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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 System's (NEMS) Coal Market Module (CMM) used to devetomtied

Energy Outlook 1996ME096) This report catalogues and describes the assumptions, methodology, estimation
techniques, and source code of CMM's three submodules. These are the Coal Production Submodule (CPS), the
Coal Export Submodule (CES), and the Coal Distribution Submodule (CDS).

This document has three purposes. It is a reference document providing a description of CMM for model analysts
and the public. It meets the legal requirement of the Energy Information Administration (EIA) to provide adequate
documentation in support of its statistical and forecast reports (PlLéoc93-275, Federal Energy
Administration Act 0f1974,Section57(B)(1), asamended by Public La®4-385).Finally, it facilitates the
continuity in model development by providing documentation from which energy analysts can undertake model
enhancements, data updates, and parameter refinements as future goals to improve the quality of the module.

Module Summary

CMM provides annual forests of prices, production, and consumption of coal for NEMS. In general, the CDS
integrates the supply inputs from the CPS to salisfigands for coal from exogenous demand models. The CES
forecasts anual world coal trade flows from major supply to major demagithns and provides annual forecasts

of U.S. coakexports and imports for input to the NEMS Coal Distribution Submo8plcifically, the CDS

receives minemouth prices produced by @RS,demand and other exogendnputs from other NEMS
components, including the CES, and provides delivered coal prices and guantities 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 gegrates a different set of supply curves for the CMMefwrh year in the forecast period. The
construction of these curves involves four majeps forany givenforecast yearrirst, CPS projects coal
production capacity by mirtgpe, and coal type for each year of the forecast period. Second, the CDS estimates
the relationship between capacity utilization of mines and marginal costs to produce capacity utilization-marginal
costs curves byegion and mining method. Then the projected capacity, in conjunction with the capacity
utilization-marginal costs curves, are used to construct generic short-run supply curves. These curves reflect only
the relationship between thevel of production and marginebsts. Finally, to reflect the effects of reserve

Energy Information Administration/ Model Documentation: Coal Market Module v



depletion,changes in labor productivity, changes in real-labor anccig# on the marginal costs, a vertical
adjustment is made to the short-run curves along the y-axis.

Coal Export Submodule

The CES provides annual émasts of U.S. coal exports and imports in the context of world coal trade for input
to NEMS. The CES uses 16 ceabport regiongincluding 5 U.Sexport regions) and 20 coal import regions
(including 4 U.S. import regions) to forecast steam and metallurgical coal fidvich are computed by
minimizing total delivered cost by a constrained Linear Program (LP) model. The constraints on the LP model
are: maximum deliveries from any one export region; sulfur dioxide limits; and international coal supply curves.

Coal Distribution Submodule

The CDS determines the least cost (minemouth price plus transportation cost) supplies of coal by supply region
for a given set otoal demands in each demand sector in each demand region using a linear programming
algorithm. The transportation costs are assumed to change over time across all regions and demand sectors. These
rates are escalated over time in response to changes in labor, material and fuel cost trends. The CDS uses the
available data on existing utilityoal contracts (tonnage, duration, coal type, and origin and destination of
shipments) to represent coal shipments under contheegeTcontracts are honored through their expiration date.

Organization of This Report

The next three sections of this report give the specifics of the CPS, CES, and the CDS respectively. Each section
will detail each submodule's objectives, assumptionsemaitical 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 willige supporting documentation for the CMM files currently
residing on a computer workstation at EIA. 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
is also provided in Appendix A. Each Appendix B contains a mathematical description of the computational
algorithms used in the respective submodule of CMM, including model equations and variable transformations.
Each Appendix C is a bibliography of reference materials used in the development process. Appendix D consists
of model abstracts, and Appendix E discusses data quality and estimation methods.
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Part —Coal Production Submodule
Model Documentation

1. Introduction

Statement of Purpose

This chapter documents the objectives and the conceptual and methodological approach used in the development
of the Coal Production Submodule (CPS). It providdssaription of the CPS for model analysts and the public.

The chapter describes the assumptions, methodology, estimation techniques, and source code of the CPS. As a
reference document, it facilitates continuity in model development Wigiog documentation from which energy

analysts canndertakanodel enhancements, data updates, and parameter refinements to improve the quality of
the module.

Model Summary

The modelingapproach to regional coal supmurve construction discussedtinis chapter addresses the
important coal supply-related issues of capacity utilization, lead-time constraints, future technological
developments, and reserve depletion. The effect of capacity utilization on wustsgis captured through
region/mining method regression analysikich relates utilization to price. Theodel definescapacity
utilization/marginal cost curves and converts them into supply curves through capacity projections developed
separately. The capacity projections limit the coal supply availablgiwem year to reflect the lead time required

to opennewmines. 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 Costing (RAMC) Model. The cost impact of technological development is captured by estimating its
effect on labor produdtity. The regression equations, together with exogenous productivity forecasts, estimate
the percentage change in cost due to productivity changes and changes in labor costs and fuel prices.

The CPS generates a different set of supply curves for the NEMS' Coal Market Module (CMM) for each year
in the forecast period. The construction of these curves involves fourgtegjerforany givenforecastyear.

First, the CPS projects coal pumtion capacity by region, mine type, and coal type for each year of the forecast
period. Second, thEPS estimates marginal costs as a function of capacity utilizatomed and other
determinants of cost to produce capacity utilization/marginal cost 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: NEMS96 (Available from the Energy Information Administration, Office of Integrated

Analysis and Forecasting)
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)
® 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-term2Q@&5)annual domestic coal supply curves for the Coal
Distribution Submodule (CDS) of the Coal Market Mod@# M) of the National Energy Modeling System
(NEMS). The supply curves relate annual production to the marginal cost of supplying coal. Sepphate

curves are developed for each mine type (surface or underground), coal type, and supply region. The method for
developing the supply curves limits the forecast horizon to 30 years. Modifications to the method will be required
for longer term forecasts (i.e., forecasts beyond 2015).

The model is part of #arger integrated National Energy Modeling SystMEMS). The NEMS is a
comprehensive, policy-oriented modeling system wiitth existing situations and alternative futures for the

U.S. energy system can be described. NEMS objective is to delineate the energy, economic, and environmental
consequences of alternatigaergy policies by providinfprecasts of alternative mid- and long-teznergy

futures using a unified system of models. Each production, conversion, transportation, and consumption sector
is implemented as a module in the NEMS, sungbly and demand equilibration among these sectors is achieved
through arintegrating framework. Annual forecasts are provided through a 20-year horizon. NEMS is capable
of providing forecasts of energy-related activities in the Unitates at the national and regiotealel.

Moreover, the NEMS will provide comprehensive, integrated forecasts fanthel Energy Outloak

Coal Typology

The model's coal typology includes four thermal and four sulfur grades of coal for surface and underground

mining. The four thermal grades correspond generally to the three ranks of coal (bituminous, subituminous, and
lignite) and a premium grade bituminous coal used primarily for metallurgical purposes. The four sulfur grades

were selected to correspond to emissions limitations specified in the Clean Air Act Amendments of 1990.

The coal typology potentially yields 3dssible sulfur/thermal 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 repaseniatwhich inter-
substitution of different coals technically and economically constrained. Similarly, the boundaries between
sulfur grades represent points where intersubstitution is limited by regulation.

Coal Supply Regions
Sixteen coal supply regions are represented in the model. The coal regions areTlaa inand 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.
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Figure 1. Heat and Sulfur Content Categorization of Coal in the CPS
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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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Model Inputs and Outputs
Model input requirements are grouped into three categories, as follows:
e User-specified inputs
® 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
year, total coal exports prior to the base year, labor productivitiglamdcost escalation factors. Inputs obtained

from other NEMS modules 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 dile containing estimates of annual reductions in exigtiige 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 primaryoutputs of themodel are annual cosupply curves. Annual supply curves (price/production
schedules) are provided for each supply region, mining method, and coal type. Other output quantities also are
provided 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 2015) coal supply curves. A distinct set of supply curves is determined
for each forecast year. The supply curves are required by the CDS submodule of the CMM. The information flow
between the model and other NEMS 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 fothe nonmanufacturing sector from the Macroeconomic Activity Module (MAM) by
census region in year t + 2 (not used forAE®96forecasts).

6 Energy Information Administration/ Model Documentation: Coal Market Module



Figure 3. Information Flow Between the CPS and Other Modules
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3. Model Rationale

Theoretical Approach

The purpose of the CPS is to construct a distinct set of coal supply curves for each forecast year in the NEMS.
The model constructs the supply curves in four separate steps. Forglregal production capacity is projected

by mine type and coal typ&lext, the relationship betweenine capacitytilization and marginal cost is
estimated and regional capacity utilization/marginal cost curves 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 mining costs of reserve depletion, labor
productivity changes, and changes in real labor and fuel costs.

In the past, EIA used the Resource Allocation and Mine Costing Model (RAMC) for mid-term forecasting. The
RAMC is an accounting arehgineering model that was used to generate domestic coal supply curves for input
to other EIA energy modelé. The RAMC performs an ancillary role in the NEMS by providing exogenously
to the CPS information to estimate the impact on mining costs of reserve depletion. The RAMC also provides
input for capacity curves used to project regional coal production capacity.

As indicated above, the CPS focuses on other factoctimdfenine costs in addition to reserve depletion effects.
These factors include capacity utilization, lead time constraints for opening new mines, labor productivity, and
real labor and fuel costs. Some factors, such as reserve depletion and labor productivity, have important mid- and
long-term effects on mining cos@ther factors, such as capacity utilization and lead time constraints, are more
important in the short and mid-term. By addressing other substantive factors in addition to reserve depletion
effects, the model de-emphasizes the significance of reserve depletion in determining mid-term mifing costs.

Underlying Rationale

Since NEMS produces annual forecasts, the supply curves generatednimydéhespresent the cost and
availability of coal in eacforecast year. In each year, the potential production represented by the supply curves
is constrained by the total mine capacity existing at the beginning of the year. New mines may open during the
year to meet anticipated or unanticipated 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 RAMC were used in the Coal Supply and Transportation Model (CSTM), the National Coal
Model (NCM), and the International Coal Trade Model (ICTM). These models were part of the Intermediate Future Forecasting System,
which was EIA's long-term integrated forecasting system prior to NEMS.

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, seam access method, 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 minA¢so, at least one additional 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 production or output measured relative to total capacity. In the shorittemmine
capacity essentially fixed, variations in production translate into variations in capacity utilization, and different
levels of capacity utilization typically imply different miniegsts 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 Theoreti  cal Foundation . Lead time requirements force mine operators to
determine the addition@lew minecapacity required in year t and to bepiior to year t the mingermit,
construction, and development processes forndve capacity. If the coal demand anticipated in year t
significantly exceeds or falls short of actual demand, the percentageeafapacity utilized in that year will vary

from 100 percent. For example, between 1979 and 1986, EIA data indicate that capacity utilization was less than
100 percent fothe U.S. coal industry as a whole—ranging frolmaof 86 percent inl979 to ahigh of 93

percent in 19886.

The excess capacity that characterizecdctda industry during th&980'swas not necessaritjue solely to

differences between expected and realized coal demand. Some of the excess capacity 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 are not uncommon. In many cases, a coal operator may open a mine whose design capacity exceeds
the current coal demand, with an expectati@tdemand will grow sufficiently to match the design capacity.
Widespread use of long-termontracts may encourage this practice: in general, a large mine will not be opened

until a long-term contract has been signed for at leastysmntiien of the mine's future production. Because large

mines are very capital-intensive, long-term contracts notelce the risk of opening a large mining operation,

but evidence of a long-term commitment may be needed to secure adequate financing.

Long-term contracts typically do not specify purchase of a specific 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 amount required by the buyer, actual purchases 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 capacity through short-term contracts or on the spot market. As demand increases over time,
the producer's ability tee# excess capacity generally 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
operations as well as to meet new demands, the excess capacity associated with new operations tends to mitigate
changes in the industry's capacity utilization 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 1970's, previously subeconomic reserves of
lower rank, low-sulfur coalere developedapidly in response to: (1) substantidlprice increaseg2) 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 the development of coal-based synthetic fuels basgatafrom experiments and demonstration

plants throughout the country; and (5) decreased reliance on natural gas for electricity generation, that resulted
from state and federal actions aimed at curtailisguse in industrial applicatiohs. High expectations of

°Energy Information AdministratioiGoal Production 1986DOE/EIA-0118(86) (Washington, DC, January 1988) and prior issues.

"Energy Information Administratiohe U.S. Coal Industry, 1970-1990: Two Decades of ChdPQ&/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.
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continued growth in demand for western coal resulted in a significant amount of excess capacity in the western
coal industry by the late 1970's. An evaluation of the western coal mining industry suggested that actual 1979
production represented only 71 percent of original pydtmtion planned capacity for a sample of surface mines

in Arizona, Colorado, Montana, New Mexico, North Dakota, and Wyo#ing.

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

Mine productivity may be improveéurther (and costseduced) through technological and managerial
developments that are relatedlirectly to excess capacity. Historically, technological chdrage been a
persistent factor in reducing coal mining costs. The diffusion of new technology and improved operating methods
into the coal industry hasccurred inboth expanding and contracting market conditions. Excess capacity
conditionsmay forceoperators to hasten efforts to introdumwv technologynd improved management
procedures, particularly if excess capacity persists, or is expected to persist, over a long time period.

The relationship between productivity and amithe capacityutilization is shown in Figure 4yhich depicts
marginaland average product curves for a representatine. As capacity utilization declines, tesel of
employment declines as workers are laid off; likewise, the level of employment increases with increased capacity
utilization. During this process, the marginal product of labor initially increases and then decreases with rising
employment levels.

The marginal product of labor meessithe 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 toTtail. is the point of diminishing marginal returns to
labor. After this point, incremental additions to labor cause the average product of labor to de¢hedise so
employing additionalabor may becounterproductive. Consequently, a mine will prefer to employ at the level
where the average product of labor peaks, L in Figure 4, saateincremental increasel@bor up tg L
increases the average outputwerker and each incrementlaborbeyond L. lowers the averagatput per
worker.

The relationship between labor productivity amdployment level is defined by tipertion of the average
product curve to the right of, Lwhere labor productivity is related inversely to employment level. If the mine is
operating, the employment level will be at least equal to L . Employment levels greater than L occur when the
mine is underutilized. Consequently, a decline in capatdization leads to a reduction in employment level and

a correspondingnprovement in labor productivity. As illustrated in Figure 4, if the employment level declines
from L, to L, the output peworkerrises from AP to AP . Also, the marginal product of labor increases as
employment level declines. As a result, marginal and average costs are reduced.

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 illustrates for a typical mine the relationship between price, marginal cost, average cost, and capacity
utilization. Amine will designits operation taninimize averagé¢otal costsHence, thepoint atwhich total

average costs are minimized (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
at which 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 eqyals P . For example, if the market price were loyer than P,
say R, the mine would operate at point B and produce at less than 100 percent capacity. At B, price is less than
average total cost and the mine does not recover its full cost of production. Under this condition, the mine's loss
is defined as the sum of areas 1,2, 3, and 4. However, at B the mine minimizes its loss; otherwise, losses would
equal the sum of areas 1, 2, 3, 4, 5, 6, and 7 (total fixed costs) if the mine were to shut down completely. Thus,

12 Energy Information Administration/ Model Documentation: Coal Market Module



Figure 5. Cost as a Function of Capacity Utilization
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in the short run, it is in the firm's interest to produce at B despite negative economié 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 costy).

°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 mat 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.
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Each mine's supply curve is defined as the portion of the marginal cost curve lying above the average variable
cost curve. The industry supply curve is obtained by aggregating over all mines the individual marginal cost
curves. Figure 6 illustrates for the mining industry the relatiomstigeen marginal cost and capacity utilization,

where point A represents 100 percedtistry 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 choostetcd'ichine when price declines below the mine's
average variable cost. Thus, declining coal prices may induce mines with higher average variable costs to cease
production. As marginal higher costnas idle (and temporarily "exit" the industry), the industry's marginal and
average costs decrease. Thus, as the industry adj@ssliting prices, a larger fraction of the industry's
"design" capacity corresponds to idle mines.

Capacity Utilization/Marginal Cost Curves for the CPS . In the CPS, capacity utilization/marginal cost
curves are developed from regression mogékre minemouth price is the dependeaartable and capacity
utilization, labor productivity, real labor costs, and real diesel dosts are the explanatory variables. As
discussed above, in a competitive market the mine will maximize profit (or minimize 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 pointwhere marginatost equals price. It is assumed that the bulk of repantedmouth prices
approximates closely the actual marginal cost of mining.

Although it is assumeithat coal industry behavior reflects the characteristics of a competitive market, there are

a number of factors that may cause the industry to deviate from a true competitive market structure. One major
factor is thedependency of coal producers on long-teamtracts with electric utilities. The characteristics of
long-term contracts that affecbal price formation includé€l) long-term contractypically are designed to

reflect full cost recovery of producers; and (2) long-teymracts act to insulate producers from short-term price
fluctuations. Other mechanisms for coal market transadiichsle thespotmarket, short-term contracts,
medium term contracts, and long-term contracts with short-term price re-offeners. The minemouth price
represents an average of these market transactionsaahdlistinct markdtansaction typically carries a
different level of pricing? Thus, the average minemouth price may not conform precisely to marginal production
costs associated with variations in factors of a relatively short-term nature such as capacity utilization and labor
productivity. These costae 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. However, historically, movements
in coal contract prices have tracked consistently movemesisoirmarket prices so that the trend in the
composite minemouth pri@proximates a competitive market. For this reason, it is believed that reasonably
representative relationships between the marginal cost of mining and the explanatory variables can be captured
through reported minemouth pricés.

Surge Capacity and Capacity Expansion . As suggested by Figures 5 and 6, in the short-run a mine can
produce in excess of 100 percent capacity. This "surge" capacity represents production that is greater than the
nominal design capacity (the capacitywich under normatonditions the mine is designeddperate). As
discussed above, the mine's design capacity corresponds to the point titentmiahginal cost equals the average

total cost (Point A in Figure 5). Average total costs are minimized at this point, and the mine operator will plan

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 Administratioost and Quality of Fuels for Electric Utility Plant4991 DOE/EIA-0191(91)
(Washington, DC, August 1992) and prior issues.

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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Figure 6. Industry Marginal Costs vs. Capacity Utilization

Marginal Costs (Dollars per Ton)

\ \ \ \ \ \
(0] 20 40 60 80 100
Capacity Utilization (Percent)

to operate at this point in theng run. However, production can be increased beyond design capacity, at the
expense of higher marginal and average costs. Therefore, if demand exists, and if the price of coal is high enough
to justify higher marginal costs, tmine will produce beyonds design capacity. In practical terms, this
additionalproduction might be obtained by adding a third production shiftta normally scheduled to

produce coal only two shifts per day. Alternatively, a mine scheduled to produce coal three shifts per day might
work Saturdays, Sundays, and/or holidays to increase output. The additional output realized by expanding the
production schedule may cometla¢ expense of higher labowsts(due to higher wageates paid for work
performed on weekends and holidays) and reduced productivity (due, e.g., to the hessgesferienced

workers and reductions in the amount of time available for preventive maintenance). However, as long as prices
are sufficient to cover the higher costs, it is likely that the mine operator will continue to produce to the maximum
level technically feasible using the existing equipment fleet. This 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, theperator will respond by adding to the mine's equipment fleet (thereby increasing its design
capacity) and/or openintgewmines. 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 increased,
will be limited by mine design and engineering considerationswlskelead time constraints will limit new mine
capacity additions. For a single year, lead times will limit the number of large mines opened to mines currently
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under construction prior to the beginning of the ¥fear. Since tless are planned based on expected demands,
they do not represent a source of capacity for meeting additional unforeseen demands.

Small mine operators thditave obtained necessary mining permiits 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 begins in January. Prior to passage of the Shifairtey Control and Reclamation Act (SMCRA)

in 1977,small mineoperatorsvereable to respond rapidly to unexpected demand increases by opening new
operationshowever, the permitting and bonding requirements creaté®MfyRA havereduced the small
operator's ability to respond rapidly to capacity shortfalls. Nonetheless, since some mine operators may obtain
mining permits for more properties than they actually expect to develop, a limited amount of additional capacity
above the amount provided by existing mines could be added to the supply curve by opening small operations.
In addition, a small amount of production could be addéggtourve by expanding the capacity of some existing
operationsHowever, it is unlikelythat thislimited amount of additional capacity potentially available from
existing mines and small new mines will be opened unless operators believe that the unexpectedly high demand
level will continue sufficiently to justify the capital expenditures. Finally, the portion of the supply curve lying

to the right of the 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
to that provided by the surge capacity of existing operations.

Adjustments to Coal Mine Capacity

The preceding discussion focusedshort-term issues that determine cost and availability of coal supply within

a single NEMS forecast year. The assumption underlying shortostrand availability is that industry capacity

is fixed; i.e.,thatnewmines willnot be opened. This assumption is sufficient for estimating coal supply for a
single year. However, since the NEMS forecast horizon is 25 yeamsptlemust 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 tBspOdal
Submodule. Mine capacity is projected by the mémtetach year of the forecast period. The annual capacity
projections are used to move the position of the design capacity point to the right on the coal supply curve (point
A on Figure 6)?° Thus, although the suppburve will remain fixed in lengtithin a forecast year, it will
become longerrbm oneforecast year to theext to reflechew mineopenings and the increase in available
capacity. The variables included in the capacity model are discussed separately below.

Coal Demand . The decision to openrgew mine is dong-run decision based on expected changes in coal
demand. Because of the lead time required to open a mine, the coal indisgtimake capacitgxpansion
decisions prior to year that the additional capacity will be required. Consequently, projections of coal demand in
yeart for yeart+x are used by the CPS and CDSlétermine coal mine capacity requirements in tear®
Projections of coal demand are obtained from the Electricity Market Module, the Coal Export Submodule, and
the demand modules. The CDS solves for the leat@astes of mine capacity by supply region, coal type, and
mining methodor yeart+x using the projections of coal demand in ytefar yeart+x and coal mine capacity

curves from the CP&.0al mine capacity estimates for yeex, as determined by the CDS, are provided to the
CPS.

“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.

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

Mining costs vary significantly and depend, in part, on the geological characteristics of the reserves. Coal mine
operatorgyenerally mine lowetost reserves prior to higher cost reserves to minimize production costs. Costs

tend to rise as reserves are depleted and operators are forced to develop less attractive coal deposits. Technology
development and other factors, however, may mitigate the effect of reserve depletion on mining costs. The model
considers these effects in estimating mining costs. However, the effects of reserve depletion and other factors are
considered separately to capture interrelationshipeaaexist among factors affecting mine costs. To capture
depletion effects, the model uses exogenous 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 rather than revolutionary in nature in the coal industry.
The introduction ofongwall mining into the United States in the mid-1960's provides 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 chaogeparable in scope to the introduction of longwall mining.
Furthermore, theseewtechnologies have increased their market shares gradually over time. For example, the
percentage of total underground production from continomonimg increased from 2 percentlif51 to 31

percent in 1961. BY971,the share of continuous mining coal production was 55 percent, 4880n
continuous mining accounted for 64 percenttatfl underground productidh. The percentageotsHl
underground prodtion mined by longwalls rose from less than 1 percent in 1966, to 4 percent in 1976, and to
approximately 16 to 20 percent by 1982ecéht dataollected by EIA shows continuing penetration during the
1990's, withthe share of total underground production rising from approximately 29 perd&®0irio 45

percent in 1994° For surface mines, the size and capacity of the various types of equipment used (including
shovels, draglines, front-end loaders, and trucks) has gradually but steadily increased over time.

Whether technological change represents improvements to existing technologies or fundamental changes in
technology systems, the changgs a substantial impact on productivity and costs. #fithexceptions,
transition in the coal industry to new technology has been gradual, and the effect on productivity and cost also
has been gradu&l. 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

3. 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).

8paul C. Merritt, "Longwalls Having Their Ups and Dowr@gdal, MacLean Hunter (February 1992), pp. 26-27.

Energy Information Administratiooal Data: A Referenc®OE/EIA-0064(90) (Washington, DC, November 1991), p. 10; and
Coal Industry Annual 1994OE/EIA-0584(94) (Washington, DC, October 1995), Table 5.

