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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 develop the Annual
Energy Outlook 1998 (AEO98). This report catalogues and describes the assumptions, methodology, estimation
techniques, and source code of CMM's two submodules. These are the Coal Production Submodule (CPS) and
the Coal Distribution Submodule (CDS).’ . ) ' "L ‘

This document has three purposes. Itisa reference document providing a description of CMM for model analysts
and the public. It meets the legal requirement of the Exriergy Information Administration (EIA) to provide adequate
. documentation in support of its statistical and forecast reports (Public Law 93-275, Federal Energy
Administration Act of 1974, Section 57(B)(1), as amended by Public Law 94-385). 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.

i

Module Suﬁlmary‘

CMM provides annual forecasts of prices, production, and consumption of coal for NEMS. In general, the CDS

integrates the supply inputs from the CPS to satisfy demands for coal from exogenous demand models. The
 international area of the CDS forecasts annual world coal trade flows from major supply to major demand regions

and provides annual forecasts of U.S. coal exports for input to NEMS, Specifically, the CDS receives minemouth

prices produced by the CPS, demand and other exogenous inputs from other NEMS components, and provides
 delivered coal prices and quantities to the NEMS economic sectors and regions. '

Archival Media’

Archived as part of the,’Ng'tioqal Energy Modeling System producﬁoxi runs.

Model Contact

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

Coal Production Submodule

.The CPS generates a different set of supply curves for the CMM for ea(:h'year in the forecast period. The

"construction of these curves involves three steps for any given forecast year. First, the CPS calibrates the

regression model to base-year production and price levels by region, mine type, and coal type: 'Second, the CPS

., converts the regression equation into coal supply curves. Finally, the supply curves are converted to step-function

" form and prices for each.step are adjusted to the year dollars required by the CMM’s Coal Distribution .
Submodule. | ' : . :

»
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“

' :_ Coal Dlstrlbutton Submodule

. TheCDShastwopnmaryﬁmcuons l)detemnnemeleast-costsv.tpphesofcoaltomeetaglvensetofUS coal

" demands by sector and region; and 2) determine the least-cost supphes of coal to meet a given set of international
. coal demands by sector and reglon ) - . .

| Domestlc Coal Dlstnbutlon

.The domestic dlstnbuuon component of the CDS determines the least cost (mmemouth pnce plus transportanon
cost) supplies of coal by supply region for a given set of coal 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 costs are modified over time in response to projected variations in fuel -

_costs, labor costs, the pmducer price index for rail transportation equipment, and atime trend. The CDS uses

“the available data on existing utility coal contracts (tonnage, duration, coal type, and origin and destination of

shlpments) to represent coal shlpments under contract. These contracts are honored through their expuatton date

Internatlonal Coal Trade

The international component of the CDS provides annual forecasts of U.S. coal exports and-imports in the context
of world coal trade for inpitt to NEMS. The model uses 16 coal export regions (including 5 U.S. export regions)
* -and 20 coal import regions (including 4 U.S. import regions) to forecast steam and metallurgical coal flows which
. 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 reglon, sulfur dioxide limits; and mternanonal
coal supply curves. ‘ , ) :

Orgamzatlon of This Report

The next three secnons of thls repoxt glve the speclﬁcs of the CPS, the domesnc component of the CDS, and the
international component of the CDS, respectively. Each section provides details regarding the objectives,
assumptions, mathematical structure, and primiary input and output variables for each modeling area. Descriptions -
. of the relationships within CMM, as well as the CMM sinteractions with other modules of the NEMS mtegratmg

. System are also provided. . ‘

The ‘Appendices of each secnon wﬂl provxde supporting documentanon for the CMM files cumently residin gon
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
provxded in Appendix A. Each Appendix B contains a mathematical description of the computanonal algorithms
used in the respective submodule of CMM, including model equations and variable transformations. Each -
Appendlx C is a bibliography of reference materials used in the development process. Appendtx D.consists of " .
- model abstracts, and Appendix E dlscusses data quahty and estimation methods : . ’

vi / ' " Energy Information Administration/ Model Documeritation: Coal Market Module



Part I—Coal Productmn Submodule
Model Documentatlon |

1. Introd,_u\ct‘ion‘

'Statement of Purpose

Th1s chapter documents the objecuves and the conceptual and methodologlcal approach used in the development
of the Coal Production Submodule (CPS). It provides a description 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 by providing documentation from which energy
- analysts can undertake model énhancements, data updates, and parameter xeﬁnements to improve the quahty of
the module .

~

Model Summary

The modeling approach to regional coal supply curve construction discussed in this chapter addresses the
relationship between the minemouth price of coal and corresponding levels of coal production, labor productivity, .
and the costs of factor inputs (mining equipment, mine labor, and fuel). These relationships are estimated
. through the use of a regression mode] that makes use of regional level data by mine type (underground and
surface) for the years 1979 through 1994, The regressmn equation, together with pro_;ected levels of labor
'productlvxty, miner wages, fuel prices, and the cost of capital, produce minemouth pnce estimates for coal by
' ‘regmn, mine type, and coal type for different levels of productlon i

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 three main steps for any given forecast year.
First, the CPS calibrates the regression model to base-year production and price levels by region, mine type, and
coal type. Second, the CPS converts the regression equation into coal supply curves. Finally, the supply curves -
are converted to step-function form and prices for each step are adjusted to the year dollars required by the
CMM'’s Coal Distribution Submodule. The completed supply curves are input to the CDS, which finds the least
cost solution (minemouth price plus u'ansportahon cost) of sausfymg the projected annual levels of domestlc and
international coal demand. :

~ Energy Information Administration/ Modal Documentation: Coal Market Module : 1



Model Archlval Cltatlon and Model COntact - _7» SR . .

" - The version of the CPS documented in this report is that archlved for the forecasts presented in the Annual
Energy Outlook 1998 ’ . : S

‘Name: Coal Pmducuon Submodule

Acronym: CPS = . T L '

Archive Package ~“NEMS98 (Available from the Energy Informauon Admlmsuauon, Ofﬁce of Integrated
* .- Analysis and Forecasting)

. Model Contact. Michael Me]llsh, Department of Energy, EI-822 Washmgton, DC 20585 (202) 586-2136

" Report Orgamzat:on

This report describes the modelmg approach used in the Coal Production: Submodule Subsequent sections of this
report descnbe

®. The model objectives, mput and output, and relationship to other models' (Chapter 2)
e The theoretical‘approach : assumpﬁon's, and' other appro'aches' (Chapter 3j

0 The model structure; mcludmg key computations and equanons (Chapter 4)

e

An mventory of model mputs and outputs, detailed mathematrcal specrﬁcauons, bxbhography, and model abstract
are included in the Appendrces ,

. . 3 -
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2. ',Mb.del P,ﬁrpqse and Scope

_ Model Objectiv,es'

The objective of the CPS is to develop mid-term (to 2020) annual domestic coal supply curves for the Coal
Distribution Submodule (CDS) of the Coal Market Module (CMM) of the National Energy Modeling System

" (NEMS). The supply curves relate annual production to the marginal cost of supplying coal. Separate supply

curves are developed for each unique combination of supply region, mine type (surface or underground), and coal

The model is part of a larger integrated National Energy Modeling System (NEMS). The NEMS is a

comprehensive, policy-oriented modeling system with which existing situations and alternative futures for the .
. U.S. energy system can be described. A primary NEMS objective is to delineate the energy, economic, and
.environmental consequences of alternative energy policies by providing forecasts of alternative mid- and long-

term energy ‘futures using a unified system of models. Each. production, conversion, transportation, and -
' consumption sector is implemented as a module in the NEMS, and supply and demand equilibration among these .
sectors is achieved through an integrating framework. Annual forecasts are provided through a 25-year horizon.
NEMS is capable of providing forecasts of energy-related activities in the United States ‘at the national and
regional Jevel. Moreover, the NEMS w111 provide comprehenswe, mtegrated forecasts for the Annual Energy
Outlook. C

v

Coal Typology

The model's coal typology includes four thermal and three 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 premiurn grade bitiminous coal used primarily for metallurgical purposes. The three sulfur grades
represented are low, medium, and high. The low sulfur grade corresponds to the limitation on sulfur dioxide
emissions that electric utilities are required to meet by January 1, 2000, in accordance with Phase II of the Clean.
Air Act Amendments of 1990. Phase II imposes a permanent cap on.sulfur dioxide emissions, which
corresponds to approximatély 1.2 pounds of sulfur dioxide per million Btu of heat i input for all generating units
that existed before 1990. In total, 12 coal types (unique combinations of thermal grade, sulfur content, and mine
type) are reépresented in the CPS (Table 1). Thermalgradesaremnnlhoanpertonand smmrgrad&sarem
pounds of sulfur chox1de per million Btu. ‘

" -Coal Supply"Reg'ions =

Eléven coal supply regions are represented in the model The coal reglons are listed in Table 1 and shown in
, Figme 1. The coal supply regions represented mclude States and reglons in which prospective changes in coal.
use are likely to have the greatest market 1mpacts

-
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Figure 1. CMM Coal Supply Regions
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" 'Model lnputs and Outputs -

iy

" Model i input reqmrements are grouped mto two categones, as follows
L User-spec1ﬁed mputs . o
L Inputs prov:ded by other NEMS modules and submodules

. User-specified inputs for the base-year mclude coal product:on, mmemouth coal pnces, miner wages, labor '
productmty, cost of mining equipment, and the price of diesel fuel, Other user-specified inputs required for the
* NEMS forecast years include: annual growth rates for labor- ~productivity and wages, and index numbers for the

annual user-cost of mining equipment. Inputs obtained from other NEMS modules include coal productionfor .

