and the source for thesguts is the(RAMC data

library. Future levels of labor productivity are estimated by the EIA. Fot388& AEQ labor productivity
estimates were derived bysaiming that, in the firsegr of theforecast period, productivity increases at a rate
equal to the average annual productivity increase over the recent past and that the initial rate of increase
diminishes gradually over the remainder of the forecast period. The average heat and sulfur content values
are estimated from data obtained from the FERC-423 database.

The inputs listed in Table Adre ontained in aingle "flat" file. The file is divided into four sections. Each
section corresponds to one of four input specification levels: national, national/year, supply region/mining
method/year, and supply region/mining method/coal type. Each section contains all input requirements for
the level. For example, the region/mining method/coal type section of the file contains all of the production
values. Less detailed sections appear toward the beginning of the file, while more detailed sections appear
toward the end. For example, the first record in the file contains values for the national-level inputs (e.g., the
exports), while the last section of the file contains production irfputs.

Inputs Provided by Other NEMS Components . Table A-2 identifies inputs obtained from other NEMS
components and indicates tregiable name, the units for the input, and the level of detail at which the input
must be specified. Diesel fuel prices ab¢ained from the Petroleum Market Module, coal-fired power plant
capacity is obtained frothe EMM, and labor costs are obtained from the Macroeconomic Activity Module.
Additional run control variablareobtained fom the NEMS integrating Module. These variables include the
base yeatthe forecast year, the current iteration, and a print control variable. All remaining inputs listed in
Table A-2 are obtained from the Coal Distribution Submodule.

% The indices used in the tables are defined as follows:

Cc
z

coal demand region (CDS)
step on RAMC supply curve

i =  supply region

j =  mining method (surface or underground)

k =  coal type

t = year

by =  base year

ny =  NEMS reference year (for prices)

x1, X2,...xn = aggregate coal demand regions for CPS capacity model
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Table A-1. User-Specified Inputs Required by the CPS

CPS Variable Description Specification Units Variable Used Source(s)

Name Level in this Report

RAMC_YEAR Year basis for RAMC National -- -- RAMC
prices Input file

NEMS_YEAR NEMS reference year National -- REF Set by user

DEF Deflator National _ DEF PGDP price

deflator

M_SWITCH Controls modeling National -- -- Set by user
approach used

P_SWITCH Controls output reports National - -- Set by user
produced

|_SWITCH Controls inputs utilized National -- -- Set by user

RAMC_ESC Escalator for RAMC prices  National -- -- RAMC

input file

MC_YEAR Year basis for marginal cost  National -- -- Defined by
models data

MC_ESC Escalator for marginal cost National -- -- FGDP
models escalator

RAMC_ALT Controls RAMC input National -- -- Set by user

WAGE Real labor cost escalator National/year -- -- EIA
(not used for 199AEQ) projection

RG Alphabetic supply region Supply region/ -- -- Model
code mine type definition

MT Alphabetic mine type code Supply region/ -- -- Model

mine type definition

MC_INT Marginal cost model Supply region/ -- . a Regression
intercept mine type analysis

MC_WAGE Marginal cost model Supply region/ -- ; d Regression
coefficient (labor cost term)  mine type analysis

MC_PROD Marginal cost model Supply region/ -- c Regression
coefficient (productivity mine type analysis
term)

MC_PRODX Marginal cost model Supply region/ -- -- Regression
exponent (productivity mine type analysis
term)
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Table A-1. User-Specified Inputs Required by the CPS (Continued)

CPS Variable Description Specification Units Variable Used Source(s)
Name Level in this Report
MC_UTILX Marginal cost model Supply region/ -- -- Regression
exponent (utilization term) mine type analysis
MC_FUELX Marginal cost model Supply region/ -- -- Regression
exponent (diesel fuel term) mine type analysis
MC_WAGEX Marginal cost model Supply region/ -- -- Regression
exponent (labor cost term) mine type analysis
C_EX Assigned coefficient Supply region/ -- CEX EIA
(excess capacity term) mine type estimate
N_EX Assigned coefficient Supply region/ -- N EIA
(excess capacity term) mine type estimate
CAL_CAP Capacity in first forecast Supply region/ -- -- ECbal
year (as a fraction of base mine type Production
year capacity) 1991
SF Surge capacity scaling Supply region/ -- i SF EIA
factor mine type estimate
L_PROD Base year productivity Supply region/ tons/manhour ;.| P EoAl
mine type Production
1990
FR_PROD Forecast year productivity Supply region/ -- P EIA
(as a fraction of L_PROD) mine typelyear projection
ADJ_FORE Price adjustment variable Supply region/ Dollars/ton -- EIA
(currently set to zero) mine typelyear estimate
SBAS_REGION  Alphabetic supply region Supply region -- -- Model
code definition
NBAS Number of production Supply region -- -- File
records definition
CPROD_TYPE Alphabetic coal type code Supply region/ -- -- Model
coal type definition
B_PROD Base year production Supply region/ MMTons b Ebal
mine type/coal Production
type 1990
FERC-423
BTU Average heat content Supply region/ MMBtu/ton -- FERC-423
coal type
SULFUR Average sulfur content Supply region/ Ibs/MMBtu -- FERC-423

coal type
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Table A-2. CPS Inputs Provided by Other NEMS Modules and Submodules

CPS Variable Name|  Description Specification Level Units Variable Used NEMS
in this Report Module/
Submodule
MC_NMFGWGRT  Wage rate Census region/year Dollars/hour - Macro-
(nonmanufacturing economic
sector) model
MC_PGDP GDP deflator Census region/year -- -- Macro-
economic
model
PDSIN Diesel fuel price National/year Dollars/ -- PMM
gallon
UADDCST Projected coal-fired CDS demand Megawatts PP EMM
power plant capacity  region/year
CDS_QTY Coal shipments CDS demand region/ MMTons o = CDs
demand sector/supply
region/mine type/coal
type
CDS_RECORDS Number of elements National -- -- CDS
in array CDS_QTY
CDS_SR CDS numeric supply  CDS demand region/ -- -- CDs
region code demand sector/supply
region/mine type/coal
type
CDS_DR CDS numeric CDS demand region/ -- -- CDs
demand region code demand sector/supply
region/mine type/coal
type
CDS CT CDS numeric mine CDS demand region/ -- -- CDs
type/ coal type code demand sector/supply
region/mine type/coal
type
CDS_DS CDS numeric CDS demand region/ -- -- CDs
demand sector code demand sector/supply
region/mine type/coal
type
FIRSTFLG Controls projected National -- -- CMM
capacity calculation
P_QTY Projected capacity CDS demand region/ ~ MMTons G\, CDS
demand sector/supply
region/mine type/coal
type for projected
capacity
P_RECORDS Number of elements National -- -- CDSs
in array P_QTY
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in this Report Module/
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Submodule
MC_NMFGWGRT  Wage rate Census region/year Dollars/hour - Macro-
(nonmanufacturing economic
sector) model
P_SR CDS numeric supply  CDS demand region/ -- -- CDs
region code for demand sector/supply
projected capacity region/mine type/coal
type for projected
capacity
P_DR CDS numeric CDS demand region/ -- -- CDs
demand region code demand sector/supply
for projected region/mine type/coal
capacity type for projected
capacity
P_CT CDS numeric mine CDS demand region/ -- -- CDs
type/ coal type code demand sector/supply
for projected region/mine type/coal
capacity type for projected
capacity
P_DS CDS numeric CDS demand region/ -- -- CDs
demand sector code demand sector/supply
for projected region/mine type/coal
capacity type for capacity
projection