Dperhaps 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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® Increased depth of cutting drums on longwall shearers
e Continued penetration of improved longwall and continuous mining technology

® Increased utilization of conveyor belt monitoring systems, and extension of monitoring systems to the
production equipment

e Introduction of pillaring shields (currently in use at only two mines)
® 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 improvements in surface mining technology include the increased utilization of on-board computers for
equipment monitoring, the increased use of blast casting for overburden removal, and the continuation in the long-
term trend toward higher capacity equipment (e.g., larger bucket sizes for draglines and loading shovels and larger
trucks for overburden and coal haulage).

Technological developments during the NEMS time horizon pected to consist of incremental improvements

to existing technology rather than the introductionnefv technologies. Because of the complexity in
representing explicitly in the model thest impact okachpotential technology improvement, the effect of
incremental technology change is capturdidéatly through its estimated net effect on labor productivity. Since
technology developments in the mining industry redwsts primarily by impacting productivitgxogenous

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 region and mining method.
The cost effect of the labor productivithange for each succeeding year is determined 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 dueoki the change labor
productivity, as well athe factor cost inputbetween thdéaseyear and the forecast yedhis calculation is

based on exogenous productivity forecasts together with forecasts of the various factwosispuafter

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. Htg abfactor inputs to mining operations captured 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-term coal supply analysis approaches were reviewed.
These approaches are embodied in the following models: the EIA's RAMC, the coal supply module of ICF Inc.'s
Coal and Electric Utilities Model (CEUM), and the coal supply portion of Dhta Resources, Inc.
(DRI)/zimmerman Model. These approaches are outlined in this section. In addition, since the RAMC will supply
reserve depletion information to the CPS, thermaaim which the other coal supply modules estimate the effects

of reserve depletion is compared wiiat of the RAMC. Also, the supply analysis methodologies used in the
RAMC, the CEUM, and the DRI/Zimmerman model are compared with those to be incorporated into the CPS.
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Resource Allocation and Mine Costing Model

The RAMC generates coal supply curves that are used as input to other EIA models—most notably the CSTM.
The CSTM uses RAMC supply curves, in conjunction 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 formerly were used as an exogenous input to Eékindatiate Future Forecasting System (IFFS),

which produces energy forecasts for EIAsual Energy OutloakRAMC supply curves also have been used

as input for stand-alone model runs of the CSTM to analyze coal-related issues such as proposed changes in State
severance taxes and the potential impact of proposed coal slurry pipelines. The RAMC is included in NEMS, but

is maintained and operated off-line rather than being incorporated and execptatl afsan integrated
submodule of NEMS. The RAM&lpplies 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
supply regions 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 time. New mines are opened only when prodisotioexisting mines cannot meet a specified

level of demand. The RAMC assumes all mines operate at full capacity utilization under a presumption that coal
demand balances production capacity in the long4erm. REMC 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 calculation of
annual levelized costs 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 Federal Energy Administration in 1§76. oAgthe manynalyses the CEUM has been used

for are western coal development, Federal coal leasing, and acid rain mitigation proposals (including analyses
of various legislative proposdisading to the enactment of the Clean Air Act Amendmeni®8bfor the
Environmental Protection Agency).

The coal supply module of the CEUM uses a madet approach to produce mid-term coal supply curves. The
model incorporates 40 supply regions and 50 coal types (combinations of 7 heat/volatility level categories and
7 sulfur content categories, plus 1 anthracite catedbry). The effects of depletion, changes in labor productivity,
and changes in real costs of factor inputs on mining costs are estimated over the forecast period.

The coal supply module of the CEUM and the RAMC share common origins, since both are modified versions
of the coal supply model incorporated into the 1976 version of the National Coal Model. However, the current
versions of the models use somewhat different methods for deriving lemeliaed mining costs. Most revisions

to these models involved the addition of more detailed model wimiels better reflect variations in coal geology

and coal mining techniques. In addition, longwall model miaes heen added to reflect the growing importance

of longwall technology in the U.S. coal mining industry.

#This 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.

B|CF, Inc.,The National Coal Model: Description and Domation prepared for the Federal Energy Administration (Washington,
DC, October 1976); and Resourcen@gnics Corporatiomh Review of Coal Supply Modgjsepared for Assistant Secretary of Fossil
Energy, U.S. Department of Energy (Washington, DC, October 1982), p. V-6.

#ICF, 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).
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The ICF model and database modifications that differ from RAMC are: (1) the incorporation of mine start-up
(i.e., development) and shut-down productivity and production levels into the model's mine costing equations;
and (2) the incorporation of intertemporal rents into the algorithm used to calculate a minimum acceptable selling
price®

DRI/Zimmerman Model

The DRI/Zimmerman coal model is used to develop mid-femacasts for DRI Inc.'s coal analysis and
forecasting servic®&. In the DRI coal supply module, reserves are allocatetetost categories (defined
primarily by seam thickness for underground mines and by overburden ratio for surface mines), in contrast to
being allocated to coal min€s. As a result, the horizontal axis of DRI supply curves reflects the total amount of
recoverable coal reserves instead of potential annual production. Long-run marginal costs, which determine the
height of each step, are the sum of annual levelized capital costs and current year mine oper&ting 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 armnnual levelized cost. Geach supply curve, all reserves in the loveest category for a

particular region and coal type combination are produced before any reserves in the next highest cost category.
To limit the amount ohew production thattan come on-line in a givdarecast year, maximum annual
percentage increases/decreases in coal production are input by supply region. Intertemporal adjustments to mine
costs are made to reflect the impact of expected chantgsoinproductivity’® Thenodelincorporates 10

supply regions and 6 coal types (sulfur content categories).

The primary difference between the DRI model and the RAMC is that in the DRI model all reserves in the lowest
cost category for a particular region and coal type are produced aeforeserves in theext highest cost
category. In contrast, on a RAMC supply curve, where the horizontal axis represents potential annual production,
coal of various costs is produced at the same¥ime. Thus, in the RAMC, the producer with the highest mining
costs, as determéd by the annual level of coal demandtgated as the price leader. Producers lwitler

mining costs on the same supply curve earn economic rents.

All else being equal, depletion effects have less influence on minemouth price under the DRI approach because
(1) no producers earn economic rents and (2) reserves are not allocated to mines (thus assuring that lower-cost
reserves are completely exhausted before higher cost reserves are developed). A criticism of the DRI methodology
is that, since there are no unused committed reserves, price rises will continue to be forecast during a period of
decliningcoal demand: This is because tHeRI methodology assumésat all lowest cost reserves (i.e., the

lowest step on the supptyirve) are mined before thext higher cost reserves. Thagen duringperiods of

declining coal demand, all reserves in a cost category can be depleted and production would proceed to the next
highestcost category of reserves, with the result being higher price forddagtsver,this criticism is not

without exceptions sincdl) retirement of existing production capacity in the RAM@elshortens supply

curves and, therefore, can result in the condition of rising price forecasts during periods of decreasing coal
demand; and (2) both productivity increases @eaining wages result in downward adjustmentsugiply

curves in the current version of the DRI/Zimmerman model, which can more than offset estimated price impacts
of reserve depletion.

®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. Gofidun,
Evolution of Coal Market Models and Coal Policy Analypis73.

Resource Dynamics CorporatiégnReview of Coal Supply Modgts VII-52.

#King Lin, Data Resources International, Inc., Personal Conversation, March 18, 1992.

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

¥Resource Dynamics CorporatignReview of Coal Supply Modgts VII-54.
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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 methodology to develop supply curves.
Rather, the CPS constructs supply 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, however, are determined primarily from projected coal demands from other NEMS modules and
piecewise linear capacity curves developed through the RAMC methodology. An initial upward adjustment to
the supply curves is made on the basis of reserve depletion information from the RAMC. Additional adjustments
are made to capture the effects on mining costs of labor productivity changes and changes in real operating costs.

In addition to incorporating 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 ohew production capacity thaian come on-line in any given ydarcorporating the real-world

reality of lead-time constraints); and (3) analyze the impacts on the coal industry of variations from full coal mine
capacity utilization.

Both the CPS and the IGRodel accounfior depletion effects, labor productivity change, and changes in real
operating costs over the forecast period. However, unlike the ICF model, which incorporates projected or assumed
changes in labor productivity and real operating costs into its calculation of an annual level#?ed 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 mining costs (which the CPS captures as an exogenous input from the RAMC). Also, the regional
and coal type classification of the CPS is lesaildel than the 40 supply regions and 50 coal types classification

of the ICF model. By eliminating the need to use detailed reserve allocation armbsting algorithms (as

included in the ICF model) the CPS algorithm substantially reduces solution time requirements and meets the
NEMS requirement to minimize total module execution time.

Also, in contrast to the ICF model, the CPS limits the amount of hew production capacity brought on-line in any
given forecast year and models variations from full coal-mine capacity utilization that, for example, result from
uncertainty in future demand. However, it should be noted that the productivity and production profile for new
mines incorporated into ICH=Bine costing equations also address, taae limited extentnine lead-time
constraints, since new mines in the ICF model come on-line at less than full production capacity.

The CPS and the DRI model both estimate depletion effects, changes in labor productivity, changes in the real
costs of factor inputs on mining costs, and makea adjustments the supply curves over the forecast period.

The CPS also limits trmount 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 CPS for
a given forecast year are a function of current and previous year forecast results from other NEMS modules. Also,
as discussed above, unlike the DRI model,GRS reduces executiime by capturing exogenously the
relationshipbetween reserve depletion and mining rather than including detailed reserve allocation and mine
costing algorithms.

Finally, although the ICF and DRI models address some &eth€PS issues, the fact that thedels are
proprietary, not fully documented, not coded to NEM&nhdards, and not publicly availalteke them
inappropriate for use within the NEMS.

#ICF, 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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4. Model Structure

This chapter discusses the modeling structure 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 supply curves. The estimating equatiordandiagram showing the

sequence of computations are included in Appendix B.

The model constructs 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

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

e Step 4: Adjust the vertical position ech annuashort-run supphcurve to reflect the effects on
marginal cost of reserve depletion, labor productivity changes, and changes in real labor and fuel costs

e Step 5: For each adjusted annual supply curve, derive anst+gtgp curve with small price gradations
for input to the CDS.

Step 1. Production Capacity Forecasts

As discussed in Chapter 3, the capacity of existing operations constrains the quantity of coal available during
each year of the forecast 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 type
are estimated empirically using information obtained from other NEMS mddules. ntwatapacity
projections are based on information provided by the Electricity Market Module (EMM) concerning future coal-
fired power planfuel requirements and information provided by other NEMS modules concéuhimg
industrial, commercial, residential, and export sector coal demands. The long-term coal-fired power plant capacity
requirements projected by the EMM reflect changes in pplaat capacitydue to capacitadditions and
requirements, as well as expected shifts in demand by coal quality (due, for example, to the 1990 Clean Air Act
Amendments). Projected utility coal-fired povpdaint capacity requirements (represented as equivalent coal
demand) together with projected demands from other sectors and capacity/supply curvestasis floe
distribution by the CDS of projected coal capacity requirements.

®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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The capacity projection methodology is summarized briefly as follows:

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

e RAMC supply curves (representing the marginal cost of new capacity) adjusted for the effects of labor
productivity changes and changes in real labor and costerarerted to piecewise linear curves and
passed to the CDS

e convert adjusted RAMC curves to piecewise linear curves

® using atarget price and percent variations from that price, an 8-step-function curve is constructed as a
subset of the piecewise linear curve and is input to the CDS

® least-cost coal production capacities required to meetfmdjeoal demands are determined by the CDS
using the current CDS solution algorithm

e projected coal capacities are aggregated by the CPS to CPS supply region, coal type, and mine type and
adjusted for excess capacity.

Projecting Utility, Nonutility, and Export Coal Demand

Projections of utility coal demands currergthg obtained directly from EMM forecasts of coal-fired power plant
requirements. The EMM has a 6-year capacity expansion projection h&iizos,. the current version of the
CPS assumes a 2-ydead time to bring mines to meaningful production levels, estimates of coal demand are
obtained only for the second year of the 6-year Eddlhcity expansion projection horizon. The EMM provides
coal demand to the CDS by coal rank, sulfur content, and coal demandtegion.

Nonutility andexport sectocoal demands represent a small sharotall coal demand  Conceptually,
projections of nonutility and export secttgmand can be obtained using information provided by the NEMS
modules. For example, if coal pradus partially adjust capacity in each year to move toward a desired capacity
level, incremental capacity requirements can be approximated by a simple extrapolation model which projects
nonutility and export sector demand as a function of current and historical demani levels. The CPS emulates
this extrapolation method by obtaining frtime NEMS information concerning future expectations of nonutility

#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 ) = Ki(G )*(GF )*(HR ), wherg D is 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 | equals the
projected year and k is a constant. Coal demand estimates A @@6were 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, nonutility consumptiomas approximately 11 percent of total coal production and experes10 percent. BR015,
nontility consumption is expected ttecrease to nearly 9 percent of total gwatuction and export's share of total production is
projected to remain unchanged at 10 percent, See Energy Information Adminis&katioa) Energy OutlooR996 DOE/EIA-
0383(96) (Washington, DC, January 1996).

%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.
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and export sector coal demands. These expected demands are combined with the projected utility coal demands
to obtain total coal demands in the projected $ear.

Developing Capacity/Supply Curves from the RAMC

The RAMC supply curves estimate the marginal cosewfcoal production. In contrast to the marginal cost
curves used in the CRSnbedded in the development of the RAMC supply 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. Adjusted set of RAMC supply curves is passed to the CDS to determine the
least-cost distribution of new coal production capacity in response to projected coal demands.

The long-term annual RAMC capacity curees adjusted to capture the effects of changes in labor productivity

and changes in factor input costs &unal prices. For each projected year, changes fraseyear values are
computed based on projected changes in productivity, factor input costs, and fuel prices. The capacity curves are
shifted vertically to reflect the incremental changes to mining costs. The capacity curves are adjusted further to
account for the rettment of existing capacity. The adjusted RAMC capacity curves are converted to piecewise
linear curves. Then, using a target price and percent variations from that price, an 8-step curve is constructed as
a subset of the piecewise linear curve ardgst to the CDS. Th8-stepcurves are used in place of the full

RAMC step-function curves because: 1) they represent a good appimxioidhe RAMC step-function curves;

and 2) their use reduces model execution time, because a much smaller formulation of the linear program in the
CDS can be used to represent the domestic and foreign coal markets.

Aggregating to CPS Supply Regions and Adjusting for Excess Capacity

The CDS determines the least-cost distribution of projected capacity based on projected coal demands and the
step-function capacity curves. This procedure is discussed inllPartCoal Distribution Submodule
Documentation. The projected capacities are passed to the CPS.

A disaggregated set of projected capacities is passed to the CPS by the CDS. The CDS projects capacity by
supply region, demand region, coal type, and demand sector. The capacities must be aggregated to CPS supply
regions, coal types, amdinetypes. The CPS searches through the set of projected capacities to identify and
aggregate capacities corresponding to each CPS region, coal typ@megbe. When appropriate, the projected
least-cost capacities (required to meet demand and replace clgsieilyenexisting mines are retired) are

reduced to account for excess capacity existittgginprior year. Excess capacity is determined 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 for year 2.

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 estimate marginal costs as a function of capacity utilization, labor productivity, labor
costs, andliesel fuel costs. A distinct capacity utilization/marginal coste is developed for eaahining

method. In this step, estimates by coal typ@areletermined since mining costs are not significantly dependent

on coal type.

$"Currently, future expectations of nonutility demand are obtained from the NEMS restart file.

Energy Information Administration/ Model Documentation: Coal Market Module 25



Two distinct marginal cost regression modetseestimated: onéor underground mines amefor surface

mines. Because capacity utilization and productivity are both functipmef regression of these variables onto

price using an ordinary least squares approach would yield biased coefficient estimates. Thus, in order to obtain
consistent, unbiased estimates of marginal cost, a two-stage least-squares methodology was used in which the
estimated values of productivity and capacity utilization were used as input variables in the second stage.

In the CPS, supply curves essentially areldpeel 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 supply curves for all coal supply regions and coal types within a mining method. The end
portion ofeach capacity utilization/marginabst 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 yeh®3 3 though1975—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 of the regression model for estimating marginal costs of production at underground mines in
each supply region is as follows:

MMP, = EXP[a(1/LR ) + b(CY ) + c¢(DFP) +d(LC)-e(D)-fiD)-g(D)]

where,
MMP, = marginal cost of production at underground mines for supply region
LP, = predicted average labor productivity at underground mines in supply region
CuU, = 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 regression model for estimating marginal costs of production at surface mines in each
supply region is as follows:

MMP, = [a(1/psf +b(CUJ +c(DFP) +d(®)+e® )+ D)+ giP?)

where,
MMP, = marginal cost of production at surface mines for supply region
LPS = 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.
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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.

Step 3: Construction of Generic Marginal Cost/Capacity Utilization
Supply Curves

In Step 3, the capacity utilization/marginal cost curves are 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 utilization/marginal cost functions in conjunction with the endogenous capacity projection,
the CPS constructs a supply cune. {iproduction/price relationship) for each region, mining method, and mine
type. This is accomplished by converting ¥axis oneach capacity utilization/marginebst curve from a
percentage utilization to a tonnage outpbasis. Forany givenpoint on the x-axis, capacity utilization is
converted into a corresponding production level as follows:

Pkt = (u, /100)(9*4 )

where,
Pkt = corresponding production fieggion |, mining method j, coal type k and year t (tons)
U; = capacity utilization for region | and mining method j (percent)
Cijkt = projected capacity for region I, mining method j, and coal type k, in year t (tons)

Figure 7 presents a supply curve constructed on the basis of the capacity utilization/marginal cost curve shown
in Figure 6, and a projected capacity of 80 million tons. A comparison of Figure 7 with Figure 6 indicates that
the two curves are the same, except that the percentage utilization values on the x-axis have been replaced with
the corresponding production values derived in Step 1.

Once thex-axis hasbeen converted from a percentage 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
variables included in the regression model, in conjunction with information from an exogenous reserve depletion
function, the submodule adjusts the position of the supplye relative to the y-axis to reflect projected
geological, technologicahnd other conditions 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.
Other factors, such as technology change and reserve depletion, also canstffeBiut these effeabscur

primarily in the mid- and long-term. In Step 4, the effects of reserve depletion and changes in labor productivity
and real factor inputosts are captured through vertical adjustments to the sopplg. Supply curve
adjustmentsdue to changes labor productivity changes and real labor and fumdts are estimated
endogenously. Supply curve adjustmensseisited with reserve depletion effects are estimated from exogenous
RAMC-based reserve depletion functions. The procedures used by the CPS to capture in mine costs the effects
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Figure 7. Coal Supply Curve (Design Capacity of 80 x 10 TPY)
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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

The RAMC generates long-term annual coal supply curves. As discussed in Chapter 3, the RAMC and NEMS
regions and coal types are not equivalent. Thus, a RAMC post-processing program is used to aggregate RAMC
supply curves to the regions and coal types used by th@®Bost-processing program is maintained off-line,

rather thanincluded in theCPS. A typical aggregated RAMC supplyrve is shown in Figure 8. The upward

sloping supply curveaptures the shift fronower 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
applied to CPS supply curves (relating marginal cost tc@gputilization) to adjust the supply curves over time

to account for reserve depletion. The procedure is discussed below.

The CPS initially determines a base $faaarginal cost for each region, mining method, and coal type using the
CPS marginal cost regression equations. In the base year calculptigityaatilization in the CPS marginal cost
equations is set equal to 100 percent to maintain consistency with the RAMC supply curves (which reflect mine
costs for mines operating at full capacity). Also, base year values for labor productivity,

#The base year is 1990 for tAEO96forecast.
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Figure 8. Sample RAMC Coal Supply Curve
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labor cost, and diesel fuel cost are used so that the effect of reserve depletion will be captured exclusive of the
effects of these factors.

Next, for each region, mining method, and coal type, the endogenous capacity forecast from the CPS is plotted
on the corresponding RAMC curve. For example, considenttie shown in Figure 8. Suppose that, for a given
forecast year, capacity is projected to be 3 million tons. Based on Figure 8, when production reaches 3 million
tons per year, the RAMC cost estimate for production from the marginal mine, operating at full capacity, is $35
per ton.

Finally, a vertical adjustment for shifting the CPS supply curve is computed as the difference between the two
marginal cost estimates. Thus, the initial CPS supply curve is shifted upward such that, at the production point
representing full capacity utilization—e.g., 3 million tons per year in Figure 8--marginal costs are higher by the
amount of the computed difference. Blape 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 for each year of the forecast period. 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 willshift downward.Just asmine operators tend to open mines in lower-cost reserves before
developing higher-cost reserves, 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 capacity were 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 functions remain essestaitiigwith respect to time. In converting the
reserve quantities contained in each reserve block into the annuatiomduantities defining the length of each
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step, the RAMC assumes that the life of the new mines will be 30 years. Since the assumed mine life exceeds the
NEMS' mid-term 25-year forecasting horizon, none ohthe mines will fully deplete their reserves, and all will

be able to produce at full capacity throughout the forecast period. For this reason, the length of new mine steps
remain constant throughout the forecast period. However, the lengthfiottiiexisting)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 existing RAMC post-processing program produces a "decrement" file containing
estimates of the reduction in existing mine production capacity by supply region, coal type, and mining method
for each year of a 25-year period. The estimates are developed using mine-level data on recoverable reserves and
production capacity from the EIA-7A databasegdtimate the remaining 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 izused in the CPS to capture effects of technological improvements on mining costs, in lieu
of representing explicitly the cost impacteafchpotential, incremental technology improvement. In general,
technological improvemenddfect labor productivity as follow§l) technological improvements reduce the costs

of capital; (2) the reduced capital costs lead to substitution of capital for labor; and (3) more capital per miner
results in increased labor productivity. As determined by the marginal cost regression model developed for the
CPS, increases in labor productivity translate into lower mining costs on a per-ton basis. Using this approach,
exogenous estimates of labor prctiltty are provided to the CPS for each year of the forecast period. Separate
estimates are developed as inputs to the submodule for each region and mining method.

In the CPS, the cost effect of changes in labor productivity, from @ewaftryear to the next, is determined using

the marginal cost regression models for surface and undergninesl These models include labor productivity,

real labor costs, and real fuel costs, as well as capacity utilization, as independent variables. In each forecast year,
the projected values of labor productivity, real labor cost, and real diesel fuel cost variables are used to calculate
the change in costs due to changes in these factors between the base year and the forecast year. This calculation
is made usinghe exogenous productivity forecasts along with forecasts of the factocagpsiFollowing

adjustment of the supply curve's position to reflect reserve depletion, the supply curve is shifted vertically by an
amount equal to the calculated cost change (daceges in wages and fuel prices have a direct effect on mining
costs).

Step 5: Construction of Step-Function Supply Curves for Input to the
CDS

The CDS is formulated as a linear program (LP) and cannot directly uS#8anarginal cost/capacity
utilization supply curves, whose functional forms are exponential and polynomial. Rather, the CDS requires step-
function supply curves for input. Using an initial target price and percent variations from that price, an 8-step
curve is constructed as a subset of the full CPS supply curve and is input to the CDS. The 8-step curve is used
because the CDS requires finely gradat&p-function curves to satismodeling convergence criteria.
Conversion of the entire CPS supply curve to a stagifumcurve, with gradations similar to those of the 8-step
curves, would greatly expand the required size of the LP and slow down model execution time. For each supply
curve and year, the CMM uses an iterative approach to find the target price that creates the optimal 8-step supply
curve given the projected level of demand.
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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 idengidielsinput, the

variable name, the units for the input, and the level of detail at which the input must be specified. The required
production inputs also are used as inputs to the RAMC, andiitee $or these inputs is the RAMC data library.
Future levels of labor productivity are estimated byEh& For AEO9§ labor productivity estimates were
derived by assuming that, in the fiygar of the forecast period, productivity increasesrateaequal to the
average annual productivity increase over tbhentepast and that the initial rate of increase diminishes gradually
over the remainder of the forecast period. The average heat and sulfur content values are estirdated from
obtained from the FERC-423 database.

The inputs listed in Table A-1 acentained in a single "flat" file. The file is divided into four sections. Each
section corresponds tme of fourinput 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 ingéits.