- year t-1, the minemouth coal price for years t and t-1, and diesel fuel prices (Figure 2). Appendlx Alincludes a
complete list of input variables and speclﬁcatxon levels. -~

The: pnmary outputs of the model are annual coal supply curves (pnee/productlon schedules), provided for each-
) supply xeglon, mine type and coal type. - \ .

' 'Relationship to 'Oth'er Mbdu’les‘

. The model generates reglonal nnd-term (t02020) coal supply curves. A dlstmct setof supply curvesis determmed
foreachforecast year, The supply curves are required by the CDS submodle of the CMM. The information flow

. between the model and other components ¢ of NEMS is shownin Figure 2. Informauon obtamed from otherNEMS
modules is as follows: .

-

] Nauonal level d1esel fuel prices from the Petroleum Market Module (PMM) in year t
@ Coal production by CPS supply curve in yeart-1
® Minemouth coal prices by CPS supply curve in years t and t-1

6 .- ~ Energy Information Administration/ Mods! Documentation: Coal Market Module
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" Figure 2. Information Flow Between the CPS and Other éomponents of NEMS -
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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 construction of these curves involves three main steps for any given forecast year. First, the CPS calibrates
the regression model to base-year production and price levels by region, mine type, and coal type. Second, the
CPS converts the regression equation into coal supply curves. Finally, the supply curves are converted to ‘step- )
function form for input to the CMM’s Coal Distribution Submodule, which finds the least cost solution
‘(minemouth price plus transportanon cost) of satrsfymg the pro_]ected annual levels of domestlc and mtematlonal
coal demand. :

The CPS addresses the relationship between the mmemouth pnce of coal and correspondmg levels of coal
production, labor productivity, and the costs of factor inputs (mining equipment, mine labor, and fuel). These :
relationships are estimated through the use of a regression model that makes use of historical regional level data.

. The regression equation, together with projected levels of labor productivity, miner wages, capital costs and fuel

. prices, produce minemouth price estlmates for coal by reglon, mine type, and coal type for different levels of
' productlon \ . -

Underlymg Ratuonale

This section presents the econometric model used to produce coal supply curves for the AEO98 forecasts. The -
" primary design criteria guiding the miodel’s development was that the model should conform to economic theory.
" Specifically, following economic theory, a ceteris paribus, an increase in output or factor prices should result
- in higher minemouth prices.

: Ot.her c1tena for the model related to the attamment of reasonable regressmn statistics as follows:

- coefﬁclents should be unbiased

- coefficients that are expected tobe pos1t1ve (negatwe) should be posmve (negative) and stausncally
significant

- the model should be capable of accounung fora substanttal porﬁon of the vanauon in mmemouth prices
over the historical penod

AN

' Backgrauﬁri Disc'ussian and Theoretical Foundation

Itis well estabhshed in the economics hteratme that supply curves for most products are upward slopmg and thus

* one should expect to observe a direct relationship between the quantity supplied of a product and its price, all .

- -other factors being held constant . The rationale for this is straight forward — — higher pnces increase the

. profitability of coal production thereby mducmg firms to increase output. Somewhat paradoxically, in the case
of coal, the apparent relationship Between production and price has been inverse (Figure 3). For while bituminous
and subbituminous coal production has mcreased by 59. percent over the period 1978 through 1996, real coal

prices have declmed by 61 percent. . .

“This apparent contradiction of the “Law” of supply over the period 1978 through 1994 is not a contmdtctlon at
all. Rather, it is attributable to the fact that factors other than production were also changing over the period.
Changes in technology, management practices, and work rules have-had a. profound effect on total factor
productmty For instance, output per miner has increased to 5 69 short tons per labor hour in 1996 from 1 77
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tons per labor hour in 1978. While estimates of prodictivity per unit of capital are not readily available, there is
little doubt it too has increased as a result of technological changes, changes in the average size of mines, as well
as more intensive utilization of the capital equipment. o .

As a rosult of these supply side changes, the quantity of coal demanded, and, thus, produced, has increased over

" the forecast period, while prices have failen. This type of situation js iliustrated in Figure 4, which shows a shift -
in an upward sloping supply function from S1 t0.52. As.a result of this shift, output increases from Q1 to Q-
and the price of the product supplied declines from P1 to P2. ' S ‘ :

" Figure '3; U.S. Coal Production and Prices, 1978-1996

8 & 8
1992 Dollars per Short Ton

Milllon Short Tonts

-

A Model of the Coal Market

- The above discussion suggests thai the predicted positive relationship between the price of coal and coal

production is not invalidated by the observed inverse relation between these variables over the past 15 years. -
The discussion also indicates that supply changes, . shifts in the supply function, have domiinated the effectof -
" changes in demand on the price of coal. Thus, the recent historical data strongly indicate that a model of coal
supply.and pricing should be very accommodating to the incorporation of technological progress as well as the
other factors which affect supply. - ~ - o S '

The econometric model developed for the CPS is based on an evaluation of various coal-related data for the years
1979 through 1994.! The model has the following general form, where, in equilibrium, the quantity supplied in

the market équals the quantity demanded, i.e. Q;° =Q ie® = Quge:

Ll

' '

- Science Appliéﬁons International Corporation, “An Econometric Model of Coal Supply° Final Report,” (unpublished report prepared
for the Energy Information Administration, chmbet 20, 1996). . : ‘ - )
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Figure 4. Price and Quantity Impact of a Shift in the Supply Finction
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where | . > .
Q> - quantity of coal demanded from region i and mine type3, in yeart -
Ay ~ - constant term for the demand function for region i and mine type j
. Pm .. .- minemouth price of coal for region i and mine type j, in yeart
TRAN, -measureof the costof uinsporﬁng »the coal in regfog i to the regions where it is consumed
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can,

- ELECT, -2 measure of total U.S. elecui'city_ generation requi_rements in year ¢
IND, - | < a.measure of.ﬁ.S. industriai output in year t B
EXPORTS,, - level of U.S. coal exports in year t-1 - |

‘ OTHPI:{OD“ - total U S. coal productton in year t-l mmus the coal productlon for the current observatlon

PGAS, | - dehvered price of natural gas to the utlhty sector, gas bemg a substttute for coalin the "

: generauon of elecmclty _
WOP,. - -world oﬂ-pnee in year t ‘ ’
S’I.'(.)C_KS, -a measure of coal mventones at the begmmng of year t
BTU_TON;;, ~a measure of the heat content of coal produced in reglon i, mine type j,in year t

: -dummy variable representing the i 1mpact of the Clean A:rAct of 1990. Equal to one 1f yearxs

greater than 1990, O otherwise.

by

€ije - random error term correspondmg to the demand ﬁmcuon for reglon i, mine type j, m year t.
Q. quanuty of coal supphed mreglon i, mine type j»in year t | . '

| B, - constant term for the supply functton for region i and mine type j

: TPH”., ' | - average Iabor productmty of coal mines for region i, mine type j,inyeart
WAC.i.E_t . average annual cost of labor per miner for region i in yeart.
PéAP‘ . an index-of the eost of capltal equipment-used at U.S. coal mlmng operations in-year t
PFUEL -a measuredf the average price of fuel used .at.eoal mining operatione in year t
s - random error term correspondmg to the supply function fof region i and mme type js

inyeart.

I this model, the amount of coal demanded from region 1 in year t is determined by the minemouth price, the cost

- of uansportmg the coal to market, the generation needs of the electric industry, industrial output, the price of -

fatural gas, the world oil price, the level of coal stocks, the heat content of the coal, and the regulatory regime

. -as proxied by the passage of the Clean Air Act Amendments of 1990 (CAAA90). On the supply side of the

. .market, the minemonth price is assumed to be determined by the quantity of coal produced , the Tevel of labor
productmty, the average level of wages, the annualized cost of mlmng equipment, and the cost of fuel used by

mmes . .

\
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' Estimation Methodology . L I

+ Inequatién (2), the error term in the supply equation e® affects P. However, in equation (1), price influences O.
As aresult, the variable Q on the right hand side of the supply equation is correlated with the error term in that
same equation. This violates one of the fundamental assumptions underlying the use of ordinary least squares,
" naniely that the error term is independent from the regressors. The consequence of this violation is that the

ordinary least squares estimator will not be consistent.