The CPS mvides the user with the option of obiag the diesel fuel and labor cost data from input files as opposed

to other NEMS components. This option may &@sed by setting to 0 the valueroh control variable |_SWITCH

(in the user input files). When |_SWITCH is set equal to 0, labor costs will be calculated using projected national-
level labor cost escalators contained in the user input file. Diesel fuel prices projections (by NERC region) will be
obtained from a sepate fat file. When |_SWITCH is set equal to 1, the CPS will run in normal "integrated" mode,
and will obtain the diesel fuel and labor cost data either from the aboveNiEM& modules or from the NEMS
restart file.

Inputs Provided by theRAMC . The inputs obtained from the RAMC (or, morependy, the RAMC post-processing
program) are required regardless of the modeling approach used. These inputs are contained in two separate files
the decrement file arttie file containing the reserve depletion curves. The decrement file contains estimates of the
reduction in existing mine capacity, due to mineemtents, ireach year of a 25-year period. The capacity reduction
estimates (represented by variablg,R  in Appendix B) are specified in millions of tons. Each set of estimates, for
each regionmining method and coal type, are contained on two adjacent records. The first record identifies the
region, mining method, and coal type, andtains the capacity reduction estimates for the first 15 years; the second
record ontains the estimates ftive remaining 10 years. Table A-3 lists and describes all of the variables read from
the decrement file.

Table A-3. Inputs Included in the RAMC Decrement Files

CPS Variable Name Description Units Variable Used in this
Report

SDEC_REGION Alphabetic supply region code -- --

DEC_C _TYPE Alphabetic coal type code -- --

M_TYPE Alphabetic mine type code -- --

DECR Capacity to be retired Million tons iR
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In the file containing th&@AMC curves, each record corresponds to a step on the curve; a separate curve is

included in the file for each region, mining method, and coal type. The information provided for each step

includes somdetails that are not required by the model (e.qg., the size of the mines represented on the step);
the data thawill be read by the model inde the codemlentifying the region, mining method, coal type, and

type of step (existing mine or new mine step), as well as theaptatity and price for the step. The variables

read from the RAMC curves file are listed and described in Table A-4.

Table A-4. Inputs Included in the RAMC Curves Files

CPS Variable Name Description Units Variable Used in this
Report

SCUR_REGION Alphabetic supply region code -- --

N_RECORD Number of file records for each -- --

region

C_TYPE Alphabetic coal type code -- --

CAP Total capacity on the step Million tons --

PRICE Price for the step Dollars/ton PRAMG

S FRAC Numeric mine type code -- --

Model Outputs

The primaryoutput from the modelre thesupplycurves. The general form of equations representing supply
curves for underground mines is as follows:

MC;; i = INHi,j,k,t+(|vrj*i,t)EXP[(bli,k,t)(Pi,j,k,t) ] (1)
The general form of the surface mine equation is as follows:
MC;; i = INHi,j,k,t+[MS*i,t + (bs*i,k,t)(R,j,k,t) i (2)

Model output consists of the five constants?;JN *;;M",,.b %", pband ¥° In addition, the surge capacity
(quvkvt)40 is output along with the valuefroduction (B, ) for which capacity utilization equals 50 percent.

The 50-percent production value and the surge capacity define the beginning and end points of the second
segment of the supply curve. In addition to the outputs defining the nonlinear second segment, the CPS
provides the slope and the ydrdept of the first antthird linear segments, along with the value of production

at the end point of the thiskgment (set equal to 10 times the surge capacity). Separate values of the output
variables defining the tbe segmatsare povided foreachsupply curve; i.e., for each region, mining method,

and coal type. In addition, the surge capacity represents the end-point of the supplyTbereetputs

include the values sujpgd as inputs to the model for the labor productivity,(LP in the preceding chapter),
average Btuantent, and aaragesulfur content ariables. Separate labor productivity values, for the forecast
year (yeat), are provided for each region and mining method. The CPS output variables are listed in Table
A-5.

*Three separate values bfib *, b , arareprovided as output foeachsupply curve, fothree separatproductionterms.
However, the current regression models include only one production term. The vatigs 6ty , b, and x for the other two terms are
set equal to 0, 0, and 1, respectively.

“Surge capacity is defined as the maximum quantity of coal a mine can produce with current labor and equipment in response to
unexpected short-term increased demand that is above the nominal design production capacity.
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In addition to the outputs above, whaale passed tihe CDS, the model produces a number of output reports
presenting the results of some of therimaliate calculations performed by the submodule, as well as results
of calculations performed specifically for the report. The latter calculations include the following:

Uijker = (Pi,j,k,t—l)(loo)/Qj,k,t—l (3
for underground mines:

MC;; i = IN**i,j,k,t + (M*i,j,t)EXP[(Bi,j,k,t (&) (4)
for surface mines:

MG« = IN**i,j,k,t + M+ (B*i,k,t)(Q,j,k,t? 17 (5)
For each regiomining method, and coal type, the output report includes the full capacity marginal cost
(MC;;,) and capacity ilization (U, ;) values calculated for each forecast year. In addition, the following
results of intrmediate calculeons (see pecealing chaper) foreach region, mining method, coal type and year

are reported:

e  Original andmodified values of the coefficients in the equations for marginal costs (Equations 1 and
2)

e  Projected total capacity

e Increase in price between the base year and the foyeeastiue to reserve depletion (from the RAMC
curves).

In addition, the output report includes the values of all user-specified inputs, as well as the values of inputs
obtained from other NEMS components.
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Table A-5. CPS Model Outputs

CPS Variable Name Description Units Variable Used in this
Report

CPS_YINT Y-intercept for first supply curve -- il s
segment

CPS_SLOPE Slope of first supply curve segment - Vs

CPS_PENDI Production at end-point of first Million tons --
supply curve segment

CPS_SURCAP Production at end-point of second Million tons ijx2C
supply curve segment

CPS_RINTER2 Supply curve constant -- **Ii!j\,j(,t

CPS_RMULT Supply curve coefficient -- M, iM

CPS_NMCUTIL Supply curve exponent -- “he ik

CPS_MCUTILX Supply curve exponent -- X

CPS_YINT3 Y-intercept for third supply curve -- i Xils
segment

CPS_SLOPE3 Slope of third supply curve -- M s
segment

CPS_PEND3 Production at end-point of third Million tons --
supply curve segment

CPS_LPROD Labor productivity Tons/person-hour kP

CPS_BTU Average Btu content for the supply =~ MMBtu per ton --
curve

CPS_SULFUR Average sulfur content for the Ibs/MMBtu --

supply curve

Model Endogenous Variables

Variables endogenous to thdel are included in Table A-6. Table A-6 includes the variable name used in
the report, the corresponding variable name used in the CPS model, a description of the variable, and the

variable's units.
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Table A-6. CPS Endogenous Variables