Inputs Provided by Other NEMS Components . Table A-2 identifies inputs obtained from other NEMS
components and indicates the variable name, the units for the input, and the level of detail at which the input must
be specified. Diesel fuel prices are obtained from the Petroleum Market Module, coal-fired power plant capacity
is obtained from the EMM, and labor costs are obtained from the Macroeconomic Activity Module. Additional
run control variable are obtained from the NEMS integrating Module. These variables include the base year, the
forecast year, the current iteration, and a print control variabhleemaininginputs 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

| =  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 prices  National -- -- RAMC
Input file
NEMS_YEAR NEMS reference year National -- REF Set by user
DEF Deflator National . DEF PGDP price
deflator
M_SWITCH Controls modeling approach  National -- -- Set by user
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 Nationallyear -- -- EIA
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 term)  mine type analysis
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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 (excess  Supply region/ -- CEX EIA
capacity term) mine type estimate
N_EX Assigned coefficient (excess  Supply region/ -- N EIA
capacity term) mine type estimate
CAL_CAP Capacity in first forecast Supply region/ -- -- EIA-7A
year (as a fraction of base mine type
year capacity)
SF Surge capacity scaling factor  Supply region/ -- i SF EIA
mine type estimate
L_PROD Base year productivity Supply region/ Tons/manhour ;;,LP EIA-7TA
mine type
FR_PROD Forecast year productivity Supply region/ -- i:LP EIA
(as a fraction of L_PROD) mine type/year projection
ADJ_FORE Price adjustment variable Supply region/ Dollars/ton -- EIA
(currently set to zero) mine type/year 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 ik EIA Coal
mine type/coal Production
type 199Q
FERC-423
BTU Average heat content Supply region/ MMBtu/ton -- FERC-423
coal type
SULFUR Average sulfur content Supply region/ Lbs/MMBtu -- FERC-423
coal type
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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
PCNT_REC Number of capacity National -- -- File
curves definition
PCNT_REGION  Numerical supply Supply region -- -- Model
region identifier definition
PCNT_CTYPE Numerical coal Coal type -- -- Model
type identifier definition
PCNT_PRICE Initial target price Supply region/ Dollars/ton -- EIA
for capacity curves mine type/ estimate
used to build step- coal type
function curves with
8 steps
MCNT_REC Number of marginal National -- -- File
cost curves definition
MCNT _ Numerical supply Supply region -- -- Model
REGION region identifier definition
MCNT_CTYPE Numerical coal Coal type -- -- Model
type identifier definition
MCNT_PRICE Initial target price Supply region/ Dollars/ton -- EIA
for marginal cost mine type/ estimate
curves used to build coal type
step-function curves
with 8 steps
MCNT_STEP Variations from the marginal  National Fraction -- EIA
cost target estimate
price used to build
step-function curves
with 8 steps
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Table A-2. CPS Inputs Provided by Other NEMS Modules and Submodules

CPS Variable Description Specification Level Units Variable Used| NEMS

Name in this Report | Module/
Submodule

MC_NMFGWGRT Wage rate-- Census region/year Dollars/hour -- Macro-

nonmanufacturing economic
sector (not used model
for theAEO9§

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 wER CDS

demand sector/supply
region/mine type/coal
type

CDS_RECORDS Number of elements National -- -- CDSs

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

CDSs_DSs 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 N O CDS

demand sector/supply
region/mine type/coal
type for projected
capacity

P_RECORDS Number of elements National -- -- CDS

inarray P_QTY
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Table A-2. CPS Inputs Provided by Other NEMS Modules and Submodules (Continued)

CPS Variable Description Specification Level Units Variable Used| NEMS
Name in this Report | Module/
Submodule
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 capacity  region/mine type/coal
type for projected

capacity
P_CT CDS numeric mine CDS demand region/ -- -- CDSs
type/ coal type code demand sector/supply

for projected capacity  region/mine type/coal
type for projected

capacity
P_DS CDS numeric CDS demand region/ -- -- CDs
demand sector code demand sector/supply
for projected capacity  region/mine type/coal
type for capacity
projection

The CPS provides the user with the option of obtaining the diesel fuel and labor cost data from input files as opposed
to other NEMS components. This option may be exercised by setting to 0 the value of run 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 separate flat file. When |_SWITCH is set equal to 1, the @R&win normal "integrated" mode, and will obtain

the diesel fuel and labor cost data either from the above-listed NEMS modules or from the NEMS restart file.

Inputs Provided by the RAMC. The inputs obtained from the RAMC (onpre properly, th&(RAMC post-
processing program) are required regardless of the modeling approach used. These inputs are contained in two separe
files: the decrement file and the file containing the reserve depletion curves. The decrement file contains estimates of the
reduction in existingnine capacity, due to mimetirements, in each year of a 25-year period. The capacity reduction
estimates (represented by variahlg R in Appendix B) are specified in millions of tons. Each set of estimates, for each
region, mining method and coal type, are contained oadjagent records. The first record identifies the region, mining
method, and coal type, and contains the capacity reduction estimates for the first 15 years; the second record contair
the estimates for the remaining 10 years. Table A-3 lists and describes all of the variables read from the decrement file
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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

In the file containing the RAMC curvesach record corresponds tatap on the curve; a separateve is

included in the file for each region, mining method, and coal type. Theaatfon provided for each step includes

some details that are not required by the model (e.qg., the size of the mines represented on the step); the data that
will be read by the model include the codes identifying the region, mining method, coal type, anstéype of
(existing mine or new mine step), as well as the total capacity 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 primary output from theodel are thsupply curves. The general form of equations represesuingly
curves for underground mines is as follows:

MCijir = IN7 i H (M DEXPI(R 4 )Ry ) ] (1)
The general form of the surface mine equation is as follows:

MCiji = IN i HMT  + (67 ) (R ) 12 (2)
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Model output consists of the five constants™ IN, " ;M";,,,b*;, b, dhd x. Inaddition, the surge capacity
(SC,x. )" is output alongith the value of production;(R ) for which capacity utilization equals 50 percent.

The 50-percent production value and the surge capacity define the beginning goihtndf thesecond

segment of the supply curve. In addition to the outputs defining the nonlinear second segment, the CPS provides
the slope and the y-intercept of the first and third linear segments, along with the value of production at the end
point ofthe third segment (set equal to 10 times the surge capacity). Separate values of the output variables
defining the three segments are provided for each supply curve; i.e., for each region, mining method, and coal
type. In addition, the surge capacity represents the end-point of the supply curve. The outputs include the values
supplied as inputs to the model for the labor productivity, (LP in the preceding chapter), average Btu content,
and average sulfur content variables. Separate labor productivity values, for the j@aic@gtar), are

provided for each region and mining method. The CPS output variables are listed in Table A-5.

In addition to the outputabove which arepassed to the CDS, tihn@odel produces a time-serieport that
providesestimates of the price impact @ch of the supply-sidactorsmodeled in theCMM. The report

provides acomplete decomposition of the annual projected change in minemouth price of coal for each CPS
supply curve. The five key factors represented are capacity utilization, labor productivity, diesel fuel prices, labor
costs, and reserve depletion. With the exception of reserve depletion, corresponding base- and forecast-year
values for each of the factors also are provided in the report.

“Three separate values bfb ¥, b , arateprovided 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.

“ISurge 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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Table A-5. CPS Model Outputs

CPS Variable Name Description Units Variable Used in
this Report

CPS_YINT Y-intercept for first supply curve - Yl 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 ioC
supply curve segment

CPS_RINTER2 Supply curve constant -- **Ii!j\,l(,t

CPS_RMULT Supply curve coefficient - ™M 1T,

CPS_NMCUTIL Supply curve exponent -- “he Th

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
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 endog®us to the model 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 2C

INTER1 Constant term for supply curve -- N
function, following initial
calibration

INTER2 Constant term for supply curve -- *H,\Lt
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 ~ -- "B
term

UTILIZ Capacity utilization Fraction Heea

P_CAP, PCAP_S Projected mine capacity Million tons i1 C

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 -- s
function for utilization less than 50
percent

L_SLOPE Slope of linear segment of supply -- 0
function for production greater than
surge capacity

Y_INT Y-intercept of linear segment of -- il s
supply function for utilization less
than 50 percent

L_Y_INT Y-intercept of linear segment of -- it s
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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
UX 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 MC
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

Energy Information Administration/ Model Documentation: Coal Market Module

41



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  -- My
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 cost term in

marginal cost model

W_TERM Calculated value of labor cost term

in marginal cost model

PCNT_P Prices for each of the
steps on the 8-step
capacity curves input
to the CDS

PCNT_Q Quantities for each of
the steps on the
8-step capacity curves
input to the CDS

PCNT_PRICE Updated target prices
for capacity curves
used to build step-
function curves with
8 steps

SC_PRICE Prices for each of the
steps on the 8-step
marginal cost curves
input to the CDS

SC_QUAN Quantities for each of
the steps on the
8-step marginal cost
curves input to the CDS

PTARG Updated target prices
for marginal cost
curves used to build
step-function curves
with 8 steps

Dollars/MMBtu

Trillion Btu

Dollars/MMBtu

Dollars/MMBtu

Trillion Btu

Dollars/MMBtu
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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 supplyes. The 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 regréss equations for labor productivity, labor costs, and diesel fuel prices

® Step 7: Conversion of regression equations from utilization to production basis

o 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 = 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
c = coal demand region (CDS)
ds = coal supply region (CDS)
z = step on RAMC supply curve
Input Variables
Pkt = production for region I, mining method j, and coal type k, in year t-1
(millions of tons)
LP,;. = labor productivity for regionand mining method j, in year t (tons per miner
hour)
LC, = escalation index for labor costs in year t
F, = fuel price in year t (dollars per gallon)
PR kby = base-year minemouth price (actual), in dollars per ton, for region |, mining
method j, and coal type k, in the basan(fom the existing mine step on the
RAMC curve)
Rijkt = capacity etired, in region I, mining method j, and coal type k, in year t
(millions of tons)
DEF = deflator (fraction)
BASE = base year
REF = NEMS reference year
MMP,;; « = computedRAMC minemouth price for step z efipply curve for region I,
mining method j, and coal type k (dollars per ton)
Output Variables
SGjike = surge capacity for region |, mining method j, and coal type k, in year t
(millions of tons)
LP,;. = labor productivity for regionand 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

Miktls

Miktls

*k
IN i,j,k,t‘ 5

*k
IN i,j,k,t‘s

Pi,j,k,t‘ 5

finalized intercept for supply curve function, for region I, mining method j,
coal type k, and year t

finalized multiplierfor supply curve function, for region I, mining method j,
and year t

finalized coefftient for production term, for region I, mining method j, coal
type k, and year t

price in NEMS reference yedollars, for region Imining method j, coal type
k, step z, and year t (dollars per ton)

marginal costs on tHamear supply segment for capacity utilization between
0 and 50 percent, for region I, mining method j, and coal type Kk, in year t
(dollars per ton)

marginal costs on the arsupply segmerfor production greater than surge
capacity, for region I, ming method j, and coal type k, in year t (dollars per
ton)

slope oflinear segment of supply function for production at capacity
utilization between 0 and 5@neant, for region |, mining method j, coal type
k, and year t (set equal to 0.01 $/mm tons); see description of Step 9.

slope of lineasegment 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 5@neant, for region |, mining method j, coal type
k, and year t

y-intercept ofinear segment of supply function for production greater than,
for region |, mining method j, coal type k, and year t

production at 50 percent capacity utilization, for region |, mining method j,
coal type k, and year t

Other Variables Used in the Model

a
C ij,k,t
Gk
ING,

*
IN e

unadjusted projected capacity for supglgion I, mining method j, coal type
k (millions of tons)

projected capacity for region I, mining methodrjd coal type k, adjusted for
excess capacity (millions of tons)

intercept for region |, mining method j, and coal type k, following initial
calibration

intercept, as modified for reserve depletion effects, for region I, mining
method j, coal type k, and year t
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MCi,j,k,t
ij,t
EC k.t
b*i,j,k,t

Sk

i

EXCi,j,k,by

PRAMG;

PRAMC' .

CG

ot

APz,i,j,k,t

marginal costs fasupply region |, mining method j, and coal type k, in year
t (dollars per ton)

marginalcost model multiplier, for supply region I, mining method j, and
year t

amount oéxcess (i.e., unused) capacity in forecast year t, for supply region
I, mining method j, and coal type k (millions of tons)

coeffident for productiorterm, for region I, mining method j, coal type k,
and year t

scaling factor for surge capacity, for region | and mining method j

capacity of mines existing as of the base year, in region I, mining method j,
and coal type k (millions of tons)

minamouth price at full (100 percent) capacity utilization from the RAMC
supply curve, in region |, mining method j, and ¢gpé k, and year t (dollars
per ton)

minamouth price at full (100 percent) capacity utilization from the RAMC
capacity cuve, in region |, mining method j, and coal type k, and year t
(dollars per ton)

change in costs between the base year and year t, for region | and mining
method j (dollars per ton)

adjusted gar t price orstep z of supply curve for region I, mining method |,
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:

MC,;x: = EXP{g + b By, /Gk: ) +{c/LE ) £d(LC) + & )} (3)

For surface mines:

where,

Capacity utilization is represented as production, expressed as a fraction of capacity in the equations. For
calibration purposes, base year values of productigp, (P

50

MCiike =18 + B (Rt Gxr j + [c/(LR: 31 +e (F ¥ (4)

g,b,¢,d,e =regression coefficients

), capagi;;y (C ), labor productMty (LP ), and
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the two factor cost inputs (LC and & povided as mdel inputs. Using 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) ®)

Intercepts calculated using the equation abereeadded to each marginal cost equation (Equation 3 and
Equation 4) 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, miningnethod, and coal 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, ineach forecast year t, the CiRfracts vith theCDS to project capacity requirements in the year t + 2.

The CPS passes to the CD&ehof step-function capacity curves derived from RAMC capacity curves, each
consisting of eight step¥he curves are adjusted to capture the effects of productivity changes, changes in
reallabor costs and real fuel costs, and capacity retirements. The adjustments are made to the full RAMC
capacity curves prior to their conversion to the eight-step curves.

The adjustments for productivity changes and changes in real labor costs and real fuel costs is based on the
CPS maginal 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 productivity, labor costs, and fuel costs in the projected year. For underground mines, the marginal
cost at full utilization reduces to:

MC'® kw2 = Iy + EXP{g + b + (C/LP, ) +d(LC) HedF ™) } (6)
For surface mines, the marginal cost at full utilization reduces to:
MC* iz = Iy + {8+ + ¢ /LR § 46 Y (7)

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 (8)
The incremental cost adjustment is added to each new mine step on the RAMC capacity curve, as follows.
RB, w2 = PRAMC,;, (., +ACP )
The RAMC capacity curves are adjusted further for retirement of existing capacity. The capacity retired
through the projectedkar t + 2 iobtained from the RAMC ‘&tremenfile." For each projected year, the CPS
determines reniaing existing capacity by subtting from the capacitgxisting in forecast year t the capacity

to be retired by the projected year t + 2, as follows:
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Ei,j,k,t+2 = E,j,k,t - CRj,k,t+2 (10)

The RAMC capacity curveare a series ateps where the height of each step represents the price of coal and
the length okach step repsents the amount of capacity available at each price. Each RAMC capacity curve
is converted to a series of linear segtaeThe pecevise linear capacity curves slope upward and to the right,
representing the assumption that the least-cost capacity will be developed first.

Then, using a target prieed percent variations from that price, an 8-step curve is constructed as a subset of
the piecewise linear curve and is input to @2S. The CD$asses back to the CPS projected capacity by
supply region, CDS co&ype/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 :ZCGIsteiCCDSC,ds,j,k,HZ (11)

In order to ensure that projected capacity moves toward adonggpuilibrium value, the capacity projections

are ajusted to capture theffect of exess capacity on capacity 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 :ansteiSHleDSc,ds,j,k,t-l (12)
Excess capacity in the forecast year t is calculated as follows:

ECjkt = Ciker = P (13)
The adjustment for excess capacity is as follows:

Cijkt = Cai,j,k,t - CEX *(EGk, ) (14)

where CEX and N are coefficients specified by the tfser.

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: = (SE )Gk: ) (15)

“2The 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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The scaling factors, used in Equation 15 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 modetputs the decrement file and the file containing the reserve depletion curves. In
eachforecast 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 (16)

EXC,; by 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 reskapietion curve. The value on the y-axis
corresponding to the capacity value represents the totaltestipréce (including the reserve depletion effect)

at full (100 percent) 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

effect. The lase year price, at full capacity utilization, is computed by solving the marginal cost/capacity
utilization equation. This equation, as calibrated in Step 1, is as follows:

For underground mines:

MCijke = INjj + EXP{a + b[(Bx: VGxe 1+ {c/LP ) £d(LC) + e(F) } (17)
For surface mines:

MC, )i = IN +{8 + B (R /Gui ) +Ic/(LR )1 +He(F) Y (18)
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 \déia are set equal 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) cpacity** Labor productivity, labor costs, and fuel costs are held constant

“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 assumeprtaibeing 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.
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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 labor productivity, labor costs, and fuel costs are captured in
Step 6.

The effect of reserve depletion on price is equal to the forecast price obtained fre¥ANI@ curve
(PRAMC;;,) minus the baseegr price stimate (MG, , ) that is calculated using equations 17 and 18. These
equations include the adjusant for the initial calibration to historical data (intercept, (IN )). The equation

for the new intercept term (TNkt ), which accountsifoth the initial calibration and the effect of reserve
depletion on price, is as follows:

IN*i,j,k,t = PRAMCT,],k,t - MQ,j,k,t (19)

In subsequent sps, the new interceptﬂ}vlkvt replaces the original intercgpt IN  in the marginal cost
equation.

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;; i = IN' iike T (ML OEXP{R (Rt /Gke )} (20)
where,
=EXP[a + (/LR ) +,d(LC)  e(F) ] (21)
For surface mines:
MCiju = IN' o + MR+ B (Rt /G 17 (22)
where,
M ={a +[G/(LR; F1+ e (F}} (23)
Since the variables Y] andyl are calculated using the forecast year (year t) values of labor productivity,

labor costs and fuel costs, Equations 20 through 23 capture the changes in productivity and factor costs
between the base year and the forecast year.

Step 7: Conversion of Regression Equations from Utilization 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 20 through 23 with the corresponding
projected capacity value and simplifying. The simplified version of Equations 20 through 23 are as follows:

54 Energy Information Administration/ Model Documentation: Coal Market Module



For underground mines:

MC;; i = IN,]kt+(l\/r‘,t)EXP[b‘,kt( Rike )] (24)
where,
Bike = B/Gk (25)
For surface mines:
MC;; i = INIlkt+[MS,“+bﬁkt(F|>Jkt}5]”2 (26)
where,
Bise =BG I (27)

Step 8: Adjustment of Costs from Base Year to NEMS Reference Year
Dollars

As a result of initial calibration (Step 1), rgaal costs on the 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 gupply curves from base yearNEMS reference yeatollars by

adjusting the values of the variable*i]th “M 5M | inthe marginal cost/production function as follows:

IN, i = IN' /[(1 + DEFPASE-RED] (28)
MY = MY, J[(1 + DEF)PASE-RER) (29)
M*"; = M3, /[(1 + DEFY®ASE-REP) 2 (30)
bt = B 11 + DEF{ASE-RED P (31)

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 24 and 27 to yield
the following marginal cost/production functions:

For underground mines:
MC|]kt IN |]kt+(M|Jt)EXP[(H|Jkt)( ]kt)] (32)
For surface mines:

MC|]kt IN |]kt+[NF|Jt ( |jkt)( ]ktj}/z (33)

Energy Information Administration/ Model Documentation: Coal Market Module 55



Step 9: Addition of Linear Segments to Supply Curves

Equations 32 and 3&e limited to production values ranging from production corresponding to 50-percent-
capacity ufization, to production corresponding to surge capacity. Linear segments are added to the curves
described by Equations 32 and 33 for production that falls otitésdenge. A near-horizontal linear segment

is assumed for production between 0 andesOgmt capaty utilization. A linear segment is used in this range

to ensure a positivealue for the y-intercept, which otherwise could be negative under Equations 32 and 33.
Generally, projectegdroduction will be in a range that is greater than 50-percent-capacity utilization; hence,
the use of an essentially horizontal linear segment for the production values below the 50pméntent
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 solutions to the operating portion of the supply curve. Conceptually, the physical end of
the supply curve occurs at the point representing surge capacity. Howesesdéthe CDS solution algorithm
permitssearches along the supply curve to exceed the surge capacity, it is necessary to add a steep-sloped
linear segment as a constraint. The segment preven@X8efromproviding solutions that exceed surge
capacity. The linear segments are determined as follows:

For capacity utilization betweera@dd 50 percent, a linear segment with a slopg (m) 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:

MCijkil s = INijuel s+ (Ml D(Pije) (34)

where N, s is the y-intercept of first segment determined by solving equation 32 or 33 for the production
value corresponding to the 58rpentpoint and sulsacting the product of .| s and R, | 5 from the result.

For capacity utilization 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 = INijiel s + (M J(Pijn) (35)

where N,/ is the y-intercept of first segment determined by solving equation 32 or 33 for the production
value equivalent to surge capacity andsuting the product of m | and the surge capacity from the resuit.

Because the CDS is formulated as a linearrprag LP), it cannot directly use the CPS supply curves defined

in equations 32 through 35, whose functional forms are linear/exponential (underground mines) and
linear/polynomialsurface mines). Rather, the CDS requires step-function supply curves for input. Using an
initial target price andgycentvariations from that price, an 8-step curve is constructed as a subset of the full
CPSsupply curve and is input to the CO®ie 8-step curve is used because the CDS requires finely gradated
step-functiorcurves to satisfy modeling convergence criteria. Conversion of the entire CPS supply curve to
a step-function curve, with gradations similattiose of the 8-step curves, would greatly expand the required
size of the LP and slow down model execution time. For each supply curve and y&iviMhases an
iterative approach to find the target price timatites theptimal 8-step supply curve given the projected level

of demand.

The specific outputs provided by the model are described in Appendix A.
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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, andhe line number(s) on which the equation appears. The line numbers correspond to
the version of th€PS used foAEO96 It should be noted that some equations are included in the text of this
report solelyfor 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.

Table B-1. Location of Documented Equations in the CPS Computer Code

Equation Number in Text Section of Code Line Number

3 Subroutine MODEL1 11966

4 Subroutine MODEL1 11965

5 Subroutine MODEL1 11967-11968
6 Subroutine SUPPLY 13231

7 Subroutine SUPPLY 13230

8 Subroutine SUPPLY 13245

9 Subroutine SUPPLY 13246

10 Subroutine SUPPLY 13273

11 Subroutine SUPPLY 13386-13401
12 Subroutine SUPPLY 13334-13344
13 Subroutine SUPPLY 13350

14 Subroutine SUPPLY 13483-13486
15 Subroutine SUPPLY 13530

16 Subroutine MODEL1 12034

17 Subroutine MODEL1 12094

18 Subroutine MODEL1 12093

19 Subroutine MODEL1 12103

21 Subroutine MODEL1 12132

23 Subroutine MODEL1 12131

25 Subroutine MODEL1 12154-12155
27 Subroutine MODEL1 12154-12155
28 Subroutine MODEL1 12183-12184
29 Subroutine MODEL1 12180-12181
30 Subroutine MODEL1 12178-12179
31 Subroutine MODEL1 12156-12157
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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 1995
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 Admistration,Coal Production Submodule Component Design Repoaft),
May 1992, revised January 1993.

® Energy Information Administratiorivlodel Documentation, Coal Market Module of the National
Energy Modeling SysterRart I, March 1994.
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Energy Information Administratioivlodel Documentation, Coal Market Module of the National
Energy Modeling SysterRart |, March 1995.

Archive Media and Installation Manual: NEMS96 -Annual Energy Outlook 1996

Energy System Described by the Model:Potential coal supply at various f.0.b. mine costs.

Coverage:

Geographic: Supply curves for 16 geographic regions
Time Unit/Frequency: 1990 through 2015
Product(s): 16 coal types

Economic Sector(s): Coal producers and importers.

Modeling Features:

Model Structure: The CPS eploys regression models determine marginal costs for underground
and surface coal mines.

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 depletion, labor productivity changes, and changes in real
labor and fuel costs

Model Interfaces: Coal Distribution Submodule, Electricity Market Module, Petroleum Market
Module, and Macroeconomic Activity Module

Input Data: Base year values fal.S. coal production, capacity, productivity, and prices. Base year
diesel fuel prices and wages. Heat and sulfur content averages. Reserve depletion functions.
Projections of labor productivity and wages.