An equally serious problem is that while WAGE, PCAP, and TPH are all hypothesized to affect the price of
coal, they are also affected by the price of coal. An increase in the price of coal due to say, increased demand
for coal, may affect the wages paid in the coal industry as well as the cost of mining equipment. Prices may also
influence the level of productivity. If prices decrease (increase), marginal mines are abandoned (redeployed),
increasing (lowering) labor productivity. This violates the assumption underlying the use of OLS, making it an_
inappropriate method by which to estimate the supply function. I :

" . Oneaccepted solution to the problem of biased least squares estimators is two stage least squares.? The objective
of this technique is to make the explanatory endogenous variable uncorrelated with the error term. This is

~accomplished in two stages. In the first s'i_:age of the estimation, the endogenous explanatory variables are. )
regressed on the exogenous and predetermined variables. " The product of this estimation are predicted values of
the endogenous explanatory variables that are uncorrelated with the error term. These values are employed in
the second stage of the technique to estimate the relationship between the dependent endogenous variable and

. the independent variable(s). : . . ' 1 .

Labor Productivity and Factor Input Costs

" Historically, labor productivity and the costs of factor inputs have played an important role in the determination
of U.S. coal production and prices. In the coal industry, new technology developments tend to be evolutionary °
rather than revolutionary in nature in the coal industry. The introduction of longwall 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 change
comparable in scope to the introduction of Jongwall mining. Furthermore, these new technologies have increased
their market shares gradually over time. For example, the percentage of total underground production from - -
continuous mining increased from 2 percent in 1951 to 31 percent in 1961. By 1971, the share of continuous -
mining coal production was 55 percent, and, in 1990, continuous mining accounted for 64 percent of total

* underground production.® The percentage of total underground production mined by longwalls rose from less than .

1 percent in 1966, to 4 percent in 1976, and to approximately 16 to 20 percent by 19824 Recent data collected

by EIA shows continuing penetration during the 1990's, with longwall’s share of total underground production

rising from approximately 29 percent in 1990 to 48 percent in 1995.° For surface mines, thé size and capacity
of the various types of equipment used (including shovels, draglines, front-end loaders, and trucks) has gradually

. increased over time, leading to steady growth in the average productivity of these mines. -

. / : - ‘ - .

Whether technological change represents improvements to existing technologies or fundamental changes in
technology systems, the change has a substantial impact on produ_étivity and costs. With few exceptions,

%G.S. Maddala, Introduction to Econometrics: Second Edition (New York, MacMillan Publishing Company, 1992), 355403,
L Rocenberg, et. al., Manpower for the Coal Mining Industry: An Assessment of Adeguacy through 2000, prepared foc the U.S. Department of -
Energy (Washington, DC, March 1979). -. g . . <.

“Paul C. Merritt, "Longwalls Having Their Ups and Downs,” Coal, MacLean Hunter (February 1992), pp. 26-27.

*Energy Information Administration, Coal Data: A Reference, DOE/EIA-0064(90) (Washington, DC, November 1991), p. 10; and Coal Industry
Annual 1995, DOE/EIA-0584(95) (Washington, DC, October'1996), Table 5. | B ) ’ -
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" transition in the coal industry to new technology has been gradual, and the effect on productivity and cost also

has been gradual.® The gradual introduétion of new technology development is expected to continue during the

. NEMS forecasting horizon. Potentral technology developments in nnderground mmmg during the next 5010
years are as follows:” , , [

. o A contmuatlon in the trend toward mcreased contmuous miner mining and loadmg rates :

.. Introduction of equlpment w1th self-dlagnostlc capabﬂmes '

:

. ® Automauon oflongwalls LT
o Increased depth of cuttmg drums on longwall shearers
L Contmmd penetratxon of 1mproved longwall and cont:nuous mmmg technology

L] Increased utlhzatlon of conveyor belt monitoring systems, and extensxon of momtormg systems to the
production equipment ,

0 B Inn'oductlon of plllarmg shrelds (currently in use at only two nnnes)
| O__' Increased utilization of continuous haulage systems in thrck seams

° Apphcatlon of longwall mmmg to above-dramage seams

o i Increased utlhzatlon of continuous mmmg supersectlons e

Potential i 1mprovements in smm mining technology include the mcreased uuhzauon 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 draghnes and loadmg shovels and larger i
trucks for overburden and coal haulage). '

~ Technological developments during theNEMS time horizon are expected to consist of incremental improvements
to existing technology rather than the introduction of new technologies. Because of the complexity in'
representing explicitly in the model the cost impact of each potential technology improvemerit, the effect of -
incremental technology change is captured indirectly through its estimated net effect on labor productivity. Since -
technology developments in the mining industry reduce costs primarily by impacting productivity, exogenous

* estimates of labor productivity that reflect the estrmated net effect of technological improvement are provided
to the model in each forecast year. Separateesumatesarempnttothe model for-each region and mining method.
The cost effect of the labor productivity change for each succeedmg year is determined using the coal-pncmg
.- regression model which mcotporates both mgronal and mine. type coefficients. In each forecast year, the -
regression model determines the change in cost due to the changes in labor productivity and the costs of factor ~
inputs. This calculation is based on exogenous producuvrty forecasts together with forecasts of the various factor
input costs. The costs of factor inputs to mining operdtions captured by the model include projected and estimated
- changes in real labor costs, real dlesel ﬁxel pnces and the annualized cost of cap1tal over the forecast period.

‘Perhaps the most notable exeeptron has been the dramanc, on-gomg gise in longwall producnvxty, following raprdly on the heels of
the introduction of a new generation of longwall equipment in the last decade. Between 1986 and 1990, longwall productivity nearly
doubled, and although this increase should not be attributed solely to the improvements in Iongwall technology, the mtroducnon and
rapid penetration of the new Jongwall equipment was unquestionably a major contributing factor.

7S.,C. Suboleski, et. al., Central “Appalachia: Coal Mirie Productivity and Expansion (EPRI Report Series on Low-Sulfur Coal
Supplxes) (Palo Alto, CA Electric Power Research Insntute (Publication Number IE-7117), September 1991)

- —
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A Revrew of Other Coal Supply Analysls Models

’ Dmrng the development of the CPSin 1992 and 1993, three alternanve mid-term coal supply analysrs models

. - were reviewed: the EIA's RAMC; the coal supply module of ICF Inc.'s Coal and Electric Utilities Model

(CEUM); and the coal supply portion of the Data Resources, Inc. (DRI)/Zlmmerman Model. The approaches to
coal supply analysis used in these models are outlined in this section: :

Resource Alloeatlon and Mlne Costmg Model

" The RAMC generated coal supply curves that were used as mputto otherEIA models—most notably the CSTM.8
The CSTM used RAMC supply curves, in-conjunction with its coal transportation network, to determine Jeast
cost supplies of coal by supply region for a given set of coal demands by demand sector and region. The RAMC
supply curves were used as an exogenous input to EIA's Intermediate Future Forecastmg System (IFFS). The
most recent and final use of IFFS by EIA was to produce the mtegrated forecasts of energy productlon,
consumption, distribution, and prices published in the Annual Energy Outlook 1993. RAMC supply curves also -
have been used as input for stand-alone mode! 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 plpehnes

The RAMCused a model mine approach to construct mid-term coal supply curves. The model mcorporated 32
supply regions and 30 coal types (combmanons of 5 heat content categories and 6 sulfur content categories). With . -
the exception'of reducing existing mme steps to reflect the retirement of older mines, the RAMC supply curves
remained static over time. New mines were opened only when production from existing mines could not meet a
specified level of demand. The RAMC assumed that all mines operate at full capacity utilization under a
presumption that coal demand balances producnon capacity in the long-term. The RAMC adjusted mining costs
for projected or assumed changes in the real costs of capital,:labor, and power and supplies. through the
mcorporanon of separate escalation factors for each of these categories. Adjustments of these escalators were
~ reflected in the calculauon of annual levehzed costs in the RAMC and could be made only atthe nanonal level.

ICF's Coal and Electric Utllmes Model I

The CEUM is used to analyze coal-related pohcy issues. It is a successor to the Nanonal Coal Model developed
- byICF, Inc. for the Federal Energy Administration in 1976.° Among the many analyses the CEUM has been used
for are western coal development, Federal coal leasing, and acid rain mitigation proposals (including analyses
‘of various legislative proposals leading to the enactment of the Clean Air Act Amendments of 1990 for the
Environmental Protecuon Agency) o o . -

The coal supply module of the CEUM uses a model mine approach to produce mid-term coal supply curves. The
model incorporates 40 supply regions and 50 coal types (combinations of 7 heat/volatility level categories and
7 sulfur content categories, plus 1.anthracite category).'” The effects of depletion, changes in labor productivity, -
and changes in real costs of factor mputs on mlmng costs are estlmated overthe forecast penod. '

The coal supply module of the CEUM and the RAMC share common ongms; since both are modified versions
of the coal supply model incorporated into the 1976 version of the Energy Information Administration’s National

) ‘EnagylnfamanonAdmmrszrmoo,DoamxamuonafﬁeResoumeAIIoemmmdeComg(RAMC)ModeLDOEEIA-MOZl@z)(Washmgmn,
DC, January.1992).