CPS Variable Name Description Units Variable Used in this
Report

D_FUEL Diesel fuel price index -- Ft

SUR_CAP,L_P_END Surge capacity Million tons e

INTER1 Constant term for supply curve -- N
function, following initial
calibration

INTER2 Constant term for supply curve -- *INJ
function, capturing depletion effects

R_INTER2 Finalized multiplier for supply -- I’NJ't
curve function

MULT Multiplier for supply curve -- M,
function, prior to deflation

R_MULT Finalized multiplier for supply -- Mj't
curve function

N_MC_UTIL Finalized coefficient for production - *i,[j-,)K,t
term

UTILIZ Capacity utilization Fraction Wi

P_CAP, PCAP_S Projected mine capacity Million tons ijxC

P S CAP P_CAP (PCAP_S), in thousands of = Thousand tons --
tons

P_EXCAP Excess capacity Million tons EG

A_PRICE Adjusted year t price on step z of Dollars/ton AR
supply curve

SLOPE Slope of linear segment of supply -- (M s
function for utilization less than 50
percent

L_SLOPE Slope of linear segment of supply -- s

function for production greater than
surge capacity

Y_INT Y-intercept of linear segment of -- Xl s
supply function for utilization less
than 50 percent

L_Y_INT Y-intercept of linear segment of -- il
supply function for production
greater than surge capacity
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Table A-6. CPS Endogenous Variables (Continued)

CPS Variable Name Description Units Variable Used in this
Report

P_END Production at 50 percent utilization - ik 5

A_CAP Existing mine capacity, adjusted for  Million tons EXG
mine retirements

DEC_COUNT Number of region/mine type/coal -- --
type combinations included in
decrement file

S_NLAS Number of mine type/coal type -- --
combinations with reserves and
capacity, in forecast year

NLAS Number of mine type/coal type -- --
combinations with reserves and
capacity, in year prior to forecast
year

L_CTYPE,S CT CDS numeric mine type/coal type -- --
code

NUM_RECS Number of records in decrement -- --
file

FRAC_CODE Mine type code -- --

B_REGION Alphabetic supply region code -- --

B_C TYPE Alphabetic coal type code -- --

F_INDEX Diesel fuel price index in base year  -- --

UX_TERM Value of utilization term when -- --
production = P_END

UX_SUM Sum of UX_TERM for all -- --
utilization terms

UXx EXP(UX_SUM) - -

PRICE_50 Price on supply curve at P_END Dollars/ton --

L_CAP Projected capacity in year prior to -- --
forecast year

B_S _FRAC Numeric mine type code -- --

PRINT_PRICE Price on supply curve at 100 Dollars/ton iMC
percent utilization

DEPLET Reserve depletion effect Dollars/ton --

UX_TERMS Sum of utilization terms when -- --
production = capacity

UXx2 EXP(UX_TERMS) -- --

B_INDEX Number assigned to first step on -- --
each RAMC curve
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Table A-6. CPS Endogenous Variables (Continued)

CPS Variable Name Description Units Variable Used in this
Report

B_CAP Base year coal industry capacity -- --

B_PRICE Base year coal price -- --

U TERM Value of utilization term, at base -- --
year utilization levels

BASE_SUM Sum of productivity, labor cost, and - --
fuel cost terms in the base year

PFW_SUM Sum of productivity, labor cost, and - --
fuel cost terms

TEMP Sum of U_TERM for all utilization - --
terms

CAL_PRICE Predicted price in base year, priorto  -- MG
model calibration

DEC_CAP P_CAP, adjusted for mine Million tons --
retirements

SUM_CAP Cumulative capacity on RAMC Million tons -
steps

DEP_PRICE Price at projected capacity level, Dollars/ton PRAMC
from the RAMC curve

DEP_SUM Sum of utilization terms, at 100 -- --
percent utilization

MC_NODEP Predicted price at 100 percent Dollars/ton MC
utilization, in the forecast year,
assuming no depletion effect

DEP_CHANGE Increase in MC_NODEP due to Dollars/ton --
depletion

B_UTILIZ Utilization in the base year Fraction --

MT_CODE Alphabetic mine type code -- --

NN B_YEAR - NEMS_YEAR -- --

REV_P Adjusted price on RAMC capacity Dollars/ton RP
curve

REV_CAP Production capacity on RAMC Million tons =
capacity curve, adjusted for
capacity retirements

I CDS_SR -- --

JJ CDS_DR -- --

KK CDS_CT - -

CT_CODE Alphabetic coal type code -- --
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Table A-6. CPS Endogenous Variables (Continued)

CPS Variable Name Description Units Variable Used in this
Report
P_TERM Calculated value of productivity -- --
term in marginal cost model
F TERM Calculated value of fuel costtermin - --
marginal cost model
W_TERM Calculated value of labor cost term --

in marginal cost model

42
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Appendix B

Detailed Mathematical Description of the Model

This appendix provides a detailed descriptiothefmodel, including a specification of the model's equations
and procedures for constructing the supply curves.appendix describes the model's order of computations
and main relationships. The model is described in the order in which distinct processing steps are executed
in the program. These steps are as follows:
e  Step 1: Initial calibration of marginal cost regression equations
e  Step 2: Calculation of projected capacity
e  Step 3: Calculation of surge capacity
e  Step 4: Retirement of existing mines on reserve depletion (RAMC) curves

e  Step 5: Adjustment of regression equations for reserve depletion

e  Step 6: Adjustment of regression equations for labor productivity, labor costs, and diesel fuel
prices

e  Step 7: Conversion of regression equations from utilization to production basis
e  Step 8: Adjustment of marginal costs from base year to NEMS reference year dollars
e  Step 9: Addition of linear segments to supply curves.