Data Sources: DOE data sources: EIA-6 database, EIA-7A datalbagentory of Power Plants in
the United Stateévarious years), and the RAMC model and data library. Non-DOEsdat@es:

FERC-423 databasmand the U.S. Department of Labor, Bureau of Labor Stati@iogau of Labor

StatisticsEstablishment Data: Employment, Hours, and Earnireged Producer Price Index-
Commodities#2 diesel fuel (Series Id: WPU057303).

Computing Environment:

e Hardware Used: IBM/RS6000

® Operating System: AIX (UNIX)

e [anguage Used: FORTRAN
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Independent Expert Reviews Conducted:

® Suboleski, Stanley CReport Findings and Recommendations, Coal Production Submodule Review
of Component Design Repartepared for thEnergy Information Administration (Washington, DC,
August 1992).

e Kolstad, Charles DReport of Findings and Recommendations on EIA's Component Design Report
Coal Production Submodulerepared for the Energy Information Administration (Washington, DC,
July 23, 1992).

Status of Evaluation Efforts Conducted by Model Sponsor:The Coal Production Submodule (CPS) was
developed for the National Energy Modeling Sys{&EMS) during the 1992-1993 period and revised in
subsequent year¥he version described in this abstract was used in support Ahtheal Energy Outlook
1996 No prior evaluation effort has been made as of the date of this writing.

References:

e Energy Information Admistration,Coal Production Submodule Component Design Repoaft),
May 1992, revised January 1993.

e Energy Information Administratiorivlodel Documentation, Coal Market Module of the National
Energy Modeling SysterRart |, March 1994.

e Energy Information Administratioriflodel Documentation, Coal Market Module of the National
Energy Modeling SysterRart |, March 1995.
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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 gfroduction were developed using
a combination of cross-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 1'986.

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 modete wllected from a number of sources. Data on average
minemouth prices andlbor productivity were obtained from the EIA-7A database. Data on labor costs were
obtained from th8ureau of Labor Statistics Establishment Data: Employment, Hours, and Eamihig$
provides agrage weldy earnings for théituminous coal and lignite industry for selected States that include
Alabama, llinois, Ohio, Pennsylvania, bk, and West Virgini& Data on diesel fuel prices were represented
by prices for no. 2 diesel fuel and were obtained fronPtloelucer Price Index--Commoditigsiblished by

the Bureau of Labor Statistics (Series Id: WPU057303).

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 #it@ove equation were taken directly from the EIA-7A database. Capacity ©
was estimated on the basis of the daily capacity data contaithexlsame database. The daily capacity values
were onverted to annual capity estimates based on assumptions concerning the standard work schedule at
coal mines. Nonrespondents to the request for daily capacityndaaidentified and deleted; separate
utilization 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 capaciéx&uded the capacity of idle mines. Since only those
mines that produced coal in a given year are required to report on Form EIA-7A, daily capacity data for idle
mines are 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 subsequentar, was assumed 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 modelgere estimated 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, ) + 0.972(GY ) + 0.046(DFP ) +0.5*10 {(LC )-0.137(D1 ) -
0.193(D2,) - 0.268(D3 )] (39)
where,
MMP;, =  Average minemuth price of coal at wlerground mines by supply region | in year

t (1982 dollars per ton)

LP;, =  Predicted average labopgductivity (from stage quation) at underground mines
by supply region | in year t (tons per miner hour)

CU,, = Predicted average capacity utilization (from stage 1 equation) of underground
mines by supply region | in year t (fraction)

DFPR, = Average U.S. diesel fuel prices in year t (1982=100.0)

LC;, = Labor costs for underground mines by supply region | 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 theodel is 0.9988. The parameter estimates, standard errors and t-statistics for the
model are provided in Table E-1.
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Table E-1. Selected Statistics for the Marginal Cost Regression Model for Underground Mines

Parameter Standard
Variable Estimate Error t-Statistic
ULP, o 1.431 0.1018 14.062
CU; v 0.972 0.1528 6.364
(DFPM)"Z ...................... 0.046 0.0150 3.036
LCi oo 0.5*10* 0.5*10° 10.188
Dl .o -0.137 0.0537 -2.548
D2 .o -0.193 0.0496 -3.888
D3 ot -0.268 0.0498 -5.386

Regression Model for Estimating Marginal Costs of Production at Surface Mines

MMP, = [3230.151(1/LR ) + 149.370(GV ) + 6.7*I@FR, ' +230.289(D1 ) +
844.413(D2, ) + 182.551(D3 ) + 163.288(P4*)] (40)
where,
MMP, = Averageminemouth price of coal at surface mines by supply region | in year t

(1982 dollars per ton)

LP;, = Predicted average labmroductivity (from stage 1 equation) at surface mines by
supply region | in year t (tons per miner hour)

CU,, = Predicted average capacity utilization (from stage 1 equation) of surface mines
by supply region | in year t (fraction)

DFP, = Average U.S. diesel fuel prices in year t (1982=100.0)
D1, = Dummy variable for West Virginia

D2, = Dummy variable for Alabama

D3, = Dummy variable for West Kentucky

D4, =  Dummy variable for Illinois-Indiana

The R-squared value for theodel is 0.9738. 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;, ... ... ... 6.7*107 2.2*107 3.018
DL ..o 230.289 37.111 6.205
D2, ..o 844.413 36.009 23.450
D3, . o 182.551 35.047 5.209
D4 .o 163.288 35.665 4.578
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Appendix F

CPS Program Availability

The source code for the CPS program is available in the program office.
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Part Il—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), to describe the basic approach, and to provide information on the model formulation and
application. The report is intended as a reference document for the model analysts, users, and the public.
The report conforms to requirements specified in Public Law 93-275, Section 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 which are U.S.) to 20 importing
regions (4 of which are U.S.) for 4 coal types—coking, high- and low-sulfur thermal coal, and
subbituminous. The model consists of supply, demand, trade and transportation constraint components.
The major coal producing countries (United States, Australia, South Africa, Canada, and Poland) are

represented, as well as countries that could become major coal exporters (Colombia, Indonesia, Venezuela,
and China).

Model Archival Citation and Model Contact

The version of the CES documented in this report is that archived in March 1996
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 used in the Coal Export Submodule. Subsequent sections of
this report describe:

® The model objective, input and output, and relationship to other models (Chapter 2)
® The theoretical approach, assumptions, and other approaches (Chapter 3)
® 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 annual forecasts (through 2015) of world coal trade flows. Coal
supply in the CES is modeled through the incorporation of 4 coal types (Table 2) (unique combination of
heat and sulfur content) and 16 geographic supply regions (Table 3 and Figure 9). On the demand side, 2
coal demand sectors (Table 4) are modeled for 20 importing demand regions (Table 5 and Figure 9). The
CES also provides annual U.S. coal export forecasts to the Coal Market Module (CMM) 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 generates regional forecasts 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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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
1 U.S. East Coast Demand Sector Acceptable CES Coal Types
2 U.S. Gulf Coast
3 U.S. Southwest and West
4 U.S. Northern Interior Coking Premium Bituminous
5 U.S. Non-Contiguous
6 Australia Steam Premium Bituminous
7 Canada, Western Low-Sulfur Bituminous
8 Canada, Interior High-Sulfur Bituminous
9 South Africa Subbituminous
10 Poland
11 CIS (Europe)
12 CIS (Asia)
13 China
14 Colombia
15 Indonesia
16 Venezuela
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Figure 9. U.S. Coal Export and Import Regions
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Table 5. CES Coal Import Regions

76

NOoO R WN -

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

Energy Information Administration/ Model Documentation: Coal Market Module

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 programming optimization model. This 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:

Export capacity of supply regions

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

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

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

Maximum sulfur emission associated with imports for each importing region.

Fundamental Assumptions

The key assumptions underlying the CES are:

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' decisions on how much 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.

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

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.

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

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.

Suppliers sell at the same FOB price irrespective of who they are supplying. In practice, suppliers

often fix different prices depending on which market they are selling into and whether the coal is
being sold on long term or short term basis.
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® While subbituminous coal is included, importing regions will not wish to rely on this
unconventional type of coal for more that a certain portion of their needs. Use of subbituminous
coal is, therefore, constrained by the capacity of coal-fired plants that can burn it and the extent that
it can be substituted/blended.

® SO, emission regulations are modeled in two ways. First, the share of thermal coal imports that can
be satistied by high sulfur coal can be set for each thermal coal buyer. Second, in order to capture
the eftect of bubble emission caps, an SO, emission allowance associated with using imported coal
can be set for each region. Emissions are calculated 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 models are EIA's own International Coal Trade Model (ICTM) and Resource
Economics Corporation's World Coal Trade Expert System (WOCTES).

The ICTM, a linear optimization model and database, was designed to provide a methodology for
forecasting and analyzing the unique role of the United States in world coal trade.* The model projects
world coal trade flows from 20 coal exporting regions of the world to 9 demand regions for 3 types of coal
(metallurgical, low-sulfur steam, and high-sulfur steam). The objective function at the heart of the ICTM
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 represented.*” Questions have been raised in the planning 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 desirable.®

WOCTES is the most powerful PC-based model for examining international thermal coal trade. The model
has the capability to handle 20 supply regions and 20 demand regions. Up to four coal types can be
included, with coals defined 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 all suppliers, and choose the best supplier. It is assumed that
suppliers price the coal as high as they can without driving customers away.

WOCTES allows the modeling of noncompetitive market behavior, but is invariably used in the competitive
market mode by its major users. The EIA, the only user of the ICTM, has produced all its long term
forecasts since 1985 on the assumption that no suppliers or buyers exert market influence. Similarly, the

“See Energy Information Administration, International Coal Trade Model: Executive Summary, DOE/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 Administration: Description of
the International Coal Trade Model, DOE/EI/11815-1 (Washington, DC, September 1982); Mathematical Structure of the
International Coal Trade Model, DOE/NBB-0025 (Washington, DC, September 1982); International Coal Trade Model, Version
2, Preliminary Description, by William Orchard-Hayes (Washington, DC, June 10, 1985; International Coal Trade Model— Version
2 (ICTM-2) User's Guide (Washington, DC, March 1987); and The George Washington University, Department of Operations
Research, Oligopoly Theories and the International Coal Trade Model, GWU/IMSE/Serial T-494/84, by James E. Falk and Garth
P. McCormick (Washington, DC, July 1984).

®National Research Council, The National Energy Modeling System (Washington, DC, January 1992), p. 58.
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major users of WOCTES, (which include the United Kingdom's PowerGen and National Power, Australia's
ABARE, and the EC Commission) all generate forecasts using constrained, competitive market description.

It is possible to examine the impacts of producers' power, using a competitive market model (such as the
CES) by restricting the supply of one or more 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 segmentation, WOCTES is too 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 differentiate between coking and thermal coal, 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 between the market segments. This is done by allowing suppliers of
coking coal to ship to thermal coal buyers. Suppliers of the different thermal coal grades are not, of course,
allowed to ship to coking coal buyers. In order to capture the effects of reduced coal washing costs in
producing thermal coal as opposed to coking coals, CES takes a washery credit off the cost of shipping
"coking coal" to thermal coal buyers.

Neither the ICTM nor WOCTES allow the model user to analyze the impact of tightening SO, emission
regulations: the CES does. This is an input factor in CES which allows the 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 SO,. While these emission caps are clearly very different from the bubble emission caps which most
European countries have adopted, they do provide a way of representing different approaches to SO,
emission regulation on imported 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.
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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 inclusive of: (1) mining
costs; (2) representative coal preparation costs, which vary according to export region, coal type, and end-
use market; and (3) inland 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.
Purpose: CEX is the driver subroutine for the CES. It uses a FORTRAN code controlling
structure, NEMS integrating model common variables, and CES internal variables 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.
Purpose:  Creates the rows and columns for the CES matrix for the first iteration in the first
NEMS year. Allocates computer memory and calls the OML subroutine WFOPT to
obtain 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
Cv = 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)
Purpose:  Supplies 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 27.778 as the conversion factor.
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RDMATRIX Reads data from flat files for matrix coefficients of CES.

Purpose:  Reads 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

Purpose:  Retrieves 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
Cv = 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

Purpose:  Extracts solution values for quantities and prices from the optimal CES solution and
produces formatted reports.

Equations: Converts million metric tons of coal equivalent to million short tons using 13.889 as
the conversion factor.
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Appendix A

Inventory of Input Data, Parameter Estimates,
and Model Outputs

Model Inputs

The inputs required by the CES are divided into two main groups: user-specified inputs and inputs provided
by other NEMS components. The required user-specified inputs are listed in Table A-1. In addition to
identitying each input, this table indicates the variable name used to refer to the input in this report, the
units for the input, and the level of detail at which the input needs to be specified.

Model Outputs

The outputs tfrom the CES, listed in Table A-2, include world coal trade flows by coal export region/coal
import region/coal type/coal demand sector (specified in units of million metric tons of coal equivalent).
Conversion factors convert the CES results from metric tons of coal equivalent to short and metric tons for
report writing purposes.

The CES provides annual forecasts of U.S. coal exports and imports to the NEMS Coal Distribution
Submodule.
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Table A-1. User-Specified Inputs Required by the CES

Variable Used

a

Input in this Report Specification Level Units
(CES Variable)
Coalsupplycurves ....... ...t Wi = (A Coal export region/ Dollars per TCE
(FOBYR) coal type/forecast
year
Coal shipments from step on a coal supply curve . .. ....... qSijkut Coal export region/ MT
(CAPYR) coal import region/
coal type/coal demand
sector/forecast year
Coalimportdemand . ........... ..., Djut Coal import region/ MTCE
(DEMAND) coal demand sector/

Ocean freight rates . . ..

forecast year

Coal export region/
coal import region/
coal type/coal demand

Tikut
(FREIGHT)

sector/forecast year
Importer diversity constraints .. ........... ... .. ... ... M Coal export region/
(IMPSHARE) coal import region/
forecast year
Exporter diversity constraints .. ........... ... .. .. ... EXiq Coal export region/
(EXPSHARE) coal import region/
forecast year
Limit on total SO, emissions . .. ........... ... ..., Ej Coal import region/
(MAXSUL) tons
SO, emissions "pass-through"rate .................... Fiut Coal import region/
(LSPCT) coal demand sector/
(HSPCT) forecast year
Sulfur content assignment for coal supply curve .......... SCi Coal export region/
(SULCON) coal type/forecast
year
Btu conversion assignment for coal supply curve .. ........ Bi Coal export region/
(cv) coal type/forecast
year
Maximum share of high-sulfur coal imports .............. MHS; Coal import region/
(HSMAX) forecast year
Maximum share of subbituminous coal imports ........... MSS; Coal import region/
(SUBMAX) forecast year

Dollars per TCE

Percentage

Percentage

Thousand metric

Fraction

Thousand metric tons
of SO, emission per
MTCE

Btu per ton

Fraction

Fraction

#For example, inputs specified at the coal export region/coal type/forecast year level require separate values for each supply region, coal

type, and forecast year.
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Table A-2. CES Outputs

Variable Used

Output in this Report Specification Level Units

World coal trade distribution . .................. Xijkut Coal export region/ MTCE
coal import region/
coal type/coal demand
sector/forecast year

FOB coal exportprices .. ...... ... ... ... . Uik Coal export region/ Dollars
coal type/forecast per TCE
year

CIF coal importprices . .. .......... ... Viikut Coal export region/ Dollars
coal import region/ per TCE

coal type/coal demand
sector/forecast year
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Appendix B

Detailed Mathematical Description of the Model

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. From the output of the model it is possible to determine
an optimum pattern of supply.

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 inclusive of: (1) mining
costs; (2) representative coal preparation costs, which vary according to export region, coal type, and end-
use market; and (3) inland transportation costs. This model is driven by fixed (input) coal demands which
must be satisfied at the minimum overall cost.

The mathematical specification for the CES optimization program incorporates the following modeling
enhancements discussed in Chapter 2. The capability of accounting for changes in exchange rates over time
is provided for by allowing for the vertical adjustment of coal export supply curves. The reduced cost of
supplying coking quality coal to the steam coal market, based on a reduction in coal preparation
requirements, is provided for in the CES through the adjustment of ocean transportation costs for shipments
of coking quality coal to the steam coal market. The CES will account for limits on total SO, emissions by
coal import region through the incorporation of 4 model constraint. A restriction regarding the maximum
permissible sulfur content of coal shipments to a CES coal import region as well as restrictions on total coal
shipments by coal import region/coal export region pairs will be accounted for in the model as flow
constraints.

Mathematical Formulation

The table of column activity definitions and row constraints defined in the CES matrix incorporate
assumptions described in Section 3 on Model Rationale and variable definitions which are described in
Appendix A. The general structure of the matrix is shown as a block diagram in Table B-1.

The block diagram format depicts the matrix as made up of sub-matrices or blocks of similar variables,
equations, and coefficients. The first column of Table B-1 contains the description of the sets of equations
and the equation number as defined later in this section. Subsequent columns define sets of variables for the
production, transportation, imports, and exports of coal. The table column labeled Row Type, shows the
equations to be maximums, minimums, or equalities. Each block within the table is shown with
representative coefficients for that block, either a (+/-) 1.0 or s representing the sulfur content of coals.
The last table column, labeled RHS contains symbols that represent the physical limitations such as supply
capacities or demands.
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Table B-1. CES Linear Program Structure

Coal Export Submodule Structure
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Index Definitions

Index Symbol Description
@) Coal export supply region
G) Coal export demand region
® Coal type (Thermal or Coking)
(s) Step on coal export supply curve
(k) Coal export demand sectors
) Coal export supply regions (U.S.)

Column Definitions

Column Notation Description

PX (s Quantity of coal from step s of export supply curve in export supply region | of coal type
t.
X Quantity of coal transported from supply region | to demand region j of coal type t.
- uantity of coal exported from (U.S.) Demand region j of coal type t.
UX;, Q ity of coal df (U.S)D d region j of coal
EXP Sum of coal exported from supply region |.
IMP;, Sum of coal type t imported from demand region j.

QTjkru Quantity of coal transported from (U.S.) supply region | to demand region j of coal rank r, sulfur
level u for export sector k.

Objective Function
The objective function is to minimize deliveredsts (i.e.minemouth production, preparation, and inland

transportation costs plus freight transportation costs) for moving coal from export regions to import regions and
has been defined for CES as:

Y X X PX * P X X X TX F T 1)
where,
P.s isthe cost from step s of the export supply curve for coal from export region | of coal type t.

Ti;: Is the cost of transportation coal from export region | to coal import region j of coal type t.
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Row Constraints
Balance of coal produced and transported from international supply regions.

Y PX - X, TX; = 0 (2
Balance of coal imported on international demand regions.

¥, TX;, -IMP, =0 3)
Balance of coal exported from international supply regions.

Y PX s + X;UX;-EXP, =0 4
Balance of coal transported and exported from U.S. supply regions.

UX;, - X TX;, = 0 (5)
Export constraint from supply regions to demand regions.

TX;;; - EG; *EXP <0 (6)
Import constraint on demand regions from supply regions.

TX;i - 1C

ij,t

it *IMP;; <0 (7)
Meet the coal demands.

¥, TX;; = D, (8)
where,

D;: Is coal import demand for import region j of coal type t.
Balance of coal transported to meet export demands from U.S. export demand regions.

Y QT jxru - UX,; =0 9

Output Variables

Xijkut = Quantity of coal type k transported from coal export region | to coal import region j for coal
demand sector u in year t (million metric tons of coal equivalent)

Uikt = Finalized (solution) output price of coal type k at port of exit from coal export region | in
year t (dollars per metric ton of coal equivalemb)is variable is initialized by the value
given by thenput supplycurve variable, \j; , and is the final optimized value from the
solution to the CES model.
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Viikuit = Delivered price of coal type k transported from coal export region | to coal import region
j for coal demand sector u in year t (dollars per metric ton of coal equivalent). It should be
noted that:

Viikut= Uikt t Tijkut
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Appendix D

Model Abstract

Model Name: Coal Export Submodule

Model Acronym: CES

Description: The CES projects coal trade flows from 16 coal-exporting regionsibidi areU.S.) to 20
demand or importing regions (4 of which are U.S.) for 4 coal types - coking, high- and low-sulfur thermal coal,
and subbituminous. The model catsiof supply, demand, trade and transportation constraint components. The
major coal producing countriddifited States, Australia, South Africa, Canada, and Poland) are represented, as
well as countries that could become major coal exporters (Colombia, Venezuela, and China).

Purpose: The purpose of this report is to define the objectives of the modeling approach used in the Coal Export
SubmodulgCES), to describe the basic approach, and to provide information orotlet formulation and
application.

Model Update Information: December 1995

Part of Another Model?: Yes, optional part of:

e Coal Market Module
e National Energy Modeling System

Model Interface: The model can interface with the following models:
e Coal Distribution Submodule
Official Model Representative:
Office: Integrated Analysis and Forecasting
Division: Energy Supply and Conversion
Branch: Coal, Uranium and Renewable Fuels Analysis
Model Contact: Melinda Hobbs
Telephone:(202) 586-0012
Documentation:
e Coal Export Submodule Component Design Reorergy Information Administration, April 1993
Archive Media and Installation Manual:

CES95 -Annual Energy Outlook 1995
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Energy System Described by the ModelWorld coal trade flows (Coking and Thermal)

Coverage:

Geographic: 16 export regions (5 of which are U.S.) and 20 import regions (4 of which are U.S.)

Time Unit/Frequency: A CES run represents a single forecast year. The CES can be run for any
forecast year for which input data are available.

Products: Coking, high-sulfur bituminous coal, low-sulfur bituminous coal, and subbituminous coal)

Economic Sector(s): Coking and thermal

Modeling Features:

Model Structure: The CESmodelsatisfiescoal import demands at the lowest cost given specified
supply and transportation.

Modeling Technique: The model is a Linear Program (LP), which satisfies demands at all points at the
minimumoverall "world" coal cosplus transportation cost andambedded within the Coal Market
Module..

Special Features: The CES is designed for the analysis of legislation concerned with SO emissions
and the trade nonconventional coals (high-sulfur and subbituminous coal).

Input Data: Non DOE sources—Dr. Guy Doyle, McClosky Coal Information, Ltd., Published trade
and business journal articles, includigal Weelnternational King'sinternational Coal Tradg
Financial Times International Coal Reppworld Coal IEA.

—  Coal Import Demands

—  Coal Supply Curves

— Diversity Constraints

—  Sulfur Emission Constraints

—  Subbituminous and High-Sulfur Coal Constraints

DOE sources - none

Computing Environment:

98

Hardware: IBM RS/6000
Operating System:Unix

Software: FORTRAN

Estimated Time to Run: 1 CPU Min

Special Features:None
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Independent Expert Reviews Conducted:

e Kolstad, Charles D., "Report of Findings and Recommendations on EIA's Component Design Report
Coal Export Submodule," prepared floe Energy Information Administration (Washington, DC, April
9, 1993).

Status of Evaluation Efforts Conducted by Model Sponsor:The Coal Export Submodule (CES) is a hew
model developed for the National Energy Modeling System (NEMS) during the 1992-1993 period and revised
in 1994. The version described in this abstract was used in supporofih& Energy Outlook 1998lo prior
evaluation effort has been made as of the date of this writing.

References:

e "Coal Export Submodule Component Design Repdréff) (Energy Information Administration, April
1993)
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Appendix E

Data Quality and Estimation

Coal Import Demandare basically regional net import demands for both coking and thermal for snap-shot years
1995, 2000, 2005, 2010 and 2015. In both cases, demand is projected and domestic production is subtracted to
give net imports.

Coking coal demand is generated according to the following process:

® The user assumes pig iron output (in million tons), split bethlesbfurnaces equipped with pulverized
coal injection (PCI) and those without. Then applying a cokéampeessed in tons per ton of hot metal)
for the furnace without PCI, and a PCI rate (1/thm), an adjusted coke rate is calculated for the furnaces
equipped with PCI. Multiplying the respective pig iron outputs by the corresparakacates and
summing the results then gives total demand for blast furnace coke in million tons.

® An estimate ofinynonblast furnaceoke (in milliontons) must badded to this figure tgive total
demand for coke. This total coke demand indicates an import requirement. The amount of domestically
produced coke is then multiplied by the average coke oven rate (expressed as tons of feed coal per ton
of coke) to give the total demand for coking coal.