*ICF, Inc., The National Coal Model: DamnmdDmmmedfmﬁe&daﬂEnugyA&mmﬂmm(wmgm.DQW .
lm&,mdnmmDynmCapamm.ARmewafCodSupplyModeb prepmedforAssxstamSecxetaryofFossilEmgy U.S. Department of
Energy (Washington, DC, October 1982),p. V-6. -

%, Inc., Documentatiots of the ICF Coal and Electric Utilities Model: Coal Supply Curves Used in the 1987 EPA Interim Basé Case, prepared
forthe U.S. anrronmentxl Protection Agency (Washmgton.DC,Septcmber1989) K .

-—
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Coal Model. However, the two models d1verged from each other over time,. usmg somewhat different methods
for deriving annual levelized mining costs: Most revisions to the models involved the addition of more detailed
" model mines to bettér reflect variations in coal geology and coal mining techniques. In addition, Jongwall model
’ mines were added to reflect the growmg importance of longwall technology in the U.S. coal mining mdustry n

- The ICF model and database mod:ﬁmtxons 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) themcorpoxanon ofi intertemporal rents into ﬂ1e algonthm used to calcnlate a mlmmum acceptable selhng
price.”2 . . . .

i

DRI/Zlmmerman Model. ; | S

The DRI/Zimmerman coal model was used to develop m1d-term forecasts for DRI Inc S coal analys1s and

forecasting service.” In the DRI coal supply module, reserves were allocated to mine cost categories (deﬁned

- primarily by seam thickness for underground mines and by overburden ratio for surface mines), in contrast to
- being allocated to coal mines.' As a result, the horizontal axis of DRI supply curves reflected the total amount *

- of recoverable coal reserves instead of potential annual production. Long-run marginal costs, which determine
the height of each step, were the suim of annual levehzed capital costs and current year mine operating costs.”
Thus, if labor, materials, and supply costs do not increase in real terms over the forecast period, the DRI mine
costs are equivalent to an annual levelized cost. On each supply curve, all reserves in thé lowest cost category for
a particular region and coal type combination are ptoduced before any reserves in the next highest cost category.

-To limit the amount of new production that can come on-line in a given forecast year, maximum annual

. percentage increases/decreases in coal production were input by supply region. Intertemporal adjustments to mme :
costs were made to reflect the impact of expected changes in labor productmty ' The model mcorporated 10
“supply regions and 6 coal types (sulfur content categones) : .

The primary d1ﬂ’erence 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 before any reserves in the next ‘highest cost
. category. In contrast, on.a RAMC supply curve, where the horizontal axis represents potential annual production, -
-coal of various costs was produced at the same time."” Thus, in the RAMC, the producer with the highest mining
_costs, as determined by the annual level of coal demand, is treated as the pnce leader. Produoers with lower
mining costs on the same supply curve earn economlc rents. .

- "mmmw“mmmm«wmmm (unpnblmhedxcponprepmedfcﬂhe&etgy
Information Administration, December 20, 1996). . - )
uhmpaalmtsmbasednpontheeeonmmctbeuyofdephtabkm '
PResource Dynsmics Corpocation, A Review of Coal Supply Models, p. VI-1. : ’
“Ben]amml.ev ed,EnagyModelsmdSmﬁe:(AmstadmthHollmdPnblishmgCompmy,l%),RxdmdLGmdcn,mEvohdwnofCoal ,
Market Models arid Coal Policy Analysis, p. 73. , o .
”RmDynannmCapmmARemvofCoal&:pptyModeh p. VIES2,
1%Ring Lin, Data Resources Internationsl, Inc., Personal Conversation, March 18, 1992.
‘%mpsmaRAMCsupplymmadaedﬁmMpmdnmmeosthghmpmdnmmm
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4. Mddel Str'ueture

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 equations and a flow dtagram showmg the
sequence of computanons are included in Appendix B. . .

The model constmcts a dlstmct set of supply curves for each forecast year. in three separate steps,.as follows.

° Step 1 Cahbrate the regressron model to base-year producnon and price levels by region, mine type and
coal type .

] Step 2: Convert regnessron equation into supply curves .

® Step3: Construct step-functlon supply curves for i input to the CDS

'Step 1: Model Callbratlon

To calibrate the model to the most recent historical data, a constant value is added to the regressmn equation for
each supply region, mine type, and coal type. Thus, when using the base year values of the independent variables,
the model solution will equal the base year price as mput by the user. The constant value is computed as follows:

where

C,;x = constant to be added to the regression equanon for supply region I, mine type I8 and
coal type k .

BYP;;, = Acwal base 'year pnce for region I, mine type j, and coal type k (do]lars/ton)

* MPm = Price computed from negressron equation using base year values of the
‘ mdependent vanables, for region I, mmetype J» and coal type k (dollarslton)

Note that for calibration purposes the simplifying assumpuon is made that the lagged values of the mdependent o

variables (used in those terms of the equation needed to correct for autocorrelation) are the same as the base year
values. This assumption obviates the need to provide the model with two years of base data, and is believed to
yielda rea.sonable approxrmauon of the “true” cahbranon constant. . _

Step 2; Convert Regressuon Equatlon into Suppty Curves |

Aregressron equation is usedtoesumatethe relanonshlp between minemouth prices and the pmjected orassumed

values of production, producnvrty, waggs, capital costs, and fuel prices. A distinct supply curve is developed for
- each combination of region, mine type, and coal type. For the AEOQ098, the CPS generated a set of 34 separate
coal supply curves for each year of the NEMS forecast penod t

Followmg initial base year ¢alibration, the regression equations must be converted into supply curves in which
price is represented asa functmn of producuon alone. . This is accomphshed by consolidating all of the non-
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producuon terms iri the regressmn equatlon intoa smgle mulupher (K,JJ‘) computed using the forecast year values
of the independent variables. The value of K, is computed by solving the regression equation for productlon
equal to zero and all other mdependent variables equal to their forecast year values. A separate value of K,‘u is
.computed for each region i, mine type j, ‘and coal type k. “The required forecast year values of the various -
independent variables are defined exogenously, with the exception-of diesel fuel prices (which are obtained from
the Petroleum Market Module), and lagged price and production (which are obtained from the CDS final solution
for the year prior to the forecast year). It should be noted that the subroutine also contains code, currently ,
“commented out,” which allows the user to compute the wage values based on inputs from the macroeconomic
. model; however, currently future wagw are computed based on input data from the CLUSER file.

In the CPS, labor producuwtyzs used as a way of wptunng the effects of technological 1mprovements on mining
costs, in lieu of representing explicitly the cost impact of each potenual, incremental technology improvement.

In general, technological mpmvements affect labor productivity as follows: (1) 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 incteased labor productivity. As determined by the margmal cost regression model
\ developedfm'the CPS, increases in Iabor productivity translate into lower mining costs on a per-ton basis. Using
- this approach, €xogenous estimates of labor productmty are provided to the CPS for each year of the forecast
_period. Separate esumates are  developed as inputs to the submodule for each reglon and mining method.
The coal-pncmg regressmn model usedby the CPS to produce coal supply curves has the followmg speciﬁc form
MMP,m— {EXP[(B +B)* (l-ﬁm)]} * [(Q.w)“’z“"j.s’] * [('I'P}Im)"fs*":s*’m*"m’] x '
(WAGEu)"s] * [(PCAP;)%] * {(PFUEL:)"w] * [(MMPM DPul *-
. [(Q;.j& D Pn* @2+Bp))] * [(TPH,J‘ )(B" * (54+535+B&6+ﬁm))] *
[(WAGE; .1)u * ~"8’] ‘* [(PCAPz.;)""n * )% [(PFUEL..;)“’u * b

where,

MMPi,j,k,'t .- average annual mmemouth pnce of coal in supply reglon 1, mine type ], and coal

K typek . )

B . - . - overall constant term for the model

Qij.k.t - annual coal production in supply region i, mine type j, and coal type k

TPH;;, - coal mine labor productwlty (tons per mmer hour) by supply region i, and mine
type j '

WAGE;, = - averageannual wage for coal miners in supply region i

PCAP, - - index for the annual user cost of cap1ta1

' PFUEL, - average annual diesel fuel pnce
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Bis . - coefficients for i mtercept dummy vanables for each supply reglon i

B, - coefficient for the production term

Bis. - - coefficients for the production term by mine type j i

By - coefficient for the labor productivity term

Bs - coefficients for the labor productivity term by supply region i

Bis- - coefficients for the labor productivity term by mine typej

By, . - coefficients for the labor productmty term by supply regxon i and mine type j
) Bs -+ coefficient for the labor cost term . -
v By - coefficient for the user cost of capital term ’

Bio - cocfficient for the diesel fuel term N

- coefficient for the first-order autocorrelation term - .