Figure B-1 is a flow chart of the model.
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Figure B-1. CPS Flowchart
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Figure B-1. CPS Flowchart (Continued)
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Variable Definitions

The variables used in the model are defined as follows:

Indices

i

j

k

t

by

ny

x1, X2,...Xxn
c

ds

yA

Input Variables

Pi,j,k,t-l

LP,

ij,t

LC,
F

PR,j,k,by

Ri Jikit

DEF
BASE
REF

MMP

z,i,j,k

Output Variables

SCiike

LP;

ij,t

supply region
mining method (surface or underground)

coal type

year

base year

NEMS reference year (for prices)

aggregate coal demand regions for CPS capacity model
coal demand region (CDS)

coal supply region (CDS)

step on RAMC supply curve

production for region i, miningethod j, and coal type k, in year t-1
(millions of tons)

labor productivity for region i and mining method j, in year t (tons
per miner hour)

escalation index for labor costs in year t

fuel price in year t (dollars per gallon)

base-year minemouth price (actual), in dollars per ton, for region i,
mining method j, and coal type k, time base year (from the existing

mine step on the RAMC curve)

capacity retired, in region i, mining methodnd coal type k, in year
t (millions of tons)

deflator (fraction)
base year
NEMS reference year

computedRAMC minemouth price for step z sfipply curve for
region i, mining method j, and coal type k (dollars per ton)

surge capacity for region i, miningethod j, and coal type k, in year
t (millions of tons)

labor productivity for region i and mining method j, in year t (tons
per miner hour)
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IN ikt =
it

b*i,j,k,t =

AP*z,i,j,k,t =

Mci,j,k,t‘ 5 =

MCi,j,k,t‘s =

Mkt s =

Miktls =

*k
IN i,j,k,t‘ 5 =

*k
IN i,j,k,t‘s =

Pi,j,k,t‘ 5 =

Other Variables Used in the Model

Cijxe =

INi,j,k =

finalized intercept for supply curve function, for region i, mining
method j, coal type k, and year t

finalized multiplier for supply curve function, for region i, mining
method j, and year t

finalized coefficient for mduction érm, forregion i, mining method
j, coal type k, and year t

price in NEMS referenggear dollars, for region i, mining method |,
coal type Kk, step z, and year t (dollars per ton)

marginal csts on the linear supply segment for capacity utilization
between 0 and 50 percent, for region i, mining method j, and coal
type k, in year t (dollars per ton)

marginal costs on the linear supply segment for production greater
than surge capacity, for region i, mining method j, and coal type k,
in year t (dollars per ton)

slope of lirear segment &upply furction for production at capacity
utilization between 0 and 50 percent, for region i, mining method j,
coal type k, andaar t (seequal to 0.01 $/mm tons); see description
of Step 9.

slope oflinear segment of supply function for production greater
than surge capacity, for region i, mining method j, coal type k, and
year t (set equal to 150 $/mm tons); see description of Step 9.

y-intercept of linear segment of supply function for production at
capacity utilization between 0 and 50 percent, for region i, mining
method j, coal type k, and year t

y-intercept of linear segment of supply function for production
greater than, for region i, mining method j, coal type k, and year t

production at 50 percent capacity utilization, for region i, mining
method j, coal type k, and year t

unadjusted pjected capacity for supply region i, mining method j,
coal type k (millions of tons)

projected capacity for region i, mining method j, and coal type k,
adjusted for excess capacity (millions of tons)

intercept for region i, mining method j, and coal type k, following
initial calibration
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IN*i,j,k,t = intercept, agnodified for reserve depletion effects, for region i,
mining method j, coal type k, and year t

MC; = marginal costs for supply regiomijning method j, and coal type K,
in year t (dollars per ton)

(U = marginal ost model multiplier, for supply region i, mining method
j, and year t
EC ke = amount of excess (i.e., unused) cidpan forecast year t, for supply

region i, mining method j, and coal type k (millions of tons)

b*i,j,k,t = coefficient for production term, for region i, mining method j, coal
type k, and year t

SE; = scaling factor for surge capacity, for region i and mining method j

EXCj by = capacity of mines existing as of the base year, in regimming
method j, and coal type k (millions of tons)

PRAMG = minemouth price at full (100 percent) capacity utilization from the
RAMC supply curve, in region i, mining method j, and coal type K,
and year t (dollars per ton)

PRAMC' . , = minemouth price at full (100 percent) capacity utilization from the
RAMC capacity curve, in region imining method j, and coal type
k, and year t (dollars per ton)

CC,, = change in costs between the base year and year t, for region i and
mining method j (dollars per ton)

AP, ikt = adjusted year t price on step z of supply curve for region i, mining
method j, and coal type k (dollars per ton)
Step 1: Initial Calibration

Prior to the processing of inputs, the model calibrates the regression equations for marginal costs against
current price levels. The regression equations take the following form:

For underground mines:

MCijie = EXP{g + b By /Gue ) + (/LR ) #d(LC) +&() } (6)
For surface mines:

MCijie = {8 + § (Riscs IGue § +[C/(LR: )1+ (F) ¥ ()
where

g,b,¢,d,e =regression coefficients
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Capacityutilization is represented as production, expressed as a fraction of capacity in the equations. For
calibration purposes, base year values of productigp, (P ), capagity (C ), labor productiyjty (LP ), and
the two factor cost inputs (L.C and &% povided as model inputdJsing the base year values, the regression
equation is solved for each CPS supply region, mining method, and coal type.

Intercepts are determined as the difference between the estimated marginal cost and the corresponding base
year price (also provided as an input), as follows:

IN;j = (PR,j,k,by - Mcf,j,k,by) 8

Intercepts calculated using the equation abareeadded to each marginal cost equation (Equation 6 and
Equation 7) to complete the calibration process.

Step 2: Determination of Capacity

The base year capacity values provided as input to the model are taken as the initial base year capacities for
eachsupply region, mining method, andal type. In each subsequent forecast year, capacity is projected by
the following procedure.

Because of the lead time required to bring a mine to normal production levels, the CPS makes a decision to
build new capacity prior to the year the capacity is needed. The CPS assumes a 2-year lead time constraint.
Thus, ineachforecast year t, the CPS interacts with the CDS to project capacity requirements in the year t +
2. The CPS passes to the CDS a seeafpiise linear capacity curves derived from RAMC capacity curves.

The curves aredjusted to capture thedfects of poductivity changes, changes in real labor costs and real fuel
costs, andccapacity retirements. The adjustments are made t®AMC capacity curves prior ttheir
conversion to piecewise linear segments.

The adjustments for productivity changes and changes in real labor costs and real fuel costs is based on the
CPS marginal cost curves evaluated at 100 percent capacity utilization. The adjustment is effected by first
determining for the projecteear t + 2 the maginal cost of produin at full capacity utilization using values

of labor productiity, labor costs, and fuel costs in the projected year. For underground mines, the marginal
cost at full utilization reduces to:

Mclooi,j,k,t+2 = IN*i,j,k +EXP{g +b + (C/LR., ) +d(LC)  e(F Y3} 9)
For surface mines, the marginal cost at full utilization reduces to:
Mclooi,j,k,t+2 = IN*i,j,k +{a +h +¢c/(LR,., ) +ek 9y (10)

Next, the marginal cost of productionfall capacity utilization in the base year is calculated using base year
values of labor productivity, labor costs, and fuel costs. An incremental cost adjustment is calculated as the
difference between the projected year marginal cost and the base year marginal cost, as follows:

ACPR w2 = MClOOi,j,k,HZ - Mclooi,j,k,by (11)
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The incremental cost adjustment is added to each new mine step on the RAMC capacity curve, as follows.
RP; k2 = PRAMC,;, (., HACP (12)

The RAMC capacity curves are adjusted further for retirement of existing capacity. The capacity retired
through the projected year t + 2 is obtained from the RAMC "decrement file." For each projected year, the
CPS determines remaining existing capacity by subtracting from the capacity existing in forecast year t the
capacity to be retired by the projected year t + 2, as follows:

Ei,j,k,t+2 = E,j,k,t - CRJ,k,HZ (13)

The RAMC capacity curveare a series afteps where the height of each step represents the price of coal and
the length otach step reprasis the mount of capacity available at each price. Each RAMC capacity curve
is converted to a series of linear segtae The @cewisdinearcapacity curves slope upward and to the right,
representing the assumption that the least-cost capacity will be developed first.