Thermal coal demand is calculated separately for utility and nonutility sectors.

Utility sector coal demand is calculated accordingrte of two processes depending on whether utility coal burn
is affected or unaffected by load growth, and developments in noncoal capacity.

The following is the logic where coal is the "swing" generation type.

e Future electricity demand is estimated by applying an electricity coeffici&DBfgrowth and then
compounding the initial year demand figure. The @diwer requirement is then calculated by adding net
imports and subtracting transmission losses.

® The next stage calculates generation from nuclear, lignite, orimulsion, and baseload gas plant by
applying average plant load factors to expected capacity. These generation figures, along with estimates
of renewable and minimum oil generation, are then subtracted from the generation requirement to give
potential generation from hard coal plant.

e This potential coal generation is then met successively by generation from advanqédntsal
controlled coal plants (conventional units with desulfurization installations), and finally un-controlled
coal plants. Ireach case, coal generation (calculated with reference to capacity and maximum load
factors) is comparedith the remaining generation needed, andpthet is dispatched until either it
reachests maximum availability or demand is met. Any remaining generation requirement that is not
met after all the coal capacity has been fully dispatched then is assumed to be met by oil plants.

e Coal burnis then calculated by applying the relevant average station efficiencies to generation from each
type of coal plant and summing the products.

e Inthe simplified procedure, coal generation is calculated without reference to electricity demand growth,
simply by applying reasonable load factors to projected capacity. Coal generation is expressed as a share
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of total generation, so thmodel user canheckthatcoal generation is reasonable. As in the previous
method, coal burn is calculated by applying average station efficiencies to coal generation.

Nonutility thermal coal use, exceptitigat for PCI installations, isxogenously estimated by the user for the
following three categories:

e Cement industry
e Other industry
e Domestic users.

PCI coal use, which is calculated in the steel sector component, is simply the product of output of blast furnace
equipped with PCI and the average PCI injection rate.

Coal Supply Inputare potential export supplies specified on a tranche-by-tranche (steps on supply curve) basis
to enable users to build up a stepped supply curve. Up to five tranches are allowed for the major price sensitive
suppliers. Coal qualities (sulfur and Btu) can vary between tranches.

Cash and sustainable costs are built up for each snap-shot year according to the following logic:

e Run-of-mine cash costs are adjusted by washery yield (which is generally between 50-100%) and direct
preparation csts are added to give the cash costs at the mine. Taxes and royalties, inland freight costs,
and port fees are then added to yeddh free-on-board (FOB) pier costs. @lowance forcapital
replacement (required sustainmining operation) is added to give thiestainable costs of supply.

Where these costs are all calculated in local currency, in the case of Australia, South Africa, and Canada,
an effective exchange is applied to convert costs into constant 1992 U.S. dollars.

Shipping Coststart from a matrix of feasible supply routes, and taking into account the maximum vessel sizes

that can be handled at export and imports piers and through canals, a matrix of maximum vessel sizes allowable
on each route is generated. Freight rates are then calculated on the basis of route distance and vessel size, using

the following simple formula:

Rate(S/t) = 1.5 + (0.4 * (65/Vs))*D)

where,

vessel size in thousand dead weight tons
distance thousand in nautical miles

Vs
D

Users can adjust freighates using an addfactor matrix to take account of backhaul savings, canal tolls, slow
unloading tems, etc. This addfactor matrix incorporatek?200/t"washery credit" which isubtracted from
every freight rate between a coking coal supplier and a thermal coal buyer.
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Appendix F

Optimization and Modeling Library (OML)
Subroutines and Functions

This appendix provides a summary of the OML routines that are called by the CES to set up the database, revise
coefficients, solve the LP model, and retrieve the solution. OML is a proprietary software package developed by
KETRON Management Science.

DFOPEN: Opens the datafile for the LP problem

DFPINIT: Initializes processing of the LP problem in the current database
DFMINIT: Initializes a database for matrix processing

DFMEND: Terminates matrix processing

DFCLOSE: Terminates processing of a database file

WFDEF: Defines the model space for the LP problem

WFLOAD: Loads the matrix for the LP problem into memory

WFINSRT: Loads the starting basis for the LP problem

WFOPT: Optimizes the model

WFPUNCH:  Saves the current basis into a standard format file
DFMRRHS:  Retrieves a right-hand side value

DFMCRHS:  Creates or changes a right-hand side value

DFMRBND: Retrieves a bound value

DFMCBND: Creates or changes a bound value

DFMCVAL: Creates or changes a coefficient for a row/column intersection
DFMMVAL: Changes a coefficient for row/column intersection if it exists
DFMCRTP: Declares or changes the row type

WFSCOL: Retrieves solution values (e.g., activity, input cost, reduced cost) for a column vector
WFSROW. Retrieves solution values (e.g., activity, dual values) for a row
WFRNAME: Retrieves a row name

WFCNAME: Retrieves a column name.
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Part Ill—Coal Distribution Submodule
Model Documentation

1. Introduction

Statement of Purpose

The purpose of this section isdefine the objectives of the modeliagproach used in the Coal Distribution
Submodule (CDS), to describe the basic approach, and to provide informatiommmu#hdéormulation and
application. The report is intended as a reference document for model analysts, users, and the public. The report
conforms to the requirements specified in Public Law 93-275, Section 57(B)(1) (as amended by Public Law 94-
385, Section 57.b.2.

Model Summary

The CDS forecasts coal distribution from 16 United States coal supply regions to 23 domestic demand regions.
The model consists of a linear programith constraints representing environmental, technical and
service/reliability constraints on delivered coal price minimization by consumers. Coal supply curves are input
from the CPS, another submodule of the Coal Market Moudil#de coal demands are received from the
Residential, Commercial, Industrial and Electric Power components of NEMSexpitiit 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 1996.

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 Distribution 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 sectorswndectors)model inputs and outputs, and
relationship to other NEMS modules and Coal Market Module submodules (Chapter 2)

® The theoretical approach, assumptions, major constraints, and other key features (Chapter 3)
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e 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:

e A listing of input data, variable and parameter definitiomsleloutput, and its location in reports
(Appendix A)

e A detailed mathematical description of the model (Appendix B)

e A bibliography of technical references for thedelstructure and theconomicsystemsmodeled
(Appendix C)

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

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

Model Objectives

The purpose of the CDS is to provide annualdasts (through 2015) of coal production and distribution within

the United States. Coal supply in the CDS is modeled using a typology of 28 coal types (discrete categories of
heat and sulfur content), 16 supply regions and 23 demand regions. Exogenously generated coal demands within
the demand regions are subdivided into 5 economic sectors and 23 economic sub-sectors. Coal transportation is
modeledusing sector-specific arrays of interregional transportation prices. Demandetat®y supplies
representing the least dollar pemllion Btu delivered cost. Thalistribution of coal is constrained by
environmental, technical, and service/reliability factors characteristic of domestic coal markets.

The design of the CDS was guided by NEMS planning documents that influenced the functions to be included
and the content of the sub-module's classification strucfures. Comments by the National Research Council's
Committee on the National Energy Modeling System determined the general design philosophy: "The current
EIA model is extremely detailetar more sathanwould beappropriate 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 maynot have the resources to maintain both a dedicated NEMS model (the simple model), and a detailed
model to be used for exogenous analysespplisy studies emphasized possible shifts in coal demand, supply,

and distribution thatveresignificant at the national levellassification structures in the CDS are therefore
simpler than those in previous EIA coal distribution models. However, models used to analyze impacts of national
policy 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 the CDS was to provide a simple modeling platform that can be rapidly adapted
to model policy problems, not 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 EIA's coal distributioomodel from the IFFS modeling system, the Coal Supply and
Transportation Model (CSTM)

® Reduce classification detail to the minimum needed to simulate present and potentially important supply
and demand patterns and transport routes

e Atthe same time, minimize the computational complexity of model functions, 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 System Design for The National Energy Modeling
System" (January 16, 1991), pp. 3,11; "Working Paper: Requirements for a National Energy System (Draft)" (November 22, 1991),
pp- 8, 17; "Working Paper: Requirements for A National Energy Modeling System" (December 12, 1991), pp. 7, 15, 17;
"Development Plan for The NEMS" (February 10, 1992), pp. &, 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 maximum use 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 distributionFirst 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 typology contains 4 sulfur and 4 thermal grades of coal with surface and underground mining to
produce a 32-type framework. Singmiie is not mined by underground methods, this categorization is reduced

to the 28 coal types shown in Figure 11. In this figure, thermal rank categories are shown in million Btu per short
ton, while the sulfur categories are shown in pounds of sulfur per million Btu. This figure also contains isolines
for coal sulfur levels of 1 and 2 percent sulfur by weight. Thermal rank catesgpasite coalsith limited
substitution potential in sormend use technologies. Thelfur categories represent boundaries acubgsh
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 supply regions selected for the CDS provide 2 regions each for the three most important coal mining
States (Wyoming, West Virginia, and KentuckVhis level of detall is justified 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, Table 6). The typical sulfur content of coal
produced also differs between the subregions in Kentucky and West Virginia. Most topical coal policy studies
have required modelomparisons of policy impacts involving sub-regions of these 8tages. These three

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

The remaining coal mining States have been aggregated into 10 supply regions based on their relative location,
importance to national production, typical coal quality, and transportation access. The supply region structure
also provides an equal amount of regional detail to eastern and western coalfields. These regions have been
chosen to facilitate studies@mpetition between major coal carrying railroads as well as competition between
competingtransportmodes. Some smaller producimgeas have beagiven supply regiostatusdue to their

isolation from national markets and unusual transportation costs (the Pacific Northwest, Alaska); or because of
their unique production costs and/or status as an independent sub-market for locally produced coal (Alabama).
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Figure 11. CDS Coal Typology
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The CDS demand regions are also the product of multiple requirements. The CDS must provide delivered coal
cost and quality to the EMM for its use in formulatowal demand in the electric power generation sector.
Currently the domestic electric utility market shareotdl U.S.coal receipts exceeds 75 percent; the CDS
demand regionsvere therefore defined to provide a close approximation ofgkiM's North American

Electricity ReliabilityCouncil (NERC) regions. Regional boundaries also were defined to avoid 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 must also provide deliveraabts, quantity and quality data fdt economicsectors to the NEMS
integrating module by Census division. This is achieved by defining a CDS demand region for each geographic
entity representing a uniqgue combination of Census division and NERC region identities. There are 29 such
geographical entities, but 6 were merged into other regions since they contained insignificant demand potential.
The CDS must also report tidewater costs, quality, and tonnages for coal exports. This is accomplished in the
CES by aggregating the CDS Demand Regions that contain U.S. ports-of-exit into the 5 CES supply regions for
U.S. coal: Great Lakes, Atlantic, Gulf of Mexico, Pacific, and Alaska (Table 7, Figure 13).
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E 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
1T 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 23.1 2.5
Interior
7 WK ......... West KY 41.7 36.1 36.5 3.8
8 I ........... 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 .......... 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
186 NC ......... AK 1.5 1.6 1.5 0.1
United States ...... Total 997.5 945.4 1030.5 100.0

Coal Demand Sectors and Subsectors

The CDS treatsoal demand in five economic sectors and 23 subsectors (Table 8). The broad NEMS demand
sectors are: Residential, Commercial, Industrial, Export, Synfuels and Electricity. The need for an expanded list
of subsectors in the CDS stems from technical and regulatory requirements for different types of coals with
different geographical availability and prices; it is dm@nomic and geographéxpression of thehemical
heterogeneity of coal and the engineering requirements of specialized end-use technologies. A less detailed
sectoral structure would severely impair the CDS's ability to correctly model the sources and delivered prices of
coal supplied to the broader NEME&ctors, since such demands are often supplied by different types of coals
from a half-dozen or more supply regions.

The subsectoral detail in the residenti@mimmercial and industriaectors 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
demand sector in NEMS coal modeling. Industrial demands are, on the other hand, treateplcagpsaaf

demands, those for steam coal and those for metallurgical coals.
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Table 7. NEMS Coal Distribution Module Demand Regions: 1993 Coal Consumption and Exports
(Million Short Tons)

CDS 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 wvV 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 Ml 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 wyY 26.08
20 SWwW 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

Industrial steam coal demand is further subdivided into three sub-sectors in the CDS. "Stoker" industrial steam
coals are shipped to older industrial boilers, generally exempt from seriously constraining emissions regulation,
but whichrequire—for technical reasons—coal fuels with relatil@lyash and high thermal energy content.
"PVC," or pulverized coal boilers can accept lower quality coals in terms of ash and Btu content, but are—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 represédé sange 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 quantitatively smaller 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 three subsectors also allows a more detailed representation
of industrial steam coal distribution patterns, which are as complex as the pattern of electricity coal demand and

supply.

Industrialcoking demand is simulated in tgabsectors in the CDS. These represent, respectively, premium
coking coalgmodeled as lovand medium volatileituminous coals with a sulfur content of less than 1.25
percent, and high volatile bitumindoiendstocks. Low and medium volatile bituminous coal supplies are found

only on the eastern side of Appalachian coalfields and in limited areas of the Rocky Mountain states, while high
volatile bituminous coals with suitable characteristicscfuteblends aravidely distributed. Ifonly a single

subsector were used, the model would be unable to simulate the willingness of cokemakers to pay higher prices
for premium coking coals.
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Table 8. Demand Sectors in the NEMIS Coal Distribution Module

Number Sector Name
T Residential/Commercial
2 Industrial, Stoker
T Industrial, Pulverized Coal Boiler
A Industrial, Other
D Premium Coking
B . Blending Coking
T o Export Premium
= Export Low Sulfur Steam
L Export High Sulfur Steam
10 . Utility Bituminous, Compliance Sulfur
T Utility Bituminous, Low-Medium Sulfur
12 . Utility Bituminous, High-Medium Sulfur
13 . Utility Bituminous, High Sulfur
T4 . Utility Subbituminous, Compliance Sulfur
156 . 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
27 e Utility Lignite, High Sulfur
22 Existing Electric Utility Contracts
23 e Synfuels from Coal

The CDS contains a singleurrently unused subsector reserved for synthetic fuel production. Synthetic fuel
processes are insensitive to coal sulfur content (since desulfurizatipartsofthe 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 costsfaaktosts are such that no unsubsidizechmercial scale coal
synfuelplant islikely to bebuilt without contractually guaranteed markets and coal supplies. It is, therefore,
efficient to treatsynfuel coal suppliesyhenoperationalized in NEMS, as predetermined contractual links
between supply sources and demand locations. This practice eliminates the need to provide further sectoral detalil
dedicated to synthetic fuel feedstocks.

The three subsectors used for export coals are establishaetinthe samevay asthe industrial sectors.
American coakxports tend to bamong the most expensive in international markets, even on a $/million Btu
basis, but are bought because of thah quality, reliable availability, and historical role as a method of
balancing foreign trade accounts. The United States is a major world source in the declining market for premium
coking coals (which have the samteracteristics as premium coking coals in domestic markets). The other
export subsectors are for low and high sulfur steam coals, which require special coal quality definitions different
from domestic steam coals.

Disaggregation of electricity demand irgabsectors is required by the EMM's treatmerdledtricity coal
demand, whicheflects bothechnical and regulatory requirements that must be economically balanced in that
model to realisticallyportray 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,
subbituminous, and lignioals. For technical reasons, substantial safety risks, losses in combustion efficiency
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and boiler derating are associated with the 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 CDS contains a single residential/commercial sector, 3 industrial steam coal demand sectors,
2 domestic coking coal sectorsg8port sectors, aynfuel sector, an electric utility contract sector and 12
noncontract electricity demand sectors, making 23 in all.

Relationship to Other NEMS Modules

The CDS relates to other NEMS components as the primary iterating unit of the Coal Market Module, receiving
demanddrom other noncoal modules and sending deliveredoomst$, Btu contents, and tonnages framed in
inter-regional coal distributiopatterns specific to thedividual NEMS economisectors. Within the Coal
Market Module (QVIM), the CDS interacts witbther CMM components in two ways. First, in the first iteration

of each annual forecast, the CDS receives piecewise-linear capacity curves f@m$thed coal demand
projections from other NEMS modules. The CDS ptsja regional distribution of future capacity requirements
based on the projection of future demands. The future estimates of coal capacity are transfei@sto the
Second, the CDS receives supply curves fronC#®8 and coal export demands from the CES, while sending
export supply quantities and port-of-exit prices to the GEiBe and quantitgutput describing the CMM's
simulation ofdomestic coal production, distribution aexborts byeconomicsector is sent to the NEMS
integrating module. Theseutputs include: (1) minemouth, transportation anddelivered prices; (2)
regional/sectoral coal supplies in trillion Btu and milliongasfs bycoal thermal energy content aswlfur

content categories; (8nergy conversiofactors (million Btu peshort ton) and sulfur values (Ibs Sulfur per
million Btu) plusdelivered coal prices at all destinations for all coal supply curveghioh the Electricity

Market Module has established demaridss lastcategory ofoutput is provided to thElectricity Market

Module during itdntegrated iteration with the CMM. The CDS relates to oM components (and the
Electricity Market Modulewhenoperating in the integrated mode) usitsgown set of 23 domestic demand
regions, but aggregates all final 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 CDS obtain®lectricity sector coal demand by forecast year estinates of future coal demand in
subsequent years from the Electricity Market Module (EMMefmrh of the 23 CDS demand regions. The
electric power demands are disaggregated into the 23 CDS demandsedgionl2 coal rank and sulfur
categories by the Electricity Market Module (EMM). The CDS receives annual U.S. coal export demands from
CMM's Coal Export Submodule (CES). These demands represent premium metallurgical demand, and low and
high sulfur steam coal demands. Export demands are also disaggregated, but only to the 18 CDS demand regions
that contain ports-of-exit. This regional structundél allow the CDS to forecast domestic mining and
transportation 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.

Residential/commercial, industrial steam and coking coal demands, specified for each of the nine Census
divisions, are received from the Residential, Commerciarahdtrial Demand modules, respectively. Coal, once

an important transportation fuel, is now restricted to use in a handful of steam engines pulling excursion rides.
Therefore, there is no transportation sector in the CDS.

Energy Information Administration/ Model Documentation: Coal Market Module 115



Coal supply curves enabling the CDS to compute minemouth pricescaieed from the Coal Production
Submodule (CB). Minemouth prices fazach supply curve ardso strongly influenced by estimates of coal
production capacity generated by the CPS. Theseiions determine actual production quantities and supply
sources in the Coal Market Module, and this data is used in the Cle&ament 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 represented by the left-most segments of each supply curve. As coal is "produced"
in the CDS, reserves are exhausted, and new demand must be met by opening new mines. Separate piecewise-
linear capacity curves also are passed by the CPS to the CDS during the first iteration of each forecast year. The
CDS solutions determine the projected regional distribution of future coal mine capacity requirements based on
expectations of future utility and nonutility demands.

The transition from Census divisions to there detailed CDS demand regions is accomplished stitig
demandshares specific to the Residential/Commercial, Industrial Steam and Industrial Metallurgical sectors.
These shares are updated annually and are found in the CDS input fildenigmal for U.S. coalxports is

received fromthe CES and is disaggregated into the CDS demand region set by static shares found in the CES.
Coal demands by coal rank and sulfur typeraceived from the EMM and are disaggregated into the CDS
demand region set by shares located in the EMM.

Other CDS inputs include transportation rates and electric utility coal contracts (both discussed in Chapter 3),
a parameters file which ilhmles regional and sectoral indices and labels, as well as parameters used to calibrate
minemouth prices and transportation rates. The parameter input file also contains the parameters that are used
to define "coabroups"—groups of coal types that limit the coal Btu and sulfur categories that may be used to
satisfy demand in different subsectors. The parameteffilgoatso 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 to the UnitBtates foreach forecast year is prepared as an input file to the CDS.
Coal imports are not priced in the CDS due to the substantial 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 pricesrethe primary standard which theacceptability of imports were

judged, coaimports would be at a substantially higher level than they have currently reached or are forecast to
reach. This exogenous import forecast is specified by economicasdteubtracted 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
allow the EMM to determine the comparative advantage of coal in relation to that of other fuels. The CDS, after
recewving these demandsupplies thenwith the least cost available caalpplies and reports the resulting
distribution pattern, production tonnages amdemouth transport, andielivered prices to NEMS for the
electricity generation sector after aggregating the output to the Census division level.

Similarly, the CDS provides delivered prices and volumes for coal supplied to the residential, commercial and
industrial sectors by Census division. Prices and volumes are reported by regional origin and Btu/sulfur content.
These quantities are reported to the residential, commercial and industrial models via the NEMS integrating
module.The CDS can provide export coal quantities and f.a.s. port-of-exit prices by export supply region and
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coal sulfur/Btu content to the CES. The CDS will not compute overseas delivered prices for coal exports and,
therefore, does not require additional demand regions to represent foreign destinations.

Finally, the CDS provides projections of coal mine capacity requirements for each coal type on each CDS region.
The least-cost coal production capacitieeded to meet projected demands are provided @RBeby CDS
region, mine type, and coal type.

The CDS output falls into two categories:

e Outputs produced specifically 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 reports detailing sectoral demam@seived, regional and national calstribution 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

Coal production occurs in over 250 counties in 27 States. Coal deposits are widespread, occurring in 39 of the
50 States; it is the Nation's most abundantenewable fuel resource. The coal supply industry, while currently
involved in a phase of consolidation, still has over 2,300 mines controlled by several hundred firms.

Coal demand occurs in ov@d0 counties in 49 Statedpmestic coal consumption takes place at &y@00
identifiable locations, and is dominated by the coal consumption of over 200 electric power utilities at over 400
different locations - about 80 percent of UcBal demand. Each year, coaltignsported frommines to
consumers over at leald,000individual transportation routes. Subject to certain constraints peculiar to its
industial organization, the behavior of the coal industry is demand driven and highly competitive. Coal
transportationwhile far from perfectly competitive in all cases, is a competitive indudten viewed at the

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

The CDS employs a linear program to determine the leassesf supplies tmeet overall national coal
demand. The detailgghttern ofcoal productiontransportation, and consumption is simplified in the CDS as
consisting of between 400 and 50@aal demads (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 inflexibility combine to restrict the types dhaten be used
econonically 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 how long
a technically and environmentally acceptable coal may be available. The synergistic action of these constraints

produces a pattern of coal distribution which, at first analysis, shows little similarity to unconstrained delivered
cost minimization.
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Environmental Constraints in the CDS

The simplest constraints on coal markets, from the modeler's perspective, are due to environmental regulations.
Historically, these constraints have imposed regulatory limits on the sulfur oxide emissions from coal
consumption. Currently, interest is focused on the electricity generation industry's response to the Clean Air Act
Amendments of 1990 (CAAA) as they unfold for Phase | (1995) and Phase Il (2000). The CDS coal typology
provides four categories of coal sulfur content that are matched to the regulatory requirements of CAAA Phase
| and Phase II. The CDS incorporates environmental constraints on coal use by limiting acceptable coal supplies
to those within appropriate sulfur categories.

In the electric power generation sectors demand is subdivided isiab&&ctorseach of whichrepresents

demand for a particular coal rank/sulfur level category. In each model iteration, the CDS supplies the EMM with
least cost delivered price for coal in each subsector, and the Electricity Market Module (EMM) determines the
appropriate mix of demands based on regulatory and technological costs. In the EMM, these calculations are 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 nonelectric power generation subsectors, a blemhastic environmental and technical constraints (with

their foreign market equivalents for coal exports) combine to restrict choices. For coal export markets, different
sulfur categories of demand are determined in the Exqabrt 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 componentaggregated form and is subdivided into sulfur categories within the
CDS using a concept referred to as "coal groups." Each of these "coal groups" spexifiesnore of the
members of the CMM coal typology that may be used to fill the specified demand, depending on its subsectoral
and regional identity. In the industrial sector, for example, demand is specified in each CDS demand region as
belonging to one of five subsectors: premium metallurgical coal, blending metallurgical coal, industrial steam
coal for stoker boilers, steam coal for pulverized coal boilers, and coal for all other industrial applications.

Technological Constraints in the CDS

Technological consdints restrict the suitability of coals in different end uses. Coal deposits are chemically and
physically heterogeneous; end use technologies are engif@eoptimal performance using coals of limited
chemical and physicahriability. 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 economically trivial
to the prohibitive, and must be balanced against any savings from the use of less expensive coal.