Reglession results for the ma‘rginal cost models are j)rovided in ‘Appendix E.

- Step 3: Construct Step-Funchon 8upply Curves for lnput to the CDS

The CDS is formulated as a linear program (LP) and cannot directly use the supply curves generated by CPS
regression model, whose functional form is logarithmic. Rather, the CDS requires step-funcnon 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. 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. The user can vary the length of the steps, and, subsequently, the verncal distances between the steps; -
by making adjustments to the percerit vananons from the target pnce via mput parameters eontamed in the

CLUSER input file. ‘

The method by which these step-ﬁmcnon curves are constructed is as follows First, the CPS computes 8 prices
correspondmg to fixed percentages of a target price obtained from the CDS. ‘ The model then computes the
production corresponding to each of the 8 prices, using the supply curve equations. Finally, prices for each step
are adjusted to the year dollars requlred by the CDS using an exogenously supplied GDP price deflator. The
resulting production and price values are used by the CDS to determine the least cost supphes of coal for meenng
the projected levels of annual coal demand. .

The CPS equation used for generanng the step-function supply curves is as follows:
Quires = [Pugras - Cuye Koy d U020 [P,y - Cigp Koy IO B30
Py,  -price assoclated with step z for region i, mine type j, coal type k, and yeart
Qi;x. - production associated with step z for region i, mine type j, coal type k, and yeart
B, - overall coefficient for the production term :

B3 - coefficients for the production term by mine type j

- G - calibration constant for each supply curve
Kijxe - mulupher for the non-producuon terms in the regreSSlon equatton

Energy Information Administration/ Mode! Documentation: Coal Market Module ) 19
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Appendix A

Inventory of Input Data, Parameter Estlmates,
and Model Outputs

. . Model Inputs

Model mputs are classified into two categories: user-specxﬁed mputs and inputs provided by other NEWS' o
components. - .

QLU_SEE User-speclﬁed mputs are listed in Table A-1. The table identifies each input, the vanable name, the -

units for the input, and the level of detail at which the input must be specified. Future levels of labor productivity

are estimated by the EIA. For AEO98, labor preductivity estimates were derived by assuming that, i inthe first year -

of the forecast period, productivity increases at a rate equal to the average annual productivity increase over thé

recent past and that the initial rate of increase diminishes gradually over the remainder of the forecast penod. The
.average heat and sulfur content values are estimated from data obtained from the FERC-423 database for coal

consumed at electric utilities, and from the EIA-3A and EIA-5A databases for coal consumed at industrial
' facﬂmes and coke plants, respectively. *

The values for the input variables listed in Tabie A-1 are contained in the file CLUSER-a single "flat" file. This
file contains three main groups of data: 1) forecast-year estimates for labor costs, coal-mine productivity, and
capital eqmpment costs; 2) base-year quantities for production, prices, and coal quality (heat content, sulfur
~ content, and carbon d10x1de emission factors) by supply curve; and 3) coefficients for the CPS coal-pncmg

equation.
The indices used in the tables are defined as follows:

i = supply region

j = mine type (surface or nnderground)

k = coal type ‘ . -

t =- year . . . . .
by = baseyear - ot '

individual step on the step-functlon supply curves generated by the CPS for .
mput to the Coal Dlstnbuuon Submodule

- N

Inputs Provided by Other NEMS Companents Table A-2 identifies i mputs obtained from other’ NEMS
components and indicates the variable name; the units for the input, and the levél of detail at which the i input must,

- be specified. Diesel fuel prices are obtained from the Petroleum Market Module and production and pnces by _ .

CPS supply curve are obtained from the Coal Dlstnbuuon Submodule

-
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_Table A-1. User-Specified Inputs Requlrgd by the cPS

)

Variable Used

' CP§Varisble | Description Specification | Units -~ . | Source(s)
Name . . Level - ) : | inthisReport |~ '
WAGE - " Real labor cost escalator " Nationallyear = - _HA

: o ‘ T ' , * projection
L_PROD Base yearpmducﬁvity. " Supply region/ . Tonghminer ~ LPyy, . EIAA

: . . minetype hour o o

FR_PROD Fomstyearpxoducnﬁty Supply region/.- = LPm "EIA
| (as afracuon of L. PROD) mine type/year ‘ o projection

AD]_FORE . - Price adjustment ymable Supplyiegionl * Dollarsiton - EIA
' - (currently set to 2e10) mine-typelyear‘ ’ estimate
SBAS_REGION = Alphabetic supply region Supplyregion - - Model

.. code , A definition
NBAS . Number of production ° - Supply region - - - File ’
- records o B definition
‘CPROD_TYPE - Alphabetic coal typecode  Supplyregion/ - Model
: R coaltype - ° . definition
B_PROD Base year production ‘Supply regio/  MMTons Piy EIA-7A
5 (surface and deep) . mine t_ypelcpal ’
BTU Average heat content Supply region/ " MMBtw/ton - FERC-423 -
(surface and deep) ' mme typelcoal . r .
" SULFUR Average sulfur content Supply regxonl , Lbs/MMBt - - FERC-423
. (surface and deep) ' mmetypelcoal' :
CAR Average carbon dioxide. Supply region/ LbsMMBu - — , EHA
: enussmnfactor(surfaceand_. ~coal type ' L ‘estimate
deep) e . |
PRI  Base-Year (1996) coal price  Supplyregion/ 1987 -~ EIA-TA.
: (surface and deep) ©+ 7 ‘coaltype "~ Dollars/Ton .
CAPB Average mine capacxty Y "upply region . Fraction - " EIA-TA
nuhzatlon (surface and deep) N : : : . g
.OCONT . Ovefall constantforCPS - National ~ = B " Regession
. regression model .analysis
Q- Pricing model coefficiéent . National =, B, - Regression
- (production term) . o . " analysis -
LWAGE Pncmgmoddcoefﬁc:ent' National - Bs Regression
(aborcostterm) - _ analysis
LPCAP Pricing model coefficient = National, - B, Regression
(cost of capital term) ' ' . analysis
2 ~  Ehergy Information Administration Model Documentstion: Coal Market Module



Table A-1. User-Specified Inputs Requlréd by the CPS (Continued)

Variable Used

—

' CPS Varigble | Description -| Specification | Units Source(s)
Name . Level in this Report
LPFUEL - Pricing model coefficient * National - By Regression
’ (diesel fuel term) analysis
TPH Pricing model coefficient National - Bs Regression
(overall productivity term) . . analysis -
TPH_DEEP Pricing model coefficient ~ Minétype, . - Bie Regression
' (mine type productivity) . ) . analysis
RHO Pricing model coefficient - National - By Regression -
- (first-order autocorrelation ’ 4 : .analysis
term) .
PDUMM . Pricing model adjustment National - - Regrésion
.  factor applied to overall. 2 ’ analysis
- constant term . _
B_WAGE Base-Year Annual Wage Supplyregion - - "WAGE Bureau of
. ' = Labor
Statistics
SDS Pricing mode} coefficients-  Supplyregion - -- By Regression
(intercept dummy variables, . , . analysis
surface mines) .
SDD Pricing model coefficients  Supplyregion = <~ By Regression
(intercept dummy variables, - . analysis
underground mines) T
SPROD Pricing model coefficients Supply region = Bis Regression
. (regional productivity terms). ’ analysis
* DPROD Pricing model coefficients ~ Supply region/ = - B liegression .
’ (regional and mine type mine type : analysis
productivity terms) -
PK Annual user cost of capital ~ National/year © Index " PCAP -Bureau of
. ' p Labor
. ‘ Statistics
PCNT_REC ~ Number of marginal National - - File
_costcurves _ definition
m_ Numerical supply Suppiy region = - - Model
REGION region identifier definition -~
PCNT_CTYPE Numerical coal Coal type - - Model
E type identifier . definition
'PCNT_PRICE Initial target price Supply region/ . 1987 - EIA-7TA
used to build step- mine type/’ Doilars/ton
function curves with " coal type | ‘
8 steps .
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Table A-1. User-Speclﬂed lnputs Requlred by the CPS (Conﬂnued)