The piecewise linear capacity curves are passed tGH® The CDS$asses back to the CPS projected
capacity by supply regioiGDS coal type/mine type, CDS demand region, and CDS demand sector. These
capacities are aggregated by the CPS to CPS supply region, coal type, and mine type, as follows:

Cai,j,k,t+2 :ZceisteiCCDSc,ds,j,k,Hz (14)

In order to ensure that projected capacity moves toward adonggpuilibrium value, the capacity projections

are aljusted to capture theffect of excess capacity eapacity build decisions. Excess capacity is calculated

as the difference between the prior year's regional capacity by coal type and mine type and the regional
shipments (production) by coal type and mine type. Since regional shipments are passed by the CDS to the
CPS bysupply region, CDSeainand region, CDS demand sector, and CDS coal type/mine type, the CPS first
aggregates the shipments to CPS supply region, coal type, and mine type as follows:

Pkt :ZceisteiSH|PCDSc,ds,j,k,t-1 (15)
Excess capacity in the forecast year t is calculated as follows:

ECjk: = Cfli,j,k,t-l - B (16)
The adjustment for excess capacity is as follows:

Cijkt =Cijkt - CEX *(EG . ) a7
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where CEX and N are coefficients specified by the tiser.

Step 3: Calculation of Surge Capacity

Surge capacity is defined as the amount of coal a mine can produce, above and beyond the amount the mine
is designed to produce under normal conditions using the existing equipment fleet. Surge capacity can be
attained, for example, by adding an additional production shift or by expanding production operations to
Saturdays, Sundays, and/or holidays. In the model, the surge capacity for each region, mining method, and
coal type is calculated on the basis of projected design capagity (C ), as follows:

SGx: = (SK )Gk: ) (18)

The scaling factors, used in Equation 18 to estimate surge capacity on the basis of design capacity, are
specified as an input to the model. Once calculated, surge capacity represents the maximum production
attainable for a given region, mining method, eoal type, in forecast year t; thus, surge capacity defines the
endpoint of the supply curve.

Step 4: Retirement of Existing Mines

The first step on the RAMC reserve depletion curves represents mines that presently exist. As noted above,
the RAMC postprocessor estimates the reduction in existing mine capacity for each year of the 25-year
forecast period. The capacity reduction estimates, by region, mining method, and coal type, are output to a
"decrement file." The modéhputs the decrement file and the file containing the reserve depletion curves.

In each forecast year, the model re-estimates existing mine capacity—i.e., the length of each existing mine
step—using the following equation:

EXCi,j,k,t = EXQ,j,k,by - R,j,k,t (19)

EXC;;ky is Obtained from the RAMC reserve depletion functions apd R is obtained from the decrement
file.

Step 5: Reserve Depletion Adjustment

After the lengths of the existing mine steps are adjusted to reflect retirements, the model plots each capacity
value calculated in Step 2 on the corresponding RAMC reskapketion curve. The value on the y-axis
corresponding to the capacity value represents the total testipréce (including the reserve depletion effect)

at full (100 gercent) capacity utilization, in the forecast year (year t). The comparable base year price at full
capacity utilization is subtracted from the price obtained fronRARIC curve to determine the depletion

“The coefficients serve as a market adjustment mechanism. The model adjusts projected capacity requirements based on feedback
from the CDS concerning the amount of available capacity actually used in the preceding year. Thus the coefficients provide an
interface between thePS andhe CDSthat moves the coal industry toward fullld¥O percent capacity utilization - i.e., a state of
equilibrium. In short, while the model is capable of modeling the coal industry under nonequilibrium conditions, the adjustment for
excess capacity will ensure that coal forecasts approach the theoretical expectation that the market moves toward a long-term
equilibrium.
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effect. The base year price, at full capacity utilization, is computesblbyng the marginal cost/capacity
utilization equation. This equation, as calibrated in Step 1, is as follows:

For underground mines:

MCijke = INjj + EXP{@ + b[(Byx: VGye 1+ {c/LP ) +d(LC) + &(F)} (20)

For surface mines:

MCijke = INjjx + {8 + B (Rx: /Gke )+ [c /(LR 31 + e(F) ¥ (21)

where

g,b,c,d,e =regression coefficients

In the equations above, the value gfP ;/C is setequal to 1 (i.e., capacity utilization = 100 percent), and
the labor productivity, fuel cost, and labor cost variadnleseequal to base year values. Capacity utilization

is set equal to 10Gpcent because the RAMC reserve depletion curves represent costs for mines assumed to
be producing at full (100gpcent) capaty.*? Labor productivity, labor costs, and fuel costs are held constant

at base year values because, in Step 5, the effect of rdsptedon must be captured exclusive of any effects
from other factors. The effects of changes in labmtyativity, laborcosts, and fuel costs are captured in Step

6.

The difference between the base year price estimatg (MC ) calculated using Equations 20 and 21 and the
forecast year price obtained from tRAMC curve (PRAMG, ), represents the effect of reserve depletion
on price; the supply curve must be shifted up by auatrequal to this difference. Shifting the supply curve
is accomplished by adding the difference to the intercept IN , to yield a new intercept, as follows:
IN";k = IN;j + (PRAMG; ;. -MG ) (22)

In subsequent steps, the neveiogpt Il\*liijk replaces thegiginal intercept I, in the marginal cost equation.

“’Generally, capacity utilization will not B80 percent ithe base year. The capacity utilization is set equal to 100 percent in the base
year because the RAM@serve depletion curves represent costs for mines assumepreaibeing at 10@ercent capacity. The
marginal cost equations are adjusted in a calibration procedure for the actual base year capacity utilization, as discussed in Step 2.