Precise modeling of the technologiaad environmental constraints on coal cost minimization would require an
enormously detailed model, using laggantities ofengineeringdata that are not in the pubtiomain. A

simplified approach is adequate for most public policy analyses, and is mandated by data availability constraints.
It is, howeverimportant that the CDS should preserve a flexible method for modeling these constraints, for it
is likely thatenvironmental concerns related to coal consumptiayextend beyond sulfur and carbon oxide
emissions to include, for exampleavy metal emissiorfgaseous emissions from combustion and leachates
from ash disposal). Technological constraints oncuaite are simply addressed in @BS by subdividing

sectoral demands into subsectoral detail representingdreimportant end-use technologies, and by then
restricting supplies to these 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 the lowest heat content per ton of the coadieled in theCMM, transportatiorover any
significantdistance creates the double risk of significant Btu loss and spontaneous combustion. In the CDS,
lignite demands are restricted to demand regions coterminous with lignite supply regions.
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Transportation Cost Constraints

Minimization of delivered coal costs may be constrained by the market power of railroads, the dominant transport
mode. Railroad rates for coal have historically reflected substantial market power in many regions; they still may
in most of the northeastern United States and in areas throughdatitmewhere alternative coal sources and/or
multiple common carriers al&cking. Coal consumption facilities have a typical economic life of from 25 to 50
years; oncéuilt they are immovable; the resulting price inelasticity of demand often enables a coal carrier to
extract economic rents.

Nationwide, shippingosts for contraaleliveries to electric utilities represented 29 percent of delivered costs

in 1984and only 25 percent 0987, butamounted 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 cost8. 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 consuming regiomapttréance of coal to those that do is even

greater than these statistics sugéfest.

Coal distribution modeling mandates recognition that coal transportation rates only approach marginal costs of
service inthe presence of intermodal competition. Further, the difference between cost and price can be
significant, not merely on a route-specific basis, but at the national level. Because coal transportation rates may
not be determined by either costs or distance, estimation of route-specific transport rates (i.e., when required for
topical analysesyill be done exogenously. Sinteousands of transport routemy be iruse in any year,
endogenous estimation of a reasonably complete set of route-specific costs would impose unacceptable model
execution times and maintenance burdens.

In the CDS, transportation rates are portrayed at the interregional level of detail by subtracting historical average
minemouth prices from historical average delivered prices. For each of fiveex@jomicsectors (electric

power generation, industrial steam generation, domestic metallurgical production, residential/commercial
consumptionand exports) a set of transportation prices connects tler28nd regions with each of the 16

supply regions. In principle, there are thus 23*16*5=1840 coal transportation routes and associated prices in the
model. In practice, the number of useable routes is substantially lesanaimgef theorigin/destination
possibilities represent routes that are economically impractical now and in the foreseeable future.

Alaska is connected to the lower 48 States only by water 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
own consumptioand export, but hasever "imported" coal from the contigudBkates or overseas. Its only

feasible coatransportatiorconnection 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
sector. Here not all the model's supply regions contain coal reseitadde for making metallurgical coke in

current technologies. Similarly, ralt demand regions contain coking coal demands. Where there can be neither
supply nor demand, coal transportation rates are set to dummy values to prohibit their use. This method is easily
modified should technological change or economic development produce possibilities where none now exist.

52Energy Information Administration, Trends in Contract Coal Transportation, 1979-1987, DOE/EIA-0549 (Washington, DC,
September 1991), p. ix.

3In 1990 Georgia Power purchased over 1.5 million short 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.

**Energy Information Administration, Trends in Contract Coal Transporiation 1979-1987, DOE/EIA-0549 (Washington, DC,
September 1991), p. 3.
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Transportation rates in the CR8ry significantly between the same supply and demand region for different
economic sectors. This variance is explained by the following factors:

e Both supply and demand regiomgy be geographicalgxtensive, but the particular sectoral or
subsectoral demands may be focused in different portions of the 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 suppieg must belelivered 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 highttansportation ratesspecially for metallurgical, industrial, and
residential/commercial coals.

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

® Since theStaggers Act 01980, class | railroadsave been free to make coal transportation contracts
that differ in contract terms of service and in the sharing of capital cost between carsteppad
Where previously the carrier assumed the expense of providing locomotive 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. In such cases, the actual costs and services represented by the contract
may cover no moréhan right-of-way maintenance, routing and scheduling. Particular interregional
routesmay vary widely irthe proportion of totatoal carriage represented by newer cost-sharing and
older tariff-based contracts.

Reliability and Service Constraints in the CDS

The need for reliable fuel supplies constrains the consumer's abifiipitoizeits delivered cost. While the

general quantitative and qualitative characteristics of coal reserves ar&kimttethan for most mineral
resources, they may vary unforeseeably in ways that strongly affect extraction costs at individual mines. All coal
demands contain both 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. For many consumers, the price of coal supplies is
a small fraction of total business costs and is less important than security of supply. Coal consumers prefer to
supply the price-elastic component of their demand with risk-minimizing ssipategies: long-tersupply

contracts, multiple sources, and stockpiles. The coal 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.

While the coal mining industrilasbecome more concentrated in recent years, bgtdralards applied in
industrial economics, coal production is notracemtrated industry. The largest coal producer accounted for less
than 9 percent of national production in 1991, and a dozen were required to produce 40 percent of the national
total>® 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 presdaxvariable cost and some contribution

Energy Information Administration, The Changing Structure of U.S. Coal Industry: An Update, DOE/EIA-0513 (93), July 1993,
Table A3, p. 37.
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to fixed costs can be made. Mining costs, even irkweln coafields, vary acre by acfé. Coal producers have
only incomplete knowledge of the mining cost and quality of coal of the reserves th€y own. Mining firms thus
face both geological and market uncertainties.

Thus, both consumers and producers are motivated to reduce uncertainties using multiple sources and/or clients,
long-term catracts, and stockpiles. Optimal coal consumption and production strategies, therefore, emphasize
long-term relationships rather than short-term delivered coal cost minimization, for they must provide security
of supply?® In the residential, commercial, and industrial demand sectors, deliveredsteare a smaller

portion of total operating costs than for utilities, and reliability @heljuacy of supplgecome much more
important criteria than minimized delivered price.

Multi-year contracts are central to the successful operation of modern coal markets; 75 to 95 percent of all coal
sold to alleconomicsectors is produced under contract (the percentage varies with market conditions). 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 sufficientisuwge amortization of invested capital. Because short-term
demand is variable, coal consumers redthia¢ producers under contract must be able to increase or decrease
the quantity supplied by 5 to 50 percent around the base totfinage.

While new contract prices reflect the sum of fixed and variable costs, and may include special service charges,
spot market coal may 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 opélsmat" market. Bydoing so, consumers gain information on
productionand transport costs thedin be used to adjust existing contracts and identify potsafipliers.

Buyer's markets prevail in most yearsspotmarket prices are usually below both average and new contract
prices. If regulatory change or unforeseen demand increases occur, a period of ntiaimgport capacity

shortage may ensue, with spot market prices leading new contract prices to record levels. Such periods occurred
in World Wars | and Il, and from 1973 through 1978.

In the CDS, electric power utilities' existing coal contracts are includiedk &upply and demand in the historical

pattern rather than that determined by annual delivered priceinaitiim®® 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 period's
base year, 1996. This means that the amount of contract influence on electric power coal distribution declines
year-by-year tlwugh the fagcast period and is minimal after the year 2005. These contracts make an important

*llinois State Geological Survey and the U.S. Department of the Interior, U.S. Bureau of Mines, Engineering Study of Structural
Geologic Features of The Herrin (No. 6) Coal and Associated Rock in Illinois, Volume 2, Dertailed Report, NTIS PB-219462
(Washington, DC, June 1979).

Richard Gordon, Coal Industry Problems, Final Report, EA 1746, Project 1009-4, Pennsylvania State University, prepared for
the Electric Power Research Institute (Palo Alto, CA, June, 1979), pp. 2-43, 2-44.

38" 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” supply, of which 82 percent is obtained under contract. (Resource Dynamics
Corporation, Coal Market Decision-Making: Description and Modeling Implications, Final Report to the Maxima Corporation for
the Energy Information Administration (McLean, VA, June 1984), p. 14).

$Utility contracts usually require the producer 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. In the electric 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.

%The data available to EIA on existing electric utility contracts (from the FERC Form 380, "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.

61Energy Information Administration, Trends In Contract Coal Transportation, 1979—1987, DOE/EIA-0549 (Washington, DC,
September 1991), p. ix.
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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, minernrangportation andelivered price are

assigned to contracts by the same process used to meet other demands. The model does use the contract duration,
regions of origin, destination, the maximum contract volume, and the coal type indicated by the contract to create

a required distribution of a particular coal type from the specified supply region to the specified demand region

for the indicated number of years. Should the demand for the coal under a contract decline to zero, the contract

is no longer honored in the CMM. The current method of using available catatads efficient in that it

improves the model's ability to portray coal distribution plausibly and proviskdial stabilizingnfluence

without requiring the use of detailed engineering and coal quality data

Comparison of the CDS to Other Coal Distribution Models

Stimulated by increased interest in energy supply and distribution costs associated with events subsequent to the
Arab oil embargo of September 1973, rapid development of new modeling techniques took place. The models
most relevant to development of the NEMS CDS are programming and spatial equilibrium models developed on
the foundation of James Henderson's study of coal industry effiéfency.

These models include regionalized linear programming models that differentiate coal products by mining method
(surface versus underground) and by distinguishing multiple levels of Btu and sulfur content. Coal blending at
the demand point was incorporatéd. Quadratic programming models based on the work of Takayama and Judge
developed morsophisticated objective functions, incorporating maximization of producers' and consumers'
surpluse$? This methodology was applied to the spatial distribution of Appalachi#n coal.

Recursive programming models wexdapted tanodel decisions over time in whigubsequent solutions
depended on the results of earlier executions. Feedback equegienemployed t@imulate constrained
optimization including adaptation to current conditidries approach is well suited to modeling decisions under
"adaptive price expectations" where the feedback may come from preliminary executions for time period 2 and
affect final decisions in time period 1. Of course, such a methodology imposes execution time penalties that are
of concern in a large, 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 ifustry. 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 entitteménts.

The development of large scale integrated modeling systems such as the PIES, the Midterm Energy Forecasting
System (MEFS), IFFS, and NEMS has meant that the edlggs of individual modeling approaches are blurred
by the charaetristics of the integrated system. System sub-models act both as components of the integrated

%James M. Henderson, The Efficiency of The Coal Industry, An Application of Linear Programming (Cambridge, MA: Harvard

University Press, 1958).
$3Libbin, J.J. and X.X. Boehle, "Programming Model of East-West Coal Shipments,” American Journal of Agricultural

Economics, Vol. 27, 1977.

$Takayama, T., and G. Judge, Spatial and Temporal Price and Allocation Models (Amsterdam: North-Holland, 1971).

%Labys, W.C. and Yang, C.W., "A Quadratic Programming Model of The Appalachian Steam Coal Market," Energy Economics,
Vol. 2, pp. 86-95.

%Day, R.H. and W.K. Tabb, 1972, A Dyramic Microeconomic Model of The U.S. Coal Mining Industry, SSRI Research Paper
(Madison, WI: University of Wisconsin, 1972).

SMurphy, F.H., The Structure and Solution of The Project Independence Evaluation System, Energy Information Administration
(Washington, DC, 1980); Murphy, F.H., R.C. Sanders, S.H. Shaw and R.L. Thrasher, "Modeling Natural Gas Regulatory Propos-
als Using the Project Independence Evaluation System," Operations Research, Vol. 29, pp. 876-902.
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modeling system and as stand-alone maihels must bejuickly adaptable to analyses of, for example, the
impacts of proposed legislation at the State or sub-State region level. Modeling systems with central integrating
models allow the freedom to join econometric demand components with structural/engisapphg
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 in other environments, such as the Hudson-Jorgenson system
and the Brookhaven Integrated Energy/Economy Modeling Sy&t&m.

PIES consisted of a linear programming integrating model that computed an equilibrium solution for demands
generated by an econometric demand model with supplies generated bgrampiogrmodel. Equilibrium output

from the integratingnodel wasinput to amacroeconomic model, an environmental impact model, and an
international model

Most models of coal supply and distribution fall into two categoriesfifdias a series ofmodels largely
developed by ICF, Inc., for ElAut alsomarketed to other clients. The EIA representative of this "family" of
models is the National Coal Model (NCM), which has had various capabilities in its two decades of existence.
The other coal supplgnodel "family" of thel970'swas designed by Martitimmermann andubsequently
incorporated 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 DRImodel and the NCM can operate independently (with exogenously supplied demands) or as part
of an integrated system. The NCM contains a utility capacity planning and dispatch submaodeéitrest

electricity demand, and allocates this demand among coal, oil, gas, and nuclear generation capacity according to
relative cost. The NCM disaggregates coal demand, using technical and sectoral envircomsnaihts,

testing the economic efficiency of low-sulfur coals against high-sulfur coals that require sctubbing.

The DRI and NCM models can be contrasted in several regards. First the NCM, in all its versions, has had a more
detailed classification scheme. The NCM has had from 40 to 60 coal types; the DRI-Zimmermann model has 36.
Both models' supply curves are in the form of step functlmisthe NCM hasver 400 while the DRI-
Zimmermann model has 35he NCM has 31 supply regiondile the DRI-Zimmermann modihs 6. The

NCM has 44 demand regions while the DRI-Zimmermann muaigl in various versions, either 13 or 18.
Interregional supply-demand links in the NCM total abbu@00, while different versions of the DRI-
Zimmermann modehave either 78 0t08. Aversion of the NCM, as modified for recent use by the U.S.
Environmental ProtectionAgency, contains hundreds of demand and supply centroids, and2¢d@®
interregional coal shipment routés. Each of these routes is represented by a detailed description of the carriers,

%®Hudson, E.A. and D.W. Jorgenson, "U.S. Energy Policy and Economic Growth, 1975-2000," Bell Journal of Economics and
Management Science, Vol. 5, pp. 461-514.

®Groncki, P.J. and W. Marcuse, "The Brookhaven Integrated Energy/Economy Modeling System and Its Use in Conservation
Policy Analysis," Energy Modeling Studies and Conservation, ECE, ed., prepared for the United Nations, (NY: Pergamon Press,
1980), pp. 535-556.

"Energy Information Administration, Documentation of the Project Independence Evaluation System (Washington, DC, 1979).

"'Description of the NCM is taken from: ICF, Inc, The National Coal Model: Description and Documentation, Final Report
(Washington, DC, October 1976; Energy Information Administration, Mathematical Structure and Computer Implementation of
The National Coal Model, DOE/EI/10128-2 (Washington, DC, January 1982); Energy Information Administration, National Coal
Model (NCM), Users Manual (Washington, DC, January 1982). Description of the Zimmermann-DRI model is taken from:
Zimmermann, M.B., "Modeling Depletion in a Mineral Industry: The Case of Coal," Bell Journal of Economics, Vol. 8, No. 4
(Spring, 1977), pp. 41-65; Zimmermann, M.B., "Estimating a Policy Model of U.S. Coal Supply," Advances in the Economics
of Energy and Resources, Vol. 2. (New York: JAI Press, 1979), pp. 59-92; Pennsylvania State University, "Zimmermann Coal
Model," Economic Analysis of Coal Supply: An Assessment of Existing Studies, Volume 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).

ICF Resources, Inc., Documentation of the ICF Coal and Eleciric Utilities Model: Coal Transportation Network used in the 1987
EPA Interim Base Case, the U.S. Environmental Protection Agency (Washington, DC, September 1989).
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link mileages, locomotive horsepower, and other cost related factors. These, in turn allow detailed engineering
cost estimates for each route. Such an accoumauglapproach to coatansportation allowsery precise
estimates of costs, but as discussed almmattransportation ratemaynot be determined lgosts. Thus, in

spite of the extreme detail input to this model, it may underestimate delivered coal costs.

As linear pogramming models wegdapted tanodel coalistribution, itbecame increasingBpparent that
available data on such costehen combined wittaccurate minemoutbosts,did not necessarily produce
recognizable codlistribution patterns. A logical strategy in resolving this dilemma was to increase the number
of supply and demand regions to allow the modebmture idiosyncratic rail ratesltxalized regions. This

method achieved a measure aftass, at least in capturing historical patterns, as the number of demand regions
began to approach the number of coal using electric power 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 differences 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 difficult to document
other than through reliance on "atiglgl judgment.” Maintaining a system of rates involving routes between up

to 100supply regions and 200 demand regions has an impact on scenario turnaround time. Models containing
this level of detail are simply too cumbersome for a system like NEMS.

Anotherprimary difference between the NCM and the DRI models is in the treatment of resource depletion. In
both modelsminemouthcosts areleveloped by supply curves relating annualized production of recoverable
reserves to mining costs that rise with progressive depletion. Each has its own approach to estimation of supply
curves. The NCM is empirical, using curves developed by the RAMC from the Demonstrated Reserve Base, the
Coal Analysis Files, and mine costing models. For the DRI-Zimmermann model, the supply curves were originally
developed from thassumption thatoal reservesvere log-normallydistributed by seam thickness and/or
overburden ratio, the two primary determinants of reserve-related mining costs in both models. The hypothesis
of log normalreserve distribution by seam thickness heger been proved, and there is evidahegit is
descriptively incorrect.

Freight Network Equilibrium Models

The central concept of the freight network equilibrimmdel is a straightforward application of the shortest path
algorithm in a network model as developed in introductory management science and operations reséarch texts.
The early 1980's saw rapid development and application of the technique in response to contemporary concern
that the national rail network might not be abléramsport expectedoal tonnages at reasonable costs. As
subsequent events have shown, railroads have provided the required capacity while reducing real dollar average
transportation costs per ton-mife.

The distinguishing feature of freight network models is a network composed of connecting links, each
independently costed. These models develop route transportation costs by finding the optimal path through the
network for each origin/destinatiqrair. Since links have independent cost functions, networks can represent
multimodal routes with loading, transloading, and unloading options. Optimal routes can be defined as those with
the lowest costs, or as those generating maximum revernnlesosting functions can range frdiat fees
throughvolume-sensitive capacity utilization functions to complete engineering cost models, depending on the
functions of the model in question.

"See, for example, Wagner, Harvey M., "Network Models," Chapter 6 in Principles of Management Science with Applications
1o Executive Decisions (Englewood Cliffs, NJ: Prentice-Hall, Inc., 1970).

™United States General Accounting Office, Railroad Regulation, Economic and Financial Impacis of the Staggers Rail Act of
1980, GAO/RCED-90-80 (Washington, DC, May 1990).
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Very large networks may be used to describe mode-specific transportation capacities for the entire United States.
Applications to coal supply modeling generally use simplified 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 geographic space,
and have the computational properties associated with true geographic scale. In such natestnay, be
constructed by multiplying the sum of a "base rate" andlane sensitive capacity utilization function by

function of link distance. The source of siase ratemay bethe error term in a linear regression predicting

rates from distance.

Freight network models often contain an equilibrium algorithm, which is required by the use of volume-sensitive
capacity utilization functions to price transportation across li8kwe the solution begins with estimated
volumes, flows througthe network 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. Successive iterations
may not converge to an equilibrium assignment of volumes on diffetegas. Heuristic algorithms were adopted

to shift small percentages of routelume toward more optimabutes until equilibrium is attained. The
combination of exact shortest path and heuristic equilibrium assignment algorithms provides a powerful method
of processingery largequantities of transportation detail. Given a sufficiently detailethod of estimating
link-specific costs, such modelan provide accurate estimates of the route specific variable costs incurred by
coal carrier$® Freight network models have beiglely used to study regional rate responses to increasing
system capacity utilization.

The ability to modetransportation costs at a link-specifiwel of detail doesot comewithout drawbacks,

however. Freight network models depend heavily on detaiped describing freight flows, rates, and exact
routes’® Coal distribution networks have been developed withZ&@rtoover 18,000links; 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" ineritigly. This

problem emerges as the number of origins and destinations decreases, and the accstabifitgnalf
interregional tonnage-weighted distances diminishes. If a node is not the true volume- and tonnage-weighted
center of the region it represents, the use of actual torradlswill produce inaccurate roufaices. True

centroids constantly shift in a freight network, just as the population center of the United States has been hopping
in a southwesterly 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
the real world, an individual link may have widely different ton-mile rates as a component of different contractual
movements priced at "what the market vilar." Simplified networks alsmeduce the ability tanodel
competition on parallel routes between the same origin and destination.

A strength of freight network models is their ability to provide detailisbomparative route geography and link-

specific economics. However, thigalehas few applications in national energy policy analyses as addressed by

the NEMS. ltis useful to be able to model coal transportation competition on a carrier/route basis. The CDS is
designed tgroduce (through an exogenous accessory program that is not operationahforuheEnergy

Outlook 199%route and mode specific transportation detail that can be adapted to studies of carrier competition.
However, the current depiction of transportation consistisely ofratesdetermined byubtracting average
minemouth costs 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 are based on the only set
of available data that can provide universal coverage of recent historical coal transportation rates.

®Vyas, A.D., "Overview of Coal Movement and Review of Transportation Methodologies," Proceedings of Coal Transportation
Costing and Modeling Seminar, October 15, 1984 (Kansas City, MO: Argonne National Laboratory, July 1985), p. 7.
Vyas, A.D., "Overview of Coal Movement and Review of Transportation Methodologies," p. 7.
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Summary Comparison of the CDS and Other Coal Distribution Models

Coal distribution models have evolved as approaches to solving fundamental problems encountered as attempts
have been made to apply the models to a broader and broader array of topics associated with the coal supply and
distribution industries. These models have faceatiadienge of successfully addressing a growing range of
purposes, while undgressure to remain compatrinsparenteasy to maintain, and quick to execute. As
discussed above, these problems can be summarized:

e Coal distribution, on a year-by-ydaasis, and at the required level of regional and sectoral detail can
not be shown to be determined by the delivered cost of coal. Yet, in the long run, historic data show that
it undoubtedly is. It has been argubdt this isdue to theshort- and mid-term price inelasticity of
demand for coal, and the concurrent existence of localized market power in tharsgrtation
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 datiEhagts to portray coal
transportation rates. These attemipase expanded the detail in most coal models belavais
appropriate for a NEMS component and, often, past the point where the transportation rate structure can
be shown to have an explicitly factual basis.

e Important technological constraints thie operation of different end-use technologies with sub-optimal
coals are known to strongly constrain atis1io minimize delivered prices. Unfortunately, the available
documentation of such issues focuses on engineering issues rather than cost impacts, and so can only be
incorporated into models in a genenaly. Again, precise modeling of sucbnstraintsvould both
require data that are not available andval of detail in modelinghat is inappropriate for the coal
components of NEMS. Mosbal distribution models, including NEMS, have been forced to use an
extremely simplified 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.

® Many issues referred to coal distribution models involve environmental or transportation issues that rest
on plausible modeling of the abogenstraints; at the same time, dateded to provide detailed
modeling of such issues are not available.

In this framework, it igjuestionable whethéighly detailedapproaches to coal distributiomodeling can be
rationalized as cost-efficient. One approach would be to construct a model that used a simplified classification
structure (six tawelve supply and demand regions with a similar number of coal types and economic sectors)
and treat demands as imputed contracts, fixed for 20 yalwjng price competition to determine the
distribution ofonly the marginal component tftal demand represented by expired contrplits 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%re year-specifioutputs areclosely scrutinizedwhereannual
solutions are produced by the integrated iteration of many models, and where State level reporting of potential
policy impacts is required.

The CDS has been constructed to compromise the need for speed and simplicity with the need for detailed output,
while maintaining the capability for adaptation to detailed studies. TiemtCDS is the core component of such

a modelbut its current use of contract data is restricted to available data on electric utility industry long-term
contracts. The CDS imputes no contracts for the nonutility sectors (precisely where demand is least sensitive to
annual delivered price fluctuation), and urtgs no electric utility contracts after existing ones expire. Moreover,

by the standards of most of the larger linear programming coal distribution models that have evolved in the last
two decades, the treatment of coal transportation in the CDS is simple and uses rates for the nonelectric utility
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sectors that are (1) based on survey data describing average sectoral delivered prices, and (2) that will effect a
plausible geographic pattern of coal distribution.