~

CPS Variahle Doscripﬁon Spedﬁcation Units Viﬁai)le Used | Source(s)
. _Name . Level - : in this Report ‘
'PCNT_PROD  Baseyearproduction . Supplyregion/ - MMTons -~ " EHAJA
: , " mine type/ ‘
: , , coal type -
'MCNT_REC Number ofmargmal * National - - - File '
_ cost curves ‘ o . definition
MCNT_ . Numerical supply Supply region. - - “Model .
- REGION region identifier - . . - definition ..
* MCNT_CTYPE - Numerical coal Coal type ' - - ' Model °
. © . _typeidentifier ‘ R definition -
. MCNT_PRICE - Initial targetprice ~ - Supply regio/ 1987 N EIATA
- usedtobuild mine type/ Dollars/ton . - . ‘
step-function curves " coal type . .
with 8 steps : '
_MCNT_PROD  Baseyearproduction. Supplyregion/ ~MMTons - - . EIATA
. - mine type/:
, .. coaltype , -.
MCNT_STEP  Variations from the target ~ National .  Fraction -~ "EIA
price used to build ) I estimate
step-function curves '
-with 8 steps
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Table A-2. CPS Ihputs P.rdvlded by Other NEMS Modules and Subrhodules

CP'S Variable Name Descripﬁon . Specification Units ‘| Variable Used | NEMS .
o .| Level : in this Report | Module/
- - " Submodule’
PDSIN ' Average price.of N;ational/ycar' 1987 Dollars/ - PMM
- distillate fuel to ’ million Btu - .
_industrial . ¢ o
consumers . \ )
O_MCNT_PRICE,, - Minemouth price  .Supplyregio/.  Dollars/ MMP,, ., cDS -,
- . in yeart-1 mine type/ ton ' ‘ '
- / ’ _-. coal type/year . )
O_MCNT_PROD,,  Coal productionin . Supplyregion/ - Million tons Qijxet . CDS
yeart-1- mine type/ )
) coal type/year .
MCNT_PRICE . Target prices for Supply region/ Dollars/ | JH CDs
- yearst>1,usedto  mine type/ , ton :
build step-function --coal type/year )
curves with 8 steps
Model Outputs

The primary output from the mode] are step-funcuon supply curves prov1ded to the CDS. The general form of equatlons .
representing the coal supply curves is as follows:

, Pljk=cijk+ [I(ljk Q

where

23]

Py, price in region i, mine type j, and coal typek’

Qy production in'region i, mine type jyand coal type k

C,x calibration constant
K, multiplier for the non-production terms i in the regression equauon

B, overall coefficient for the production term

B, coefficients for the prodt;ctnon term by mine type j

M -

In addmon to the price and quantity values associated w1th the steps on each of the supply curves, the CPS prov1des the
CDS with coal quality data that mclude &sumates for heat and sulfur content, and for carbon dioxide emission factors

('I’able A-3)
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Table A-3. CPS'M’odel Outputs-

CPS Variable Name Deisc_ripﬁoh R Units © . - .° | VarisbleUsedin
. T ) . | S this Report .
. MCNT_P - ‘Mmemmnhcoalmceassocxated 1987 dollarsfton = . - ’» | T :
- with each CPS-supply cutve step . B '
_ © provided to the ms. . . 4 ’
MCNT.Q - Lengthofeach CPS supplycurve  Million tons Qi
' o step provided to the CDS _ S .
MCNT.BTU. Average Btu content for each "MMBtu per ton C -
' . CPS-supply curve step provxded : y
. witecds .- = R
MCNT_SULFUR - - Average sulfur contentforeach - Ib/MMBtu B -
CPS supply curve step pmwded . . ) .
- totheCDS . ) L.
MCNT_CAR * Averdge carbon dioxide emission - Ibsi/MMBtu ° -
. : " factor for each CPS supply curve :

. step provided to the CDS
Model Endogenous Variables .

Variables endogcnous to the model are mcluded in Table A-4. Table A-4 mcludes the variable name used-in the report, the
compondmg variable pame uscd in the CPS-model, a descnpuon of the vanable, and the variable's units.

Y
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Table A-4. CPS Endogenous Varlables

CPS Variable Name : | Description = - Units | Variable Used in
’ ’ - this Report
CL_PROD | Labor productivity forNEMS “Tons/miner hour - -
forewst yws .
F_INDEX _ Base year price of No. 2diesel 1987 cents/- -
. \ fuel to all users gallon :
DF Scalar used to calculate forecast ~ — -
A ' year values of dlwel fucl pnccs _ .
D_TERM "Diesel fuel prices for NEMS - . 1992 dollars/ -
.. forecastyears . ~ gallon
-R_WAGE '. Arinual miner wage for NEMS 1992 dollars/ -
, " forecast years ] year -
YINT CPS calibration conistant -~~~ Cis
FP , ~ Multiplier for non-production - Kijxe
terms in the CPS coal pricing .
equation : ( R .
SC_PRICE " Pricesfor each of the 1992 dollars/ton
’ . steps on the 8-step T -
_ supply curves input to the CDS
SC_QUAN Quantities for each of Million tons Qe -
the steps on the ‘ ‘
8-step supply-curves input to the -
cbs - - .

-
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~. Appendix B ‘
" Detailed Mathematical Description of the Model
This appendix provxdes a detaﬂed descnpuon of the model, including a spec1ﬁcatlon of the model's equauons and
" procedures for constructing the supply curves. The appendix describes the model's order of computations and main

relationships. The model is described in the order in wluch distinct processing steps are executed in the program. These
steps are as follows

‘e Step 1: Calibrate the regression model to base-year production and price levels by region, milie_ type, and coal

® Step 2: Convert tl3e regression equaﬁon into supply curves
e Step3: Construct step-function supply curves for iilput to the CDS '

. ® Step4: Adjust the sﬁpply curves to year dollars required by the CDS

Figure B-1is a flow chart of the model. - ™

S
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Figure B1. CPS Flowchart

\
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VarlabIeDeﬂmtlons oo S e

The vanables used in the model are deﬁned as follows

Indices

7/

Step 1:

N‘C""‘W""""'

-

supply region
mining method (surface or underground)
coaltype - .
year
base year ' ‘. .
individual step on  the step-ﬁmcuon supply curves generated by the CPS for -

‘ 'mput to .the Coal D1stnbuuon Submodule : '

mowononoun

\

Initial Calibration

Prior to the processmg ofi mputs the model calibrates the regressxon equanon to current price levels. Fitst, the equauon '
for the CPS pricing model is used to calculate the minemouth pnce of coal for the base year as shown in equauon 2.

I

3 MP:.;,M,y {EXP[(B +B* (1~I3w)]}* ['I'PH.,M.lm”'“*m”] * [(Q,,M)"’z*’.us’l * . @
[(TPH.J )@4"5.,5*%*%7’] * [(WAGE,.,,)"sl * [(PCAP,)P] * [(PFUEL,)"m] * ‘
[(Wpia.hby)p"] * [(Qum)@“ * G+ 0] % [(Tpﬂw)wu * By tB5 4By By ) *

[(WAGE, by)(-ﬁ,, * By * [(pCApl)(-ﬁu * 59)] * [(pFUEL‘)(-ﬁu * Bm)

where,
Variabl | \
MDp;; 1y - average annual minemouth price of coal for supply region i, mine type j, and -
) - coal type k, computed from the regmssxon equauon usmg base year values
~ - of the independent variablés - )
B - - overall constant term for the model *~ | :
" . TPHBM = -benchmark factor used for cahbraung the coal pncmg equation to the actnal
’ ' value of the minemouth coal price in year one of the forecast period
; -annualcoalproducuonmsupplyreglonl,mmetype], andeoa.ltypek
- TPH 4, - coal mine labor productivity by supply region i, and mine type j
'WAGE,,, _ . -average annual wage for coal miners in ‘supply reglon i
PCAP, - index for the annual user cost of capital: .
PFUEL, - -average annual diesel fuel price
IN/IIVII”}‘,_,".,y - average minemouth price of coal for supply regmn i, mine type s
- and coal typek - .
R ion. Coeffici
Bia - coefficients for intercept dummy variables for each supply region i
B, - coefﬁcxent for the production terin i
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-~

Bis - -:cqefﬁpients for the produdtiqn term by miﬁe typej .
- coefficient for the Jabor productivity term

4 . c . .
Bs - coefficients for the labor productivity term by supply regioni -
* B, -coefficients for the labor productivity term by mine type i
Biso - coefficients for the labor productivity term by supply region i and minefypej
_ -ooefﬁcientforthelaborcostterm,' R e
B - coefficient for the user cost of capital term
Bio - coefficient for the diesel fuel term. S
By . - coefficient for the first-order autoCO;:elaﬁon term

For calibration purposes, base year values of producﬁon_,‘.prbduct'ivit&,. labor costs, the price of diesel fuel, capital costs, )

and the average minemouth price are provided as.inputs to the equation. Using these base year values, the regression

equation is-solved for each CPS supply region, mining method, and coal type. Note that for calibration purposes the

- simplifying assumption is made that the lagged values of the independent variables (used in those terms of the equation