52 Energy Information Administration/ Model Documentation: Coal Market Module



Step 6: Adjustments for Labor Productivity, Labor Costs, and Fuel Prices
In addition to shifting the supply curves to reflect reserve depletion, the model adjusts the curves to reflect
changes in labor productivity, real labor costs, and real fuel costs. The adjustment is accomplished by
substituting the values tife labor productivity, labor cost, and fuel cost terms in the marginal cost equation
using the projected (year t) values of the three factors, and simplifying the equation as follows:
For underground mines:
MC|]kt IN|]k +(Mjlt)EXP{Q(P|Jkt/q:Jkt )} (23)
where
=EXP[a + (c/LB, ) +d (LC) 4 e(F ] (24)
For surface mines:
MC|]kt |N|]k+[MS|t+t?(F|)Jkt/(;Jkty}/z (25)
where
Mic=1{g + [G/(LR F1+ e (F}} (26)
Since the variables ] andyl are calculated using the forecast year (year t) values of labor productivity,
labor costs and fuel costs, Equations 23 through 26 capture the changes in productivity and factor costs
between the base year and the forecast year.
Step 7: Conversion of Regression Equations from Ultilization to Production Basis
After the marginatost equations are adjusted to capture the reserve depletion effects, productivity changes,
and factor cost changes, the model converts the equations from a capacity utilization to a production basis.
This is accomplished by replacing the variablg C  in Equations 23 through 26 with the corresponding
projected capacity value astnplifying. The simplified version of Equations 23 through 26 are as follows:
For underground mines:
MC|]kt IN|]k +(Mjlt)EXP[bl|kt( Jkt)] (27)

where

|kt t‘j)/q:Jkt (28)

For surface mines:
MC|]kt |N|1k+[MS|]t+bS|kt(F|)]ktf]1/2 (29)
where

|kt t:j)/((;Jkt (30)
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Step 8: Adjustment of Costs from Base Year to NEMS Reference Year Dollars

As a result of initial calibration (Step Marginal costs othe supply curves are in base year dollars. In some
cases, it may be desirable to deflate (or inflate) the marginal costs from the base year to some other user-
specified year.The model converts theipply curves from base yearM&EMS reference yeatollars by

adjusting the values of the variable*i]jm %M M in the marginal cost/production function as follows:

IN, i = IN' /[(1 + DEFPASE-RED] (31)
MY = MY, /[(1 + DEFfPASE-RE)] (32)
M*"; = M3, /[(1 + DEFY®ASE-REP) 2 (33)
bt = B 11 + DEF{ASE-RED P (34)

If the user sets the NEMS reference year equailedase year, the supply curves remain in base year dollars;
otherwise, the supply curves are converted to the year specified as the NEMS reference year.

The adjustedonstants calculated using the equations above can be inserted in Equations 27 and 30 to yield
the following marginal cost/production functions:

For underground mines:
MG = IN**i,j,k,t + (M*i,j,t)EXP[(Ui,j,k,t YRk )l (35)
For surface mines:

MC;; i = IN**i,j,k,t + [NF*i,j,t + (B*i,j,k,t)(l?,j,k,t j1? (36)

Step 9: Addition of Linear Segments to Supply Curves

Equations 35 and 3&re limited to production values ranging from production corresponding to 50-percent-
capacity utilization, tgroduction corresponding to surge capacity. Linear segments are added to the curves
described by Equations 35 and 36 for production that falls outside this range. A near-horizontal linear
segment is assumed for production between 0 and 50 percent capacity utilization. A linear segment is used
in this range to ensure a positive value for thegr@@ipt, which otherwise could be negative under Equations

35 and 36. Generally, projected production will be in a range that is greater than 50-percent-capacity
utilization; hence, the use of aasentially horizontal linear segment for the production values below the 50-
percent point represents an acceptable approximation to the curve.

For production values egeding the surge capacity a steep-sloped Iseganent is added to the marginal cost
curves to constrain kdions to the operating portion of the supply curve. Conceptually, the physical end of
the supply arve occurs at the point representing surge capacity. However, becad@Siselution

algorithm @rmits garcheslang the supplgurve to exceed the surge capacity, it is necessary to add a steep-
sloped linear segment as a constraint. The segment prevents the CDS from providing solutions that exceed
surge capacity. The linear segments are determined as follows:

For capacity utilization between 0 and 80qent, dinear segment with slope (MG ,| 5) of 0.01 is assumed.

In this range, the general form of the linear segment for both the underground and surface marginal
cost/production functions is as follows:
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MCijkil s = INijuel s+ (Ml D(Pije) (37)

where IN,.| s is the y-intercept of first segment determined by solving equation 35 or 36 for the production
value corresponding to the 58rpentpoint and sulsacting the product of .| s and R, | 5 from the resullt.

For capacitytilization greater than surge capacity, a linear segment with a slope of 150 is assumed. In this
range, the general form tife linear segment for both the underground and surface marginal cost/production
functions is as follows:

MCijkils = INijuel s + (M J(Pijn) (38)

where N,/ is the y-intercept of first segment determined by solving equation 35 or 36 for the production
value equivalent to surge capacity andsuting the product of m | and the surge capacity from the resuit.

Equations 35 through 38 represent the finalized supply cufesmodel passes the finalized curves for each
region, mining methodnd coal type to the CDS. The specific outputs provided by the model are described
in Appendix A.

Location of Documented Equations in CPS Program

Table B-1 indicates the location within BE'S program of eaghodel equation documented in the main text.
The table indicates the number used to ideatifyh equation in this report, a section of the program in which
the equation aggars, and thiine number(s) on which the equation appears. The line numbers correspond to
the version of th€PS used for thE995AEQ It should be noted that some equations are included in the text
of this report soleljor background information or to clarify material contained in the text. These equations
do not appear in the CPS program and, therefore, are not included in the table.
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Table B-1. Location of Documented Equations in the CPS Computer Code

Equation Number in Text

Section of Code

Line Number

4

© 00 N O O

Main Program

Main Program

Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine SUPPLY
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1
Subroutine MODEL1

1308-1309
1306-1307

2080

2079
2081-2082

3345

3344

3359

3360

3386
3491-3506
3444-3454

3460
3538-3541

3585

2148

2208

2207

2217

2246

2245
2268-2269
2268-2269
2297-2298
2294-2295
2292-2293
2270-2271

56

Energy Information Administration/ Model Documentation: Coal Market Module



Appendix C

Bibliography
Britton, Scott G. and Albert J. Herhal, "Econic Evaluation of the Western Coal Mining Industry," prepared
for the Office of Policy and Evaluation, U.S. Department of Interior (Washington, DC, May 1981).

Bryans, Bill, "Coal Mining in Twentieth Century Wyoming: A Brief Historydurnal of the Wes21, no.4
(1982), pp. 24-35.

Energy Information Administration, AEO 1992 Forecasting System runs.

Energy Information Administratio®nnual Energy Reviewp20, DOE/EIA-0384(90) (Washington, DC, May
1991).

Energy Information AdministrationCoal Data: A ReferenceDOE/EIA-0064(90) (Washington, DC,
November 1991).

Energy Information AdministratiorCoal Distribution January-December 199D0QE/EIA-0125 (90/4Q)
(Washington, DC, April 1991).

Energy Information Administratioloal Production 199@OE/EIA-0118(90) (Washington, DC, September
1991) and prior issues.

Energy Information AdministratiorGost and Quality of Fuels for Electric Utility Plant992 DOE/EIA-
0191(92) (Washington, DC, August 1993) and prior issues.

Energy Information Administrationzstimation of U.S. Coal Reserves by Coal Typ@&E/EIA-0529
(Washington, DC, October 1989).

Energy Information Administratiof;rends in Contract Coal Transportation 1979-1980QE/EIA-0549
(Washington, DC, September 1991).