The methods reviewed abofge addressing coal transportation cost issues due to imperfect competition were
developed for study of particular problems &\eel that required simple classification structuf@stailed
description of transportation routes and modes can be accomplished outside the CDS linear program to maintain
model speed. Thus, detailed description of ronéexinot encumber the NEMS systavhen it is inuse to

develop forecasts, such as #mnual Energy Outlogkhat do not require this detail.
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4. Model Structure

The CDS forecasts the quantities of coetded to meet regionally and sectorally specified coal demands. It
provides the Btu and sulfur content of all cdelivered to meet each demand. The @IS provides annual
forecasts of minemouth and delivered coal prices by sector and region. Marginal delivered coal prices by demand
sector and sulfur content 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 ahireetapacity
requirements by sector, regianine type, and coal tygeased on future utility and nonutility cai#mand.
Transportation costs 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 these tasks consists of 15 subroutines, eight sources of input and five
output files. The 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 Submodolde is calledCDS".”” The functions of
subroutine "CDS" are shown in Figure 14, which also provides an overview of the operations of the CDS code
as a whole. "CDS" controls nine other subroutines:

e "CREMTX" creates the linear programming matrix containing the coal demands, supEpligsort
activities and lower bounds (providedudifity contracts). "CREMTX", in turn calls the linear program
solver, "OML" for the initial CDS iteration in each forecast year.

® "CREVISE" revises the linear programming matrix after the initial CDS iteration and cdilsetre
programming solver, "OML" after each non-initial CDS iteration in each forecast year.

e "RETSOL" retrieves the linear program solution produced by "OML" and sends the appropriate sub-
parts of the solution to "INPREP","DEMREP","PRDREP" and "CEXPRT".

0 "INPREP" creates the demaraports thatecord sectoral demands received from other NEMS
components and the CES. "INPREP" writes output describing the demands it has calculated from
the inputcommon block names and physical files descriieme. Nonutility and utility demand
reports, plus a utility demand summaeport are written to the physical file "CLCDS". These
reports appear at the head of the year-specific detailed CDS output that consists of approximately
15 reports available for each forecast period year. UsingriyesHs it is possible tdetermine
exactly what demands the 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.

e "DEMREP" generates coal demand reports that describe demand, transportation, and distribution of coal
from supply to demand region lbgonomicsector, with fully adjustettansport rate data provided in
both $/ton and $/MMBtu. One of these year-specific reports, the "Detailed Supply and Price Report,”
provides afull description of coal type, demand quantity, individpatticipants, andgninemouth,
transportation, andeliveredcosts for an entire run, in the order of the 23 CDS demand regions. This
is the most detailed report currently available from the CDS, and generally requires 30 to 50 pages per

""To avoidconfusion in thefollowing discussion, subroutine afitd names arelways written inquotation marks, e.g., "CDS",
"EMMOUT".
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forecast year (divided into 23 regional subreports). Reports generated by "DEMREP" are written to the
physical file "CLCDS".

e "PRDREP" generates coal production reports that describe the quantities of coal produced by coal type
from each coal supply curve in each supply region. Accompanying production 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 categmuy values of sulfur and Btu that are specific to each
supply curve (and which are taken from the FERC Form 423) are also available, and are used by both
the CDS and the EMM to calculate prec®IMBtu prices and sulfur contents (in Ibs sulfur per
MMBtu). The coal production reports are written on physical file "CLCDS".

0 "CEXPRT" generates reports from the CES portion of the linear program.

o0 "CPSHR"writes nonelectricility coal price output téthe common block name "PQ", and delivered
coal prices, sulfur and Btu assignments for coals assigned to electric utility demands to the common
block name "COALOUT". "CPSHR" writes prices, sulfur, and Btu content for coal meeting utility
demands to a physical file named "CLCDS". As the name implies, "CLDEBUG" contains output
describing the iteration-by-iteration output of the CDS that is used in resolving problems that arise
in the operation of the CMM and/or other NEMS models with which it interacts.

e "CBFOUT" calculates Btu conversion factors, an important process since the Coal Market Module
mimics actual industry 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, transportation, and delivery data are required todréaedin both physical units and trillion
Btu. The conversions accomplished in "CBFOUT" are reported tocdhmmon block name
"COALOUT".

The subroutine "CDS" calls the above subroutines in the same order in which they are discussed above, and this
order is shown in Figurd4. Subroutine "CREMTX" alscalls two other subroutines: "CDSINT" and
"RDCEXIN" (Figure 15):

0 "CDSINT" reads exogenous input arrays containing calibration factors for the CD&lland
"CMAPSR".

o0 "RDCEXIN" reads exogenous in@rrayscontaining calibration factors for the CES. These inputs
are described above in Part Il - Coal Export Submodule Documentation, Table A-1.

The subroutine "CREMTX" (or "CREVISE", depending on whether it is the initial or a subsequent CDS iteration)
controls the order in which regionally and sectorally disaggregated demands are solved in the solution 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 paraeters that order the assignment of demands, assign coal type labels
and sectoral names, and provide important adjustments to minemouth and transportation prices, as well
as constraining the types of ctlaht can be used to fill demands in different econmeittors 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.)

e "CLNODES" currently contains only supply and demand region name labels.
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e "CLRATES" contains a large matrix of transportation rates defined by economic subsector, coal supply,
and demand regions. These rates are specified 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 found in "CLPARAAf"are discussed in
Appendix A.

e "CLCONT" contains datdefining aggregated 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.

Figure 16 displays the functions of subroutine "CMAPSR". This subroutine creates the regionally and sectorally
distinct demands for which the CDS solves. It does not, however, prioritize these demands, nor does it perform
the important step afhodifying the demands to reflect the constraints imposed by existing electric utility coal
contracts. Both these processes are accomplished by subroutine "CREMTX", which is described in association
with the discussion of Figures 14 atfel "CMAPSR" readsommon block name¥ Q" (which contains the
nonelectric tility coal demands), "CDSCES" (which contains data passed by the Coal Export Submodule) and
the physical file "CLSHARE" (which contains thbares disaggregating non-utility demands from Census
Division to CDS demand region level).

During thefirst iteration ofeach forecast year"CMAPSR" obtains from the NEMS restart file for projected
yeart + 2 expected nonutility demands and csilbroutine "CMAPP" to create utility demands projected by the
Electric Market Mdule by CDS regiorsnd communicated via the common block "EMMOUT". The nonutility
demands are disaggregated to the regionally and sectorally distinct demands.

Once these physicahits have been read, subroutine "CREMTX" (or "CREVISE") can formulate a complete
demand list, and also has the information required to assign transportation costs basedaborigen and
destinationand the type of demand being supplied. However, in order to calculate the delivered prices for
candidate coal supplies to meet these demands, "CREMTX" (or "CREVISE") must obtain information defining
the minemouth costs of coal from the CPS. These values are read from the common block name "CDSCPS" by
"CREMTX". "CREMTX" (or "CREVISE") then calls subroutine "OMMhich solves the linear program to
produce an optimal solution. "CDS" then writes output describing the coal distribution solution to common block
name "CDSCPSP".

In yeart "CDS" obtains piecewise-linear capacity curves developed by the CPS. The capacity curves, combined
with the disaggregated nonutility and utilitgmands expected in projected ytear2, are processed by the CDS
algorithm to obtain projections of coaline capacity requirements in projected year2. The projected
capacities are output to the common block "CDSCPSP". In subsequent iterations, regional and sector demands
are reinitialized to theurrentdemand values for the forecast yeand "CREVISE" is executed as discussed

above.

Key Computations and Equations in the CDS

The CDS uses a linear programming (LP) formulation to find minimum cost coal supplies to meet sectoral coal
demandgeceived from the Electricitylarket Module, the Residential, Commercial and Indudiéahand
Modules and the Coal Expdubmodule of the CMM. The CDS selects the coal supply sources for all coal
demands in each domestic coal demand region, subject to the constraint that all demands are met.
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Figure 16. Functions of Subroutine “CMAPSR”
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The CDS orders input data, solves the LP model and provides the required outputs to the other submodules of
the CMM and to other modules of the NEMS. The initial matrix and objective function are inputs to the CDS.
However, most of the coefficients in the model change over time. For example, the objective function represents
the cost of delivering coal from supply regions to demand regions and its coefficients include minemouth prices,
transportation rates amdal demands specified by heat and sulfur content, alhich may vary. Similarly,
coefficients in the constraint matriwhich include the utility coatontracts, also change within the forecast
horizon.

Appendix A describes model inputs, parameter estimates and model output. Appendix B provides mathematical
description of the objective function and equations of the constraint matrix, and of the equations that derive the
revised coefficients for the LP model. Thmdel relies orOptimization and ModelingOML) software, a
proprietary mathematical programming package, to create and store coefficients in a database, solve the problem,
and retrieve the solution. The OML subroutines are summarized in Appendix F of Part Il of this documentation
report.
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CDS Transportation Rate Methodology

CDS inter-regional coal transportati@ies are calculated exogenously and read by subroutine "CDSINT" from

the physical file "CLRATES". During the forecast period, thedes are escalated or deescalateéftect

projected changes in input factor costs for transportation by several parameters read from "CREVISE". The
escalators used to adjust transportation rates year-by-year are prepared off-line using a regression model based
on the American Association of Railroads' Railroad Cost Recovery Indek(Q86 two escalators were used

to forecast different patterns of ratieange over time for coal shipments originating in Eastern and Western
coalfields.

As discussed elsewhere, thput rate array contained in "CLRATES" is prepared by subtractingmouth

prices from the EIA Form 7A, "Coal Production Report" from sespecific delivered prices from the Form EIA

3, "Quarterly Coal Consumption Report" (for the industrial steam and residential/commercial sectors), from the
Form EIA 5, "Coke Plant Report" for the domestic coking coal sector, from the Form EM-545 for coal exports,
and from the Form FER@23, "Monthly Report of Cost and Quality of Fuels fBlectric Plants" for the
Electricity sector.

"CLRATES" contains rates for each possible combination of 23 economic subsectors, 23 demand regions and
16 supply regions, a total of 8464 rates. The requirement for rapid CDS turnaround time imposes the need for
a method to rapidly recalibrate this rate ara@etw survey data. This is accomplished using an off-line program,
"BSRZR.FOR.TEST" that is used to adjust rates to base year values calculated from the surveys listed above.
This program operates by re-setting a component array in the "CLPARAMSiafiled "BSRZR'Wwhich

provides rate multipliers. This parameter is used to rapidly recalibrate the entire rate array when quick scenario
changes are required. It also provides the capability to selectively alter rates for specific inter-regional and sector
specific ratesvhenstudies of the sensitivity of distribution, production and/or price to rail rate changes are
performed.

Energy Information Administration/ Model Documentation: Coal Market Module 137



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.

CLRATES.<scenario>.<date key>. This file contains the basic coal transportation rates used in the CDS. The
input data are in 1987 dollars, organized as subsets of 23 rates (one for each economic subsector in the model).
These subsets amedexed inta368 groups representing the possible supply demand regiompairs in the

model. At the left hand side of the file, the regional two letter abbreviations are shown, with the supply region
on the left and the demand region immediately to the right. Rates are differentiated only for the major sectors, so
that in each subset of 23, a residential/commercial rate is followed by 3 industrial subsector rates, 2 metallurgical
subsector rates, 3 export subsector rates|el®ric utility sectorates and a synthetic fuel sector rate. Where
supply/demand region pairs are economically very unlikely (i.e., there is no historical record or current prospect
of coal moving between these two regions), dummy rates of 999.99 are entered.

COAL.CLSHARE.<scenario>.<datekey> . Thisfile contains rational numbers used to create demand shares

that distribute demands received at the Census division level of aggregation over the 23 CDS demand regions.
The shares are organized in 10 columns representing the 9 Census divisions plus a 10th column reserved in case
it is decided to model California as a sepae@on. The CDS demand regions are represented by the rows. The

first 23 rows contain rational numbers used to disaggregate residential/commercial demands. The second 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 is immediately followed by an array representing suppiigsoofed coal in millions of tons.

This input is indexed by Census division, CDS demand region, and by the sector to which the demand pertains
(i.e., "1"= Electric Utility imports, "2"= Inddgal imports, and "3"= Metallurgical imports). Each indexed group
contains 26 numbers, one for each year in the model's forecast horizon.

Following this array isone with 23 rowsnd 3 columns of rational numbers. These assign industrial demands
to the three industrial subsectors in the CDS for each CDS demand region.

The next array is the FERC Fo#A®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 utility demands (from 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.

COAL.CLEXPOR.<scenario>.<datekey> . This file contains the export demands received from the Coal Export
Submodule. Each group of demands contains 26 numbers represamtiademands for coal exports in trillion

Btu. These groups have 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"= premipores, "8"= high sulfur steam coal exports and

"9" = low-sulfur steam coaxports), and (3) the CD&al group fromwhich suppliesmay be drawn(The
organization of "coal groups" is explained below in the discussion of the "CLPARAMS" input file.)
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COAL.CLCONT .<scenario>.<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. On inspection
it will be seen that thesehands (they are expressed in trillion Btu) decline to zero before the 26th year. These
contract demands are indexed, from left to right, by line nuritigsdemand region, coal type, asapply

region.

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

COAL.CLPARAMS.<scenario>.<datekey> . Thisfile contains 11 arrays and vectors. They are described and
identified in the order of their appearance. The first array is named "COAL" and contains labels for the CMM
coal types.

The next array is a ameter named "BSRZR" that is used to adjust transportation rates by demand region and
economic sector. These adjusnt factors are indexed at the left by CDS demand region humber. Each indexed
group of 23 represents the array of subsectareiDS, beginning with the Residential/Commercial subsector
and terminating with the synthetic fuel subsector. "BSRZR" is produced by an off-line pthgtanses
historical delivered prices and minemouth prices generated lyPBetodetermine théransportation rate
adjustment that will provide the correct delivered price indise lyear of the forecast period (1990 in&heaual

Energy Outlook 1994

"BSRZR" is followed by "Sector", eolumn vector oflphabetic labels for the 2Z2onomicsubsectors 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 the 23 CDS economic subsectors to the 6 NEMS
economicsectors (Residential/Commercial, Industrial steam, Industrial metallurgical, Exports, Electric Utility,
and Synthetic fuels).

These vectors are followed by an array defining a parameter Ha@NRUR", which is indexed with the demand

region rumbers and their two-letter alphabetic abbreviations. "KCNUR" assigiaé groups to
residential/commercial, 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 demandhares by region for the three industrial subsectors. (The identical set of shares is found in the
CLSHARES input file and is described above.)

"KCNUR" is followed by apair of vectorgdefiningtransportation cost escalation trends during the 26-year
forecast horizon. These are named "BTR" and "BTW" and represent, respectively, rail and water transportation
cost escalators. Since the current version of the CPS doesingudist between coal transportation modes, only

the first vector, "BTR", is in use.

"BTR" and "BTW" are followed 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 abbreviations for the 16 CMM coal supply regions, with each group containing a value for each
of the 26 forecast horizon years.

"CSDISC" is followed by another parater used to assign coal groups to the 12 electric utility sectors assigned
to demands by coal type. This parameter, "KCUR"diexad by demand region, but the coal group assignments
do not vary among the regions. Thiest 12 coal groups defined are always assigned to teeseomic
subsectors, so that the "KCUR" array is simply the integers 1 through 12 repeated 23 times.
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The parameter "IGST" follows "KCUR", and it is used to define the 30 coal groups currently in use. "ICSET"

is indexed by the number of the coal group being defined, and lists the numbers of the coal types assigned to each
group. The identity of the coal types in the coal group can be obtained by referrindirst tveay 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 cogbés are identified. The integer numbers defining coal groups in "ICSET" are
identical to these numbers. Coal groups serve to limit competition between coal types in the model and are used
to represent the technical and regulatory limitations on substitution of different coals in the different economic
sectors and demand regions.

The last parameter in the CLPARAMS file, a raetor 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
PDMTI1R Metallurgical coal delivered price in 1987 $/million Btu
PDRC1R 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

QDRCI1R 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 SQ content 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(NMAXCURYV) Sulfur content in Ib/million Btu
VSCUR(NMAXCURYV) Production by supply region/coal type
PSRNG(NMAXCURYV) 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 type/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)

DTJIL(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

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 guantity 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
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Table A-3. Variables for Common Block CDSCOM?2 (Continued)

TITLE2(20) Second title

COAL(NCOALTYP) Coal type code

SUPRGN(NSREG) Supply region

DEMRGN(NTOTDREG) Demand region

ISVR(NMAXCURYV) Supply region index

ISVC(NMAXCURYV) Coal type index

KSVND(NMAXCURYV) Pointer to last active supply step
KCLR(NMAXCURY) 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

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
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Table A-3. Variables for Common Block CDSCOM?2 (Continued)

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

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_YINTZ1(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_SLOPES3(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)
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Table A-4. Variables for Common Blocks for CPS/CDS (Continued)

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

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

146 Energy Information Administration/ Model Documentation: Coal Market Module




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

CLSYNGON(17,MNUMYR)

11 Coal synthetic natural gas quantity

CQSBB(3,MNUMYR)

12 Coal production (East,West Miss, U.S.) in trilli
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
million Btu/ton

CQDBFB(MNUMCR,6,MNUMYR)

16 Coal consumption in trillion Btu

CELNR(NDREG,MNUMYR)

VLS bituminous coal price by CDS regions in 19§
$/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 198]
$/million Btu

PBHELNR(NDREG,MNUMYR)

HS bituminous coal price by CDS regions in 198]
$/million Btu

PSCELNR(NDREG,MNUMYR)

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

PSDELNR(NDREG,MNUMYR)

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

987

PSMELNR(NDREG,MNUMYR)

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

PSHELNR(NDREG,MNUMYR)

HS subbituminous coal price by CDS regions in
1987 $/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

$/million 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
$/million Btu

PLHELNR(NDREG,MNUMYR)

HS lignite coal price by CDS regions in 1987
$/million 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 regiohs

in million Btu/ton

BSDELNR(NDREG,MNUMYR)

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

BSMELNR(NDREG,MNUMYR)

in

MS subbituminous coal Btu factor by CDS regionf in

million Btu/ton

BSHELNR(NDREG,MNUMYR)

HS subbituminous coal Btu factor by CDS regions in

million Btu/ton

BLCELNR(NDREG,MNUMYR)

VLS lignite coal Btu factor by CDS regions in
million 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 millign

Btu/ton

BLHELNR(NDREG,MNUMYR)

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

>

SBCELNR(NDREG,MNUMYR) VLS bituminous coal sulfur factor by CDS regions in
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 jn
Ib/million Btu

SBHELNR(NDREG,MNUMYR) HS bituminous coal sulfur factor by CDS regions |n
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 in

Ib/million Btu

SSMELNR(NDREG,MNUMYR)

MS subbituminous coal sulfur content by CDS
regions in Ib/million Btu
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Table A-7. Variables for Coal Module Output Common Block (Continued)

SSHELNR(NDREG,MNUMYR) HS subbituminous coal sulfur content by CDS
regions 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

Output and Composition of Reports

Current output from the CDS falls into three categories:

From CDS generated data, the NEMS system currently generates four reports in the NEMS table array
(Tables 16, 93, 94, and 95).

An output file (&6005PRJ.@.COAL.CLCDS.<scenaridatekey) that currently contains 17 year-
specific detailed reports. These reports are intended for use in model diagnosis, calibration and to provide
detailed output 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 diagnostic
purposes, the reports in this file may be generated for each iteration of the CDS.

A secondfile containsoutputshowing the performance of the CDS Fortcade and is used for
diagnostic purposes (&6005PRJ.@.COAL.CLDEBUG.<scenatitatekesy.

NEMS Tables from the CDS

Prices and quantities produced by the CDS occur throughdEMS tables. However, the bulk of CDS output

is reported in four NEMS tables dedicated entirely to coal: Tables 16, 93, 94 and 95. These reports are organized
to show selected NEMS coal quantities and prices for each year in the forecast period. Table 16, "Coal Supply,
Disposition, and Prices" shows:

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 discrepancy (including the annual stock chambieh in coal can exceed 25 millitons per
year)
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e Average minemouth price in dollars per ton (the dollar year is provided)

e 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

® 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 93, "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 consumintateaters

shown in Table 16) and in nine regional versions for the Census divisions. In addition to sectoral consumption
and prices, this table shows the regional origin of coal consumed in the Census division for six aggregated supply
regions: Northerrand Southern Appalachia, the Interior, the Northern Great Plains, Other West and Non-
Contiguous. Imports are also showndach Census division, fizat the total of domestic and import supply

adds to total coal supply. Neither the national nor Census division versions of Table 71 show exports.

Table 94, "Coal Production and Minemouth Prices By Region," provides annual summaries of national
distribution from the same aggregated supply regions used in Thbfgdus subtotals fdive 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 95, "NEMSRegional Coal Production," provides a detailed report of regional production (Appalachia,
Interior, and Western Production) by coal rank (Bituminous, Subbituminous, Lignite) andesdfiftow,
medium, andchigh). This report allows the reader to track production shifts throughout the forecast period,
summarizing the response of the Coal Market Modukhiits indemand as a result of the Clean Air Act
Amendments of 1990.

Other outputs from the Coal Distributi@ubmodule occur in a number of NEM&bles. National coal
production, consumption, and exports are reported in quadrillion Btu in NBM& 1, as is the minemouth price

of coal in dollars per ton (Table 1&nnual energy consumptidar the Residential, Commercial, Industrial

(both indugrial steam and coking consumption are shown) and the Electric Utility sector in quadrillion Btu are
shown in NEMS Table 2. Table 3 gives delivered coal prices for these same sectors in dollars per million Btu.
NEMS Table 96 shows Btu conversion rates@al production (east and west of the Mississippi River, and the
national average), and for coal consumed in the domestic NEMS 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. These demands, shown in trillions of Btu, are indexiedtiothe CDSegion and Census Division in

which they occur by region number. These summaries are divided into a single-page report for the non-electric
utility sectors, aingle-page report for the 12 electricity sub-sectors that represent different coal Btu and sulfur
coal categories, 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:
e Census division index number, repeated to allow separate indexing of each CDS demand region in each

Census division, with subtotals for each Census division; the CDS demand region index number
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e Residential/Commercial demands, by region

e Demands for the each of the three industrial demand subsectors are listed in three columns; then the total
industrialdemand is listed in fourth; the fifthcolumnfor industrial demand contains the import
supplies that have been subtracted from industrial demand

e Demands for the two metallurgicalbsectors are listedth thesubtotal for both subsectors and the
import supplies that are subtracted from metallurgical demand

e Export demands for the three export subsectors and the subtotal for all export demands
e Total of all nonutility demand.

The Nonutility Demand Report is immediatélowed by the Utility Demand Report, again indexed by Census
division and CDS demand region with subtotals by Census division. Here the columns represent demands in each
of the 12 electric power utility sectdisat arekeyed toindividual coal types. (The Electricity Market Module

does 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 in the 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 Demandreport is followed by the Utility Summary Demand Report, which provides demand totals
by region for bituminous, subbituminous and lignite coals, and fomedium, and high sulfur coals. Only coals

of "C" or "Compliance" sulfur level—less than or equal to 0.6 lbs sulfur per million Btu—are reported as low
sulfur coals. Similarly, only coals of "H" or "Higlsulfur content—greater than67 lbs sulfur pemillion
Btu—are treated as highilfur 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 and shows each participant that contributes to the supply for every demand. It shows the coal shipped
to each demand by each participant in millions of short tons. The demands are shown in millions of short tons
and trillion Btu. This report also contains the adjusted minthmarice for each participant, the origin of the coal
shipped, the type of coal shipped, and the associated 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 Supply and Price Report, coal distribution is shown in a series of spreadsheets where rows
represent demand regions and columns supply regions. Each of these reports is three and one-half pages in length
and reports, for each supply/demand region pair, the tonnage shiptieel ardemouth, transport, and delivered

prices in dollars per millioBtu. Currently, these reports are operational for the industrial, export, and utility
sectors and for total coal distribution.

These reports are currently followed by a spreadsheet "Total Transportation Report." As currently formatted, this
report shows only the tonnage shipped and the tramapmih dollars per ton. It is planned to modify this report

to show the rates charged 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.
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These summary reports are followed by the Detailed Coal Production Repueiitag the production, minemouth

price, total energy content and Btu conversion factor for all supply curves used in the reported year. The report
is formatted to show the sulfur and 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 division and for the Nation. The statistics reported are production in millions of tons, demand in trillion
Btu, and the sectoral average Btu conversion factor. The minertrangportation, andelivered prices are

shown in dollars per ton, and the delivered price is also shown in dollars per million Btu. No prices are shown
for imported coal since it is not priced in the model.