_ peeded to correct for antocorrelation) are the same as the base year values.. This assumption obviates the need to provide
the model with two years of base data, and is believed to yield 2 qeasonable' approximation of the “true” calibration .
constant. - . ~ L - :
As shown in eguation 3, the calibration constants _are’determined as the difference between the minemouth price of
coal(MPijkit) calculated with the CPS pricing equation and the corresponding base year price (also provided as an

- input). S e : o : 5 o '

. Cige = BYPyjery - MPyjsss). - - @

where o ) |

Cisx constant added to the regrgs‘éioﬂ eguaﬁon for each supply region i; mine type j, and
coal type k to calibrate the model to current price levels - '

" BYP - actnal girera_ge base year priﬁ:ejor region i, mine type j,'and coaltype k

Mpx - pﬁcé-céﬁaputé& from regression equation using base year \'lalues of the iﬂdependent‘
‘ variables, for region i, mine type j, and coal type k o :

. The calibration constants thus calculated are used to make vertical adjustments to each CPS supply curve. Thus, a
" when using the base year values of the independent variables, the model solution will equal the base year price as
specified in-the CLUSER file. : S t S ‘ -

Step 2: Convert the Regression Equation into Supply Curves
Following initial base year c‘alibrﬁﬁon, the regr'o%s_sion equal.i‘ons n_iust'be. converted into sui)p y curves in which price E
is represented as 2 function of production alone. This is accomplished by consolidating all of the non-production
terms in the regression equation into a single multiplier (K50, computed using the forecast year values of the )
independent variables as shown in equation4. * - R ‘ .

<

P
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T Kguem {EXPIB + B, * (1B} * [TPH,. T A @
1[('I'ng¢w°w&a%ﬂ* [(WAGEi“)BB]*[(pCAP‘)Bg . o S

| [(PFUEL ] * [(MMP,,,, )] * [(Qa.m.n)“u * Oyt N

~ [(T?HiJ.t-l)(:bll * Bg+Bys+ By ] * [(WAGE, ) Pn * @].*

e AP"‘)(% * B]* [(PFUEL, )1 * By .

Mlem’ . N ] - ‘ .
Variables \
Kijse, ' _ - annual niulﬁpiier, speclﬁ‘ ified by supply region i, mine type j, and coal type k, '
‘ ) calculated by solving the CPS coal pricing equation for production for year t equal to
zero and all other mdependent vanables set equal to’ their forecast-year values (for
both years t and t-1)
B - overall constant term for the model

TPHBM - benchmark factor used for calibrating the equation to the actual value of the
minemouth coal price in year one of the forecast period'® ,

TPH;;, ‘ - coal mine labor productivity in supply region i, mine type j, and year t
WAGE,, - average annual wage for coal miners in supply region i and yeart = -
PCAP, - - index for the annual user cost of capital in year t p
PFUEL, < dverage annual diesel fuel price in yeart -

MMP;;y,, .- -average minemouth pnce 'of coal for supply region 1, mine type ], coal type k, and
' yeart-1 .

Qijxet . < annual coal production in supply region i, mine type j, coal type k, and year t-l

TPH; .4 - coal mine labor productivity in supply region i, mine type J, and year t-1

WAGE;,; . - average annual wage for coal miners in supply region i and year t-1

PCAP,, - index for the annual user cost of capital in year t-1

PFUEL, , - average annual diesel fuel price in year t-1

" B - coefficients for i mtercept dummy variables for each supply regmn i-
B, - coefficient for the production term - :
Bys - coefficients for the production term by mine type j
"B - coefficient for the labor productivity term . .
Bis - coefficients for the labor productivity term by supply neglon i .
Bis - coefficients for the labor productivity term by mine type j :
Biga - coeéfiicients for the labor productivity term by supply region i and thine type j
Bs - coefficient for the labor costterm |
B, - coefficient for the user cost of capital term
Bio - coefficient for the diesel fuel term
Bis - coefiicient for the first-order autocorrelation term

"8This benchmark factor was required because of an adjustment made to the point estimate for the overall productivity coefficient in
the AEO98 forecasts. The point estimate for the productivity coefficient was reduced by two standard deviations, reflecting the view -
that coal mine operators will not continue to pass along cost savings obtamed from producnvxty improvements to the extent that they
have dufing the preceding 20-ycar period., . - .

L4
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. Aseparate value OfK,“lS computed foreachregron i, mine type j, coal type k, and yeart. The reqmred forecast year
values of the various independent variables are defined exogenously, with the exception of diesel fuel prices (which are
" obtained from the Petroleum Market Module), and lagged price and producuon (whrch are obtained from the CDS final

.solunon for the year pnor to the forecast year) .

Incorporatmg the calibrauon constant and the production term, the CPS supply curves take on the followmg form :
RMP;J;, = CiJf" [Ki.j.k.t' QiJ&t@2+§j3)] ‘ ‘ - . ., e . . - N . . | (5)
where' o ' | '

RMP,',',:.t - mifemouth pnce of coal by supply region i, mine type j, and coal type k, computed asa

: . function of output (Q,_m)

Cyx . -constant added to the regression equauon for each supply reglon 1, mine type j j, and
coal type k to calibrate the model to‘current price levels |

. Qi_mp - annual coal production in supply region i, mine type j, coal type k, and year t
K - annual multiplier, specified by supply region i, mine type j, and coal type k, calculated
' by solving the CPS coal pricing equation for production for year t equal to zeroand all | '

other independent.variables set equal to their forecast-year values (for both years t and t-1)

T

| .Step 3: Construct Step-Functlon Supply Curves for lnput to the CDS

'Ihe CDS is formulated as a linear program (LP) and cannot dn'ectly use the supply curves generated by CPS regression
model, whose functional form is logarithmic. Rather, the CDS requires step-funcuon 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. 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 grven the projected level of demand. The user can vary the length of
the steps, and, subsequenﬂy, the vertical distances between the steps, by. making adjustments to the percent variations
" from the target price via mput pa.rameters contained in the CLUSER mput file. ;

The method by which these step-function curves are constructed is as follows First, the CPS computes 8 prices
correspondmg to.fixed percentages of a target price obtained from the CDS. The model then computes the producuon .
correspondmg to each of the 81 pnces, usmg the supply curve equanons
Equanon 6 shows the CPS equanon used for generanng the step-funcnon supply curves.’
Q..;.u. [(Pij.k.z.t - Cu.k)a(u.u]w2+p53) ) [(Pu,u 10" Cu.k),K‘.j.kazwﬂ) ) / o ©
. where . ‘ " e : . e '
. - price associated withstepzforregioni,nﬁnetypej,coaltypek,andyea'rtspeeiﬁedas a ..
' percent variation from the target price. The target price is obtained from the CLUSER file
" for year one of the forecast penod and from the CDS for all remaxmng years of the forecast

. period.
Qx. - production assoclated with step z for region i, mme type i coal type k, and year t
8, --overall coefficient for the production term .
Bis - coefficients for the producuon term by mine typej - .

Gy . - calibration constant for each supply curve 4
Ki;x: - multiplier for the non-producnon terms in the regression equanon
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Step 4: Adjusi the supply curves to-year dollars required by the ‘C_DS

In Siep 4, the supply curves are converted into the year (iOlhtS required by the CDS as follows: -

' MCNT_Py;, =P, *DEF : ' )
‘'where
© Pypae - unadjusted price associated with each CPS supply curve step geﬁerated_fqr input

to the CDS ‘ j

MCN_T,k -~adju§ted price associated-with each CPS supply curve step generatéd for input
’ to the CDS ' : o L

DEF - GDP deflatorfinflator (exogenous input)

The resulting production and price values are used by the CDS to determine the least cost supplies of coal for meeting
the projected levels of annual coal demand. The specific outputs provided by the model are described in Appendix A.

'
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. Energy Informanon Administration, Annual Energy Review 1995, DOE/EIA-O384(95) (Washmgton DC, July 1996)
Energy Information Administration, Coal Data. A Reference, DOFJEIA—0064(90) (Washmgton, DC, November 1991)

- Energy Information Admlmstranon, Coal IndustryAnnual 1996 DOE/EIA-0584(96) (Washington, DC, November
1997) and pnor issues. ’

Energy Informauon Admlmsu'auon, Cost and Quality of Fuels Jor Electric’ Utzlzty Plants 1996 web site
www.eia.doe. govleneaf/elecmcrty/cq/cq%pdf (Washmgton, DC, May 1997) . '

. Energy Informauon Administration, Documentatwn of the Resource Allocation and Mme Costing (RAMC) Model
DOE/EIA-M021(92) (Washington, DC, January 1992). . : '

. 'Energy Information Administration, The U.S. .Coal Industry, 1970-1990 1970-1990: Two Decades of Change,
DOE/EIA-0559 (W ashmgton, DC, November 1992). .

ICF, Inc., Documentatzon 1.0f 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 (Washmgton, DC, September 1989).