Energy Information AdministratioiThe U.S. Coal Industry, 197890, 1970-1990: Two Decades of Change,
DOE/EIA-0559 (Washington, DC, November 1992).

Energy InformatiorAdministration,U.S. Coal Reserves: An Update by Heat and Sulfur CQridéyE/EIA-
0529(92) (Washington, DC, forthcoming).

Hotelling, Harold, "Economics of Exhaustible Resourcdsiirnal of Political EconomyApril 1931), pp.
137-175.

ICF, Inc.,Documentation of the ICF CoahdElectric Utilities Model: Coal Supply Curves Used in the 1987
EPA Interim Base Cagprepared for the U.SnEironmentaProtection Agency (Washington, DC, September
1989).

ICF, Inc., The National Coal Model: Description and Documentatiprepared for the Federal Energy
Administration (Washington, DC, October 1976).

Energy Information Administration/ Model Documentation: Coal Market Module 57



Klein, Dan, ICF, Inc., Person@lonversation, April 6, 1992. Lev, Benjamin, dehergy Models and Studies
(Amsterdam: North Holland Publishing Company, 1983 Evolution of Coal Market Models and Coal
Policy Analysishby Richard L. Gordon, p. 73.

Lin, King, Data Resources International, Inc., Personal Conversation, March 18, 1992.

Merritt, Paul C., "Longwalls Havingheir Ups and DownsCoal, MacLean Hunter (February 1992), pp. 26-
27.

National Coal Council, Coal Policy CommitteReserve Data Base Report of the National Coal Council
(Washington, DC: National Coal Council, June 1987).

Resource Dynamics Corporatiof,Review of Coal Supply Modgfgrepared for th&).S. Department of
Energy, Assistant Secretary of Fossil Energy (Washington, DC, October 1982).

Rosenberg, J. |., et. alMdanpower for the Coal Mining Industry: An Assessment of Adequacy through 2000
prepared for the U.S. Department of Energy (Washington, DC, March 1979).

Science Applications International Corporation, "Development of RAMC Longwall Model Mines: Final
Summary Report" (unpublished report prepared for the Energy Information Administration, March 1991).

Science Applications International Corporation, "Enhancement of Short-Term Coal Supply Modeling
Capabilities: Final Report Volume |," (unpublished reportamegbfor the Bergy Information Administration,
March 1989).

SproulsMark W.,"Operators Predict Return to NormaGbal, MacLean Hunter (January 1992), pp. 32-35.

SproulsMark W., "Operators Foresee More Growtli891,"Coal, MacLean Hunter (January 1991), pp. 36-
41.

Sprouls, Mark W., "Producers Expect Growth Ye&@gal, MacLean Hunter (January 1990), pp. 40-45.

Suboleski, S. C., et. aCentral Appalachia: Coal Mine Productivity and Expans(&®RI Report Series on
Low-Sulfur Coal Supplies) (Palo Alt@A: Electric Power Research Institute (Publication Number IE-7117),
September 1991).

Subokski, StanleyC., Independent Expert Review of Documentation of the Resource Allocation and Mine
Costing RAMC) Model prepared for the Energy Information Administration (Washington, DC, June 1988).

Suboleski,StanleyC., Report Findings and Recommendations, Coal Production Submodule Review of
Component Design Reppgrepared for the Energy Information Administration (Washington, DC, August
1992).

Zimmerman, Martin B.,"COAL an Economic Interpretation of Reserve Estimates,"” Section in Energy

Resources in ak/ncertain Future: Coal, Gas, Oil, and Uranium Supply Forecasting (Cambridge, MA:
Ballinger Publishing Company, 1983).

58 Energy Information Administration/ Model Documentation: Coal Market Module



Appendix D

Model Abstract

Model Name: Coal Production Submodule

Model Acronym: CPS

Description: Produces supply-price relationships for 16 coal types and 16 producing regions, based on the
EIA Demonstrated Reserve Base, capacity utilization, and charlgbsirproductivity and factor input costs.

The model serves as a major component in the National Energy Modeling System (NEMS).

Purpose of the Model: The purpose of the model is to produce annual domestic coal supply curves for the
mid-term (to 2015) for the Coal Distribution Submodule of the Coal Market Module of the NEMS.

Model Update Information: December 1994
Part of Another Model?: Yes, part of the:

e  Coal Market Module
e  National Energy Modeling System

Model Interface: The model interfaces with the following models:

Coal Distribution Submodule
Electricity Market Module
Petroleum Market Module
Macroeconomic Activity Module

Official Model Representative:
Office: Integrated Analysis and Forecasting
Division: Energy Supply and Conversion
Branch: Coal, Uranium and Renewable Fuels Analysis
Model Contact: Michael Mellish
Telephone:(202) 586-2136
Documentation:

e  Energy Information AdministratiorGoal Production Submodule Component Design Repoaft),
May 1992, revised January 1993.

e  Energy Information Administrationylodel Documentation, Coal Market Module of the National
Energy Modeling SysterRart I, March 1994.
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Archive Media and Installation Manual: CPS95 Annual Energy Outlook 1995
Energy System Described by the ModelPotential coal supply at various f.0.b. mine costs.
Coverage:
e  Geographic: Supply curves for 16 geographic regions
e  Time Unit/Frequency: 1990 through 2015
e  Product(s): 16 coal types
e  Economic Sector(s): Coal producers and importers.
Modeling Features:

e  Model Structure: The CP®mploys regression models to determine marginal costs for underground
and surface coal mines.

e Modeling Technique: Four steps are involved in the construction of coal supply curves:
- Project coal production capacity by region, mine type, and coal type
- Estimate relationship between capacity utilization and marginal cost
- Construct generic coal supply curves

- Adjust supply curves for reserve tktfon, labor productivity changes, and changes in real labor
and fuel costs

e  Model Interfaces: Coal Distribution Submodule, Electricity Market Module, Petroleum Market
Module, and Macroeconomic Activity Module

e Input Data: Base year production, capacity, prices, productivity projections, heat and sulfur content
averages, reserve depletion functions.

e Data Sources: DOEdata sources: EIA-6 database, EIA-7A databasentory of Power Plants in
the United State@rarious years)Petroleum Marketing Annual 1998nd the RAMC model and data
library. NonDOE datassources: FERC-423 database andihieau of Labor Statistics Establishment
Data: Employment, Hours, and Earnings

Computing Environment:
e language Used:FORTRAN
e  Core Requirement:

] Estimated Cost to Run:

e  Special Features:None
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Independent Expert Reviews Conducted:

] Suboleski, Stanle€., Report Findings and Recommendations, Coal Production Submodule Review
of Component DesigreRort, prepared for the Energy Information Administration (Washington, DC,
August 1992).

e Kolstad, Charle®., Report of Findings and Recommendations on EIA's Component Design Report
Coal Prodiction Submodulgprepared for the Energy Information Administration (Washington, DC,
July 23, 1992).