Three more summary reports follow the Census Division Report. These show the dollar-per-million-Btu delivered
price, Btu conversion factor, and sulfur content of coal shipped to the utility subsectorstepoetseare
primarily of interest in diagnosing problems between the CMNMEEBI, since, in effect, they provide a concise
summary ofdata reported more extensively in other reports. These reports have the same format as the Ultility
Demand Report described above.
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Appendix B

Detailed Mathematical Description of the Model

The CDS model is specified as a Linear ProgfiaR), which satisfies demands at all points at thieimum
overall total production cost plus transportation cost. From the output of the model, it is possible to determine
an optimum pattern of supply.

The geographical representation of the domestic portion of the model is a set of coal production regions and coal
demand regions. Each coal production region has a quantity of coal available for transport to demand nodes, in
which the amount available is price dependent. The production cost associatedchittuantity of coal
available for delivery is inclusive of mining costs and coal preparation costs,

Mathematical Formulation

The table of column activity definitions and row constraints defined in the CDS matrix incorporate assumptions
described in Section 3 on Model Rationale and variable definitibith are described iippendix A. The
general structure of the matrix is shown as a block diagram in Table B-1.

The block diagram format depicts the matrix as made up of sub-matrices or blocks of similar variables, equations,
and coefficients. The first column of Table B-1 contains the description of the sets of equations and in the model.
The next two columns define sets of variables for the production and transportation of coal. The fourth and fifth
table columns, labeled Coal Switching define certain specialized activities that relate to allowing low sulfur coal
to substitute for higher sulfur demands, provided that the overall economics associated with total delivered cost
plus sulfur allowance considerations are favorable. The table column labeled Row Type, shows the equations to
be maximums, minimums, or equalities. The objective function row, which is considered a free row, is set up as
a linear programming cost minimization problem. Each block within the table is shown with representative
coefficients for that block, either a (+/-) 1.0 . The last table column, labeled RHS contains symbols that represent
the physical limitations such as supply capacities or demands.

The CDS matrix currently contains several thousand rows (equationsdlanthvariables (activities). The
block diagram in Table B-1 is a way of showing the matrix structure in a single table.

The mathematical specification for the CDS optimization program incorporates itgitbiructure the Coal
Export Submodule, which is discussed in Part Il of this document.
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CDS Linear Program Structure

Coal Distribution Submodule Block Diagram

Produce Coal | Transport Coal | Coal switching | Coal switching | Row RHS
QTi,j,k,r,u Qszj,k,r,u,u QSSj,k,r,u,u Type
QPi,r,u,t,s
Objective +p +t +C +m _ Min
(Cost)
Production
Shipping +1 -1 EQ 0.00
balance
Demand Coal +1 +1 -1 EQ D
Legend p = production cost QP = coal produced D = coal demand
t = transportation cost QT = coal transported
¢ = sulfur credit QS2 = coal switched
m = constant QS3 = lignite coal switched
Index Definitions
Index Symbol Description
0] Coal supply region
0 Coal demand region
(K) Demand sector
(9] Coal rank
(s) Mine step
®) Mine type
(u) Sulfur level
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Column Definitions

Table B-3. Column Definitions

Column Notation Description
QPrus = Quantity of coal fronstep s of thecoal supply curve produced from caalpply

region i and of sulfur level u and rank r.

Qtixru = Total quantity of coalransported from akteps ofcoal supply region i to coal
demand region j, of sulfur level u and rank r, for coal demand sector k.

QSkruv = Total quantity ofoal in demand region j and utility sector k that is switched from
coal sulfur level u to sulfur levet.u

Objective Function

The objective function is to minimize delivered costs (i.e., minemouth production, preparation, and transportation
costs, and adjusted for coal switching ) associated with moving coal from supply regions to demand regions and
has been defined for CDS as minimizing:

*
Ljkru T inj.k

*C +2j 2k 2r 2u 2u QS3i,r,u,t,s *M (1)

2i 2r 2u 2t 2s QPi,r,u,t,s *P iruts Ei 2] 2k 2r 2u QT
+2, % X %, X, QS2

jik,ru,u

where the individual terms of the equation represent the costs assadihtdte activities of production,
transportation, and coal switching and

P = Production or minemouth price
T = Transportation price
CorM = Switching cost

Row Constraints
Balance the coal transported from each producing region against the coal produced.

X QP s T EEQTijkru=0 (2

Meet the coal demands by rank and type.

Zi QTijpern t 2QSZ ) uu - 2 RS0 =Z P ™0 (3)

The Coal Export Submodule constraints are set forth separately in Part Il of this publication.
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Output Variables

Xijkut = Quantity of coal rank r and sulfievel uthat is transported frooal supply region i to coal
import region j for coal demand sector k.
Uikt = Finalized (solution) delivered price (minemouth plus transportation cost) to a specific sector in

demand region i. This variable is the final optimized value from the solution to the CDS model.

Row and Column Structure of the Coal Market Module

Each column and row of the linear programming matrix is assigned a name identifying the activity or constraint
that it represents. A mask defines the genergéperic name of set of related activities or constraints. For
example, the mask ‘P(SR)(R)(U)(M)(SP)’ defines the general name of all activities representing the production
of coal. The names of specific activities or constraints are formed by inserting into the mask appropriate members
of notational sets identified by the mask. For instance, the production of coal in Eastern Kentucky, of bituminous
rank, of compliance grade, from underground mines, and from existing (si@psl of a supplgurve) is
represented by the column vector P(EK)(B)(C)(U)(1).

Mask Activity Represented

P(SR)(R)(U)(M)(SP) Coal pduction in supply region (SR), coal rafQ,(sulfur level (U), mine
type (M) and step (SP).

T(SR)(DR)(S)(R)(V) Transportation from supptggion (SR) to demand region (DR) for
demand sector (S) of coal rank (R) and sulfur level (U).

S2(DR)(S)(R)(U)(V) Coal switching atemand region (DR) for utility sect@®) of coal rank
(R) from one sulfur level (U) to another sulfur level (U).

S3(DR)(S)(R)(U)(L) Coal switching at demand region (DR) for utility sector (S) of lignite coal
(R) from one sulfur level (U) to another sulfur level (U).

PX.(SRI(I) Coal supply in international supply region (SRI) of step (1).

TX(SH)(DRN(TI Transportation from supplgegion (SI) to international demand region
(DRI) of coal type (TI).

UX(DR)(SA) U.S. demand region (DR) for export demand sector (SA).

EXP(SI)(TI) Sum of exports from supply region (SI) for diversity of international coal
type (TI).

IMP(DRI)(TI) Sum of imports fromdemand region (DRI) for diversity of international

coal type (TI).
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Mask

S@(SR)(R)(U)

D.(DR)(SA)(C)(V)

BDX(DRI)(TI)

SXX(SRI)(TI)

SDX(DR)(SA)

BSX(SI)(TI)
DX(DRI)(TI)
VE(SI)(DRI)

VI(DRI)(SI)

where,

DR U.S. DEMAND REGIONS
NE NEW ENGLAND
NY NEW YORK

Constraint Represented

Coal production in supply regi@R) ofcoal rank (R) and sulfuevel
(V).

Coaldemand from demand region (DR) for demand sector (SA) of coal
group (C) and sulfur level (U).

Export balance row in international demand region (DRI) for export coal
type (TI).

The supply of coal type (TI) in international supply region (SRI).

The sum of U.S. internal exportsptorts indemand region (DR) and
sector (SA).

Total coal supply for diversity of supply region (Sl) of coal type (TI).
Export demand region (DRI) of coal type (TI).
Diversity export constraint on supply region (SI) to demand region (DRI).

Diversity import constraint on demand region (DRI) from supply region
(Sh).

PJ PENNSYLVANIA, NEW JERSEY

WV  WEST VIRGINIA

DV DELAWARE, WASHINGTON DC., MARYLAND
SA  NORTH CAROLINA, SOUTH CAROLINA, VIRGINIA

GA GEORGIA

FL  FLORIDA

Ml MICHIGAN

Ol OHIO, INDIANA

IW  ILLINOIS, WISCONSIN

KY  KENTUCKY

ES ALABAMA, MISSISSIPPI, TENNESSEE
MP  MINNESOTA, NORTH DAKOTA, SOUTH DAKOTA, NEBRASKA, IOWA

MK  KANSAS, MISSOURI

SP  OKLAHOMA, ARKANSAS, LOUISIANA

TX TEXAS
MT  MOUNTAIN
WY WYOMING

SW COLORADO, ARIZONA, NEW MEXICO
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DR U.S. DEMAND REGIONS (Continued)

UN
PC
CA

UTAH, IDAHO, NEVADA
WASHINGTON, OREGON, ALASKA, HAWAII
CALIFORNIA

SR SUPPLY REGIONS

PO
NV
SV
EK
VT
AL
WK
Il
Wi
TL
MD
EW
WWwW
ow
PC
NC

PENNSYLVANIA, OHIO, MARYLAND
NORTHERN WEST VIRGINIA

SOUTHERN WEST VIRGINIA

EASTERN KENTUCKY

VIRGINIA, TENNESSEE

ALABAMA

WESTERN KENTUCKY

ILLINOIS, INDIANA

IOWA, MISSOURI, KANSAS, OKLAHOMA, ARKANSAS
TEXAS, LOUISIANA

MONTANA, NORTH DAKOTA, SOUTH DAKOTA
NORTHEAST WYOMING

OTHER WYOMING

ARIZONA, NEW MEXICO, COLORADO, UTAH
WASHINGTON, OREGON, CALIFORNIA
ALASKA

R COAL RANK

L
S
B
P

Lignite
Subbituminous
Bituminous
Premium

U SULFUR GRADE

IZ0O0

Compliance
Low
Medium
High

M MINE TYPE

D
S

Deep
Surface

SP STEPS

158

N1
N2
N3
N4
N5
N6
N7
N8

1ST STEP
2ND STEP
3RD STEP
4TH STEP
5TH STEP
6TH STEP
7TH STEP
8TH STEP
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S SECTOR

RESID/COM = RESIDENTIAL/COMMERCIAL DEMAND
IND STOKER

IND PVC

IND OTHER

PREMIUM COKING

BLENDING COKING

PREMIUM EXPORT

LOW SULFUR EXPORT

HIGH SULFUR EXPORT

UTILITY DEMAND FOR "PC" AND "BC"

UTILITY DEMAND FOR "PD" AND "BD"

UTILITY DEMAND FOR "PM" AND "BM"

UTILITY DEMAND FOR "PH" AND "BH"

UTILITY DEMAND FOR "SC"

UTILITY DEMAND FOR "SD"

UTILITY DEMAND FOR "SM"

UTILITY DEMAND FOR "SH"

UTILITY DEMAND FOR "LC"

UTILITY DEMAND FOR "LD"

UTILITY DEMAND FOR "LM" COAL

UTILITY DEMAND FOR "LH" COAL

CONTRACT = EXISTING UTILITY CONTRACTS
SYNFUEL = DEMAND FOR SYNTHETIC FUEL PLANTS

sS<CHMWITOTVTOZZIr"R«~"IOMMOO®>»

SA ALTERNATE SECTOR
RC RESID/COMM.
IS IND. STOKER
IP IND. PVC
10 IND. OTHER
CP COMMERCIAL PREMIUM
CB COMMERCIAL BITUMINOUS
UG PREMIUM EXPORT
UH LOW SULFUR EXPORT
Ul HIGH SULFUR EXPORT
UuJ UTILITY 1
UK  UTILITY 2
UL UTILITY 3
UM UTILITY 4
UN UTILITY 5
UO UTILITY 6
UP  UTILITY 7
UuQ UTILITY 8
UR UTILITY 9
US UTILITY 10
UT UTILITY 11
UU UTILITY 12
UV CONTRACT
Uw SYNFUEL
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*  EXPORT TYPE
XP  Export Premium
XH  Export High Sulfur
XL  Export Low Sulfur

SRI INTERNATIONAL SUPPLY REGIONS
* COKING

NWC West Coast Canada

POC Poland

REC CIS Europe

RAC CIS Asia

SFC South Africa

HIC China

AUC Australia

* THERMAL
NWT West Coast Canada
NIT Interior Canada
CLT Columbia
VZT Venezuela
POT Poland
RET CIS Europe
RAT CIS Asia
SFT South Africa
INT Indonesia
HIT China
AUT Australia

S| GENERIC INTERNATIONAL SUPPLY REGIONS

UsS Uus
UA USAI
UG US Gulf

ul US Interior

UN  US Noncontiguous
UW US West coast
UE US East coast
NA Canada

CL Columbia

VZ Venezuela

PO Poland

RI CIS

SF South Africa
IN Indonesia

HI China

AU  Australia

RS  All of Russia

INTERNATIONAL SULPHUR LEVELS
1 Low (compliance and low)
2 High (medium and high)

U
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Tl INTERNATIONAL COAL TYPES
C Coking
T Thermal

DRI INTERNATIONAL DEMAND REGIONS

NIC
SCC
UKC
BTC
GYC
owcC
SPC
ITC
RMC
MXC
LAC
JAC
EAC
CHC
ASC
INC
NET
NIT
SCT
BTT
GYT
OowT
SPT
ITT
RMT
MXT
LAT
JAT
EAT
CHT
AST
INT
UET
UGT
uiT
UNT

Canada Internal
Scandinavia
United Kingdom
United Kingdom (alternate)
Germany
Other N. Europe
Iberian Peninsula
Italy
E. Europe & Medit.
Mexico
South America
Japan
East Asia
China, Hong Kong
ASEAN
India
East Coast Canada (THERMAL)
Canada internal
Scandinavia
United Kingdom
Germany
Other Northern Europe
Iberia
Italy
E Europe and Mediterranean
Mexico
South America
Japan
East Asia
China Hong Kong (diff. name)
ASEAN
India
US Eastern
US Gulf
US Interior
US Noncontiguous
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| INTERNATIONAL SUPPLY STEP
1 Stepl
Step 1
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9
Step 10

QWO ~NOOUR_WN

C COAL GROUPS
1 Premium and Bituminous
2 Subbituminous
3 Lignite
"" None
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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 1995

Part of Another Model:

o Coal Market Module
e National Energy Modeling System

Model Interface: The model interfaces with the following models: within the Coal Market Module the CDS
interfaces with the Codtxport Submodule and the Coal Production Submodule. Within NEMS, the CDS
receivesmdustrial steam and metallurgical coal demands from the NEMS Industrial Demand Module, residential
demands from the NEMS Residential Demand Module, commercial demands from the NEMS Commercial
Demand Module, and electricity sector demands from the NEMS Electricity Market Module. TredS6DS
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 Contact: Richard Newcombe

Telephone:(202) 586-2415

Documentation:

e EnergylInformation AdministrationModel Documentation, NEMS CoRlstribution Submodule
December 1993.

e Energy InformatiolAdministration, "Component Design Report, Coal Distribution," Revised Draft -
1/19/93.

e Energy Information Administratiorverview of the Coal Market Module of The National Energy
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Archive Media and Installation Manual: CDS96 -Annual Energy Outlook 1996

Energy System Described by the ModelCoal demandistribution at variouslemand regions by demand
sector.

Coverage:
e Geographic: United States, including Hawaii, Puerto Rico, and the U.S. Virgin Islands.
e Time unit/Frequency: Annual forecasts for 1990-2015 period (26 years).
® Basic products involved: Bituminous, subbitumaus and lignite coals in steam and metallurgical coal
markets.
e Economic Sectors: Forecasts coal supply to 1 Residential/lCommercial, 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 curves (there 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 ¢@aisportation by differennhodes 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 output for NEMS 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 minemoutlransport andlelivered prices, coal shipment origins and destinations (by
region and economic sub-sector), coal Btu and sulfur levels.

Modeling Features:

168

Structure: The CDS uses 202 coal supply curves representing 28 types of coal produced in 16 supply
regions. Coal shipments to consumers are represented by transportation 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 less sincemanyrates areeconomically infeasible. Coalpplies arelelivered to up to 22 demand

sectors in each of the 23 demand regions. A 23rd demand sector for synthetic fuel demands exist in the
CDS classification 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 25-year period (1990-2015).
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Modeling Technique: The modelitilizes a linear programming thaiinimizes delivered cost to all
demand sectors.

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 ExportSubmodule of the NEMS Coal Market Module provides demand for the coal export
sector. The CDS provides coal production, Btu conversion factors, minemouth, transportation and
delivered costs for coal supplies to meet these demands to the NEMS system.

— The CDS interfaces with the Coal Market Module's Coal Export Submodule to receive coal export
demands.

— The CDS interfaces with the Coal Market Module's Coal Production Submodule to receive supply
curvesthat specify thaminemouth price in relation to the quantity demanded. In turn, the CPS
receives production quantities from the CDS that are usdetéomine mine capacitytilization
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:

— — Demandshares by sector and regiolfl) residential/commercial (trillion Btu); (2)
industrial steam coal (trillion Btu): (3) industrialtaiéurgical coal (trillion Btu); (4) import
supplies (millions of short tons)

— — Coal supply/transportation contractg1) coal supply regions; (2) coal demand regions;
(3) coal quality (Btu and sulfur content); (4) contract anmakimes (trillionBtu); (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 subsectoral demands 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

— — Transportation rate escalation factorgl) exogenous; (2) based on estimates of factor
input costs (labor, fuel, etc(8) used to escalate and de-escalate transportation rates by
forecast year

— — Minemouth pice adjustments(l) can be made by supply region and forecast year; (2)
currently used only by forecast year; (3) used to adjust for productivity change
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— — Transporation rate adjustments(1) 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 iForms EIA-3 and -5, and FERC Forf3 toproducetransport rate,
calculates 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-545

U.S. Department of Commerce, Form IM-145

Association of American RailroadSAR Railroad Cost Indicg@Vashington, DC, quarterly)
Rand McNally and CoHandy Railroad Atlas of The United Stat&hicago, IL, 1988)
Lescoart, John E., ed986-1987 Fieldston Coal Transpation Manual(Washington, DC, 1986)

Output Data:

— Physical: Forecasts of annual coal supply tonnages (and tritain by economicsector and

subsector, coal supply region, coal Btu and sulfur content, and demand region

— Economic:Forecasts of annual minemouth, transportation and delivered coal prices by coal type,

economic sector, coal demand and supply regions

Computing Environment:

Language: FORTRAN

Processor: IBM RS/6000

Input/Output Mode: Batch

Average Run Time: 10 CPU seconds for a single year
Turnaround Time: 2 minutes to 1 hour

Average Compile Time:10 CPU seconds

Inhouse or Proprietary:

Inhouse

Independent Expert Reviews Conducted:
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The Coal Distribution Submodule of NEMS is a new modst, fised for thé&nnual Energy Outlook 1994
The only independent Expert Review conducted to date was for the Component Design Report, which was

reviewed byDr. Charles Kolstad of the University of lllinois and by Dr. Stanley Suboleski of the
Pennsylvania State University during 1992 and 1993.
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Status of Evaluation Efforts Conducted by Model SponsorThe Coal Distribution Submodule (CDS) is a
new model, developed for the Natiofalergy Modeling SystefNEMS) during thel992-1993period and
revised in 1994. The version described in this abstract is that intended for use in suppdnmfdh&nergy
Outlook 1996 No prior evaluation efforts have been made at the date of this writing.

Last Update:

As a new model, used in thenual Energy Outlogkthe CDSwill be updated annually. The version
described in this abstract was updated September 1995.

References:

The Coal Distribution Submodule is a new model, and tiiieifirst documentation of that model. The only
existing descriptive reference for this model is: Coal, Uranium and Renewable Fuels Analysis Branch, Energy
Supply and Conversion Division, Office of Integrated Analysis and Forecasting, Energy Information
Administration,Component Design Report, Coal DistributionRevised 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 distributioagdheyalso has access to
several data surveys collected for the Fedengrgy Regulatory CommissigRERC) that report the fuel
purchase and delivepractices of the Nation's electric utility sector. Other informat@mes from Census
Bureau forms reporting coal imports and exports. Data from the 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 Report—Manufacturing Plants", 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 evke plants: consumption,
delivered prices, and stocks.

Form EIA-6, "Coal Distribution Report" covers 99 percent of production (Form EIA-7A, below):
distribution from mine to consumer by economic sector, transport mode, and tonnage.

Form EIA-7A,"Coal Production Report" cover§@) coal poducers 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" b&sis.

Form EIA-759, "Monthly Power Plant Report," covers 100 percent of electricity generating plants 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
with capacity of 50 MW or more amdportsdelivered cost, receipts, ash, Btu, sulfur ("As Received"
basis), and sources.

FERC Form 580, "Interrogatory on Fuel and Energy Purchase Practices", is a biennial survey of investor-
owned utilities selling electricity in interstate markets and having capacity oWs&overage of
contractual base tonnage, tonnage shipped, ash, Btu, sulfur and moistuRe¢eh&d"basis),
minemouth price, freight charges, coal source and destination, shipping modes, transshipments (if any),
and distances.

Form EM 545 from the Census Bureau records coal exports by rank, value and tonnage from each port
district. The Form IM 145 reports imports by rank, value, tonnage, and port district.

Nonsurvey sources describe coal reserves andjtlaity. EIA maintains a Demonstrated Reserve Base (DRB),
updated annuallythat contained 475.6 billion short tons of coal on January 1, 1992. Tables distributing these
reserves by coal rank, State, and potential mining method are published dhnually. Estimates of Btu and sulfur

"8Energy Information Administratio@,0al Production 1984DOE/EIA-0118(84) (Washington, DC, November 1985), Appendix C.
“Energy Information Administratio@oal Production 1990DOE/EIA-0118 (90) (Washington, DC, September 1991), pp. 69-73.
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content associated with reserve tonnages by State and coal rank have @isbltstet® Btu and sulfur content

is linked with reserve tonnages by the Coal Analysis Rilbigh record oveb3,000sample analyses of coal
shipments to government facilities. These are recorded on aliBsis, but "AdReceived" moisture ialso

recorded, allowing comparison to data on FERC forms, above. These samples were taken from the 1940's to the
present, and contaimuch olddata 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 the geological data underlying the supply
curves used by the NEMS CDS. The association of mineneostiwith increments of coal reserves is the
central function of the NEMS Coal Production Submodule (CPS). The CPS is documented under its own title.

The resources that are available to support the NEMS CPS anth@ife a series afatabases 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 datalentifying the tonnage of exported coal mined in each State and the Department of
Commerce collectdata on the tonnage exported (by port district), there are no data to identifying the tonnage
from each minindgState that is exported @achport of exit. Also, there areurrently nodata describing the
minemouth price for coal delivered to any of the 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 historicdiyer in Btu content, higher in sulfur, afalver inash tharcoals
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 1995, data from the new Forms EIA-3A and -5A provided the quality, delivered price, and State of
origin for coal delivered to the industrial steam and industrial metallurgical coal sectors. The availability of these
data represented a significant improvement over that previously available for these sectors.

Available data on coal transportation rates are restricted to the nonproprietary data collected on FERC Form 580.
In addition tothe withholding of proprietargtata on the survejts coverage is restricted to a portion of the

electric utility sector that excludes both some ofdhgdst and many of the smaller electricity generation utilities

in the Nation. The difference between delivered costs as shown on the FERC Form 423, Forms EIA-3, EIA-5,
and EM 545 and minemouth costs as shown on Form EIA-7A in the most recent available historical year is used
to estimate transportation rates. The use of this method aditmsitton of different rates for each sector in each
demand regionbut—even if data fomore remote historical yeargere used—can do little to provide
transportation rates for routes that have not been used. More than half the routes indicated by the CDS supply
and demand region classification 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 these routes have been 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 general availability of coal-related data teatte used to build and calibrate the CDS fortheual Energy
Outlook 1996s summarized in Table E-1 which shows the entire EIA data frame as it has been available during
the NEMS construction and calibration period.

®Energy Information Administratiol, S. Coal Reserves: An Update By Heat and Sulfur Com&tE/EIA-0529(92) (Washington,
DC, February 1993).
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Appendix F

CDS Program Availability

The source code for the CDS program is available in the program office.
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