Status of Evaluation Efforts Conducted by Model Sponsor:The Coal Production Submodule (CPS) is a
new model developed for the National Energy Modeling System (NEMS) during the 1992-1993 period and
revised in1994. The version describedthis abstractvas used in support of tienual Energy Outlook

1995 No prior evaluation effort has been made as of the date of this writing.

References:

e  Energy Information AdministratiorCoal Production Submodule Component Design Repoaft),
May 1992, revised January 1993.

e Energy Information Administrationylodel Documentation, Coal Market Module of the National
Energy Modeling SysterRart I, March 1994.
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Appendix E

Data Quality and Estimation

Data Series Used in the Development of the Regression Models

Regression models for estimatingfate andundergroundnarginal costs gbroduction were developed using
a combination ofross-sectional and time series data. The cross-sectional data include annual level data for
the 16 coal supply regions defined for NEMS, and thedirnies data include data from 1979 through 1'886.

The cross-sectional dataimded annual data for the 16 coal supply regions defined for NEMS, and the time
series data included data for each of the coal supply regions for the years 1979 through 1986. Separate
regression models by region and coal twmeenot developed due to the limited amount of available data
(primarily the lack otapacity utilization data prior to 1979) and because mining costs are not dependent, to
any significant degree, on coal type.

Historical data for developing the regression modetse collected from a number of sources. Data on
average minemouth prices and labor productiwigéyeobtained from thé&IA-7A database. Data dabor

costs wereobtained from theéBureau of Labor Statistics Establishment Data: Employment, Hours, and
Earnings which provides average weekly earnings for the bituminous coal and lignite industry for selected
States that include Alabama, lllinois, Ohio, Pennsylvania, Utah, and West Vitginia. Data on diesel fuel
prices were represented by refiner prices for no. 2 diesel fuel andbtaised from th&lA's Petroleum
Marketing Annual 1990

Data on capacity utilizationexe derived on thieasis of annual production and daily capacity utilization data
from the EIA-7A database. Capacity utilization was calculated using the following equation:

U = P(100)/C
where
U = capacity utilization (percent)
P = production (tons/year)
C = productive capacity (tons/year)

The production values used in the above equation were taken directly from the EIA-7A database. Capacity
(C) was estimated on the basis of the daily capacity data contained in the same database. The daily capacity
values were converted to annual capacity estimates basassomptions concerning the standard work
schedule at coal mines. Nonrespondents to the request for daily capaciteatdentified andieleted,;
separataitilization estimates were developed by mine size category to enable correction for the fact that the
nonrespondents tended to be small operations.

In an initial analyses, the value of productive capacity (C) excluded the capacity of idle mines. Since only
those mines that produced coal in a giyear are required to report on Form EIA-7A, daily capacity data for

idle minesare unavailable. Subsequently, rough estimates of the capacity associated with idle mines were
developed and added to the capacity of active mines to yield new values of productive capacity.

“EIA did not publish capacity utilization data during the 1987-1990 time period.
“Data on labor costs for these particular States were assumed to be representative of regional rates.
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Two main steps were involved in the derivation of idle mine capacity. First, mines that were idle in a given
year weradentified on the basis of whether or not they appeared in the EIA-7A file in prior and subsequent
years. Specifically, a mine that did not appear in the file in a given year x, but did appear in the file in both

a previous garanda subsequentwar, wasassumed to be idle in year x. Next, the capacity of each idle mine

was estimated based on data reported by the mine in prior and/or subsequent years. Specifically, the capacity
of the mine was calculated for each yfearwhich data were available for the mine; the three largest capacity
values were then averagedéther to yield the estimated capacity for the mine in the year(s) in which it was

idle.

The regression modelsye stimated using single pooled cross-sectional data. The results of the regression
analysis are presented below.

Regression Model for Estimating Marginal Costs of Production at Underground
Mines

MMP; = EXP[1.431(1/LR ) ©.972(CY, ) + 0.046(DFP"§ +0.5*10 (LC )-0.137 (P1 ) -
0.193(D2,) - 0.268(D3 )] (39)
where
MMP,, = Average minemuth price of coal atnderground mines by supply region i in year

t (1982 dollars per ton)

LP;, = Predicted average labooguctivity (from dage 1 equation) at underground mines
by supply region i in year t (tons per miner hour)

CU,, = Predicted average capacity utilization (from stage 1 equation) of underground
mines by supply region i in year t (fraction)

DFPR, = Average U.S. diesel fuel prices in year t (cents per gallon)

LC;, = Labor costdor underground mines by supply region i in year t (average annual
wages per miner in dollars)

D1, = Dummy variable for Alabama coal supply region
D2, = Dummy variable for western Kentucky coal supply region
D3, = Dummy variable for lllinois-Indiana coal supply region

The R-squared value for the model B9B8. The parameter estimates, standard errors and t-statistics for the
model are provided in Table E-1.

64 Energy Information Administration/ Model Documentation: Coal Market Module



Table E-1. Selected Statistics for the Marginal Cost Regression Model for Underground Mines

Parameter Standard
Variable Estimate Error t-Statistic
ULPy o 1.431 0.1018 14.062
CU, ... 0.972 0.1528 6.364
(DFPM)“2 ...................... 0.046 0.0150 3.036
LC v 0.5*10* 0.5*10°% 10.188
0 -0.137 0.0537 -2.548
D2, -0.193 0.0496 -3.888
D3 i -0.268 0.0498 -5.386

Regression Model for Estimating Marginal Costs of Production at Surface Mines

MMP; , =

where

MMP; ,

LP,,

CU,,

DFP,
D1,,
D2,
D3,

D4,

[3230.151(1/LR 3 + 149.37Q(CU°) + 67710 (DFP ) + 230.289(D1 ) +
844.413(D2, ) + 182.551(D3 ) + 163.288(D47)] (40)

Averageminemouth price of coal at surface mines by supply region i in year t
(1982 dollars per ton)

Predicted average labor productivity (from stage 1 equation) at surface mines by
supply region i in year t (tons per miner hour)

Predicted average cajigaitilization (from stage 1 equation) of surface mines by
supply region i in year t (fraction)

Average U.S. diesel fuel prices in year t (cents per gallon)
Dummy variable for West Virginia

Dummy variable for Alabama

Dummy variable for West Kentucky

Dummy variable for lllinois-Indiana

The R-squared value for the model BAR8. The parameter estimates, standard errors and t-statistics for the

model

are provided in Table E-2.
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Table E-2. Selected Statistics for the Marginal Cost Regression Model for Surface Mines

Parameter Standard
Variable Estimate Error t-Statistic
(1/LPM)2 ....................... 3230.151 91.056 35.474
(CUM)6 ........................ 149.370 33.574 4.449
DFP, i 6.7°107 2.2°107 3.018
0 230.289 37.111 6.205
D2, 844.413 36.009 23.450
D3 182.551 35.047 5.209
DA 163.288 35.665 4,578

66 Energy Information Administration/ Model Documentation: Coal Market Module



Appendix F

CPS Program Availability

The source code for the CPS program is available in file CN6005.PRJ.NEMS.FORTRN.
COAL.D0926941. This file is available from the program office.
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