ICF, Inc., The National Coal Model: Description and Docwnentauon, prepared for the Federal Energy Admlmstranon g
(Washington, DC, October 1976). ‘ \

| ."-Lev, Benjamin, ed., Energy Models and Studies (Amsterdam: North Holland Publishing Company, 1983), The Evolution
of Coal Market Models and Coal Policy Analysis, by Richard L Gordon, p. 73

Lin, King, Data Resources Intemanonal, Inc., Personal Conversatlon, March 18 1992,

Maddala, G.S., Introduction to Econometncs Second Edition (New Yoik, MaeMlllan Pubhshmg Company, 1992),
355-403.

Merritt, Paul C. "'Longwalls Having Their Ups and Downs," Coal,' MacLean Hunter (February 1992), pp. 26-27

Resource Dynamics Corporauon, A Review of Coal Supply Models, prepared for the U S. Depa.rtment of Energy,
Assistant Seenetary of Fossil Energy (Washmgton, DC, October 1982) :

Rosenberg, L. I. et. al., Manpower for the Coal’ Muurzg Industry An Assessment of Adequacy through 2000 prepared
for the U.S. Department of Energy (Washmgton, DC, March 1979) . , ,

Science Applications International Corporation, "Development of RAMC Longwall Model Mines: Final Summaxy
Report" (unpubhshed report prepared for the Energy Informanon Administration, March 1991)

Science Apphcanons International Coxpoxauon, “An-Econometric Model of Coal Supply Final Report,” (unpublished ‘
report prepared for the Energy Information Adxmmstxauon, December 20 1996) ) :
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_Suboleskl S.C, et. al., Central Appalachxa Coal Mine Productzvzty and Expanswn (EPRI Report Series on Low-
“Sulfur Coal Supphes) (Pa.lo Alto, CA: Electric Power Research Institute (Pubhcatlon Number IE-71 17), September

1991).

o Suboleski, Stanley C., Report Findings. and Recommendatwns, Coal Production Submodule Review of Component
Deszgn Report, prepa:ed for the Energy Informatlon Administration- (Washmgton, DC, August 1992)
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Appendlx D
Model Abstract

Model Name: Coal Production Submodule

- Model Acronym: CPS . . o

Descnpuon' Produces supply-pnce relationships for 12 coal types and 11 producmg regions, addressing the relationship
between the minemouth price of coal and corresponding levels of coal production, labor productivity, and the cost of
. factor inputs (mine labor, mining equipment, and ﬁ.lel) The model serves asa 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 mxd-term .
(to 2020) for the Coal Distribution Submodule of the Coal Market Module of the NEMS

. Model Update Informatmn. November 1997
Part of Another Model?: Yes, part of the:

®. Coal Market Module
® National Energy Modeling System

Model Interface: The model interfaces with the following models:

® Coal Distribution S_ubmodule
' @ Petroleum Market Module

Official Model Representative: |
om'ge.-‘ Integrated Anzlysis and Foreoasb':ng
Division: Energy Supply and Conversion S T

. Branch: Coal, Uranium and Renewable Fuels Analyms -
Model Contact Mlchael Melhsh .
Telephone: (202) 5862136

'Docnmentziﬁon |

Y Energy Informanon Admlmstranon, Coal Productzon Submodule Component Deszgn Report (draft), May 1992,
revised January 1993.

® Energy Information Administration, Model Documentation, Coal Market Madule of the National Energy
Modeling System, Part 1 DOE/EIA-M060(94) (Washmgton, DC, March 1994). ' ‘

-

_ Energy Information Adminlstration/ Model Documentation: Coal Market Module T 3



e ‘Energy Information Admunstrauon, Model Documentation, Coal Market Module of the Natzonal Energy
Modelmg System, Part I DOFJEIA-M060(95) (W, ashmgton, DC, March 1995). - ' )

® Energy Information Admlmstratlon, Model Documentation, Coal- Market Module of the Natzonal Energy
Modelmg Syszem, Part1 DOE/EIA-MO60(96) (Washmgton, DC, April 1996)

® Bnergy Informatton Admlmstmtlon, Model Documentanan, Coal Market Module of the National Energy' ‘
Modelmg System, Part1 DOFJEIA-M060(97) (Washmgton, DC, February 1997).

Archive Media and Installation Manual: NEMSO8 - Annital Energy Outlook 1998 ¢ <
‘Energy Systein Described by the Model: Poténtial coal_suppiy at various£o.b. mine'costs. °
Covel‘age: | . | ‘ | N . |
L Geographrc. Supply curves for 11 geographlc reglons ‘
e Time Unit/Frequency' 1990 ﬂlrough 2020 - | - o L
® Product(s) 12coaltypes ’, . | o

® Economlc Sector(s) Coal producers and 1mporters

'.ModelmgFeatum - o ‘

® Model Structnre The CPS employs aégresmon model to estimate pnee-suoply relationships for undergroun& '
and surface coal mines by region and coal type usmg pro;ected levels of producuon, producthty, miner wages,
capltal costs, and fuel prices.

.o Modelmg Techmque. Three: mam steps are mvolved in the constmcuon of coal supply curves:

- Cahbrate the regression model to base-year producuon and pnce levels by reglon, mine type
(underground and surface), and coal type \ -
- Convert the regression’ equanon mto supply curves _ .
- Construct step-funcuon supply curves for mpnt to the CDS

® Model Interfacas‘ Coal D1stnbunon Submodule and the Petroleum Market Module '

o - Input Data: Base yearvalues forU. S ooa.l producuon, productivity, and prices. Base year dlesel fuel price and
*  wages. Heat and sulfur content averages, and carbon emission factors by supply curve. Pro_]ecuons of labor
productivity, wages, and the user cost of capital. . _

® ' Data Sources: DOEdatasomoes Energylnfomanon Adnnmstranon EIA-3A, E[A-SA, EIA-6, and EIA-7A )

~ "databases.. Energy Information Administration, Petroleum Marketing Annual 1996, (DOE/EIA-0487(96) .

(Washington, DC, October 1997), Table 2. Non-DOE data sources: Federal Energy Regulatory Commission,

FERC-423 database. U.S. Department of Labor, Burean of Labor Statistics, ES-202 Program, “Covered

. Employment and Wages,” Coal Industry Wages; and PPI for Mining Machinery and Equxpment, Series ID:
PCU3532# Data Resources Intemauonal, Inc, Yleld on Utl.hty Bonds B
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 Computing Environment;

| L Hardware Used: IBM/RS6000
o Operatmg System. AIX(UNIX)
o . Language Used: FORTRAN =
" Independent Expnrt Reviews Conducted:

® Suboleski, Stanley C., Report Findings and Recommendatzons, Coal Production Submodule Review of
Component Design Report, prepared for the Energy Informat:on Admmxstranon (Washmgton, DC August
1992)

@ Kolstad Ch'arles D., Report of Findmgs and Iéecomnz'en:datzbns on EIA's C‘omponent Design Report Coal .
Productzan Submodule prepared for the Energy Informauon Administration (Washmgton, DC, July 23, 1992).

. Status of Evaluation Efforts Conducted by Model Sponsor' The Coal Producuon Submodule (CPS) was developed
for the National Energy Modehng System (NEMS) during the 1992-1993 period and revised in subsequent years. The
version described in this abstract was used in support of the Annual Energy Outlook 1998. No prior evaluauon effort

has been made as of the date of this wnl:mg
Referenc&s

N Energy Information Admmrsmon, Coal Productwn Submodule Component. Deszgn Report (draft), May 1992,
revised January 1993. o

® Energy Informatlon Administration, Model Documentatwn, Coal Market Module of the National Energy
Modelmg System, Part1 DOFJEIA-M060(94) (Washington, DC, March 1994).

® Energy Information Administration, Model Dacumentatzon, Coal Market Module of the National Energy’
Modelmg System, Part I DOFJEIA-M060(95) (Washington, DC, March 1995).

® Energy Information Adm1mstratlon Model Dacwnentanon, Coal Market Module of the National Energy
' Modeling System, Part I DOEJEIA-M060(96) (Washmgton, DC, April 1996). .

g ~ Energy Information Adrmmsuauon, Model Dacumentatwn, Coal Market Module of the Natzonal Energy
Modeling System, Part I DOFJEIA-M060(97) (Washington, DC February 1997). - :
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' Appendix E | _
 Data Quality and Estimation:
Data Series Used in ihé Develdpmerit of the CPS Regression Mddel o

As discussed previously in Part I of the CMM Model Documentation, the two-stage least squares regression technique

was used to estimate the relationship between the minemouth price of coal and the corresponding levels of production, .

labor productivity, and the costs of factor inputs (mining equipment, mine Iabor, and fuel). In the first stage of the
- estimation, the endogenous explanatory variables are regressed on the exogenous and predetermined variables. The,
- product of this estimation are predicted values of the endogenous explanatory variables that are uncorrelated with the
" emorterm. In turn, these values are employed in the second stage of the technique to estimate the relationship between-

the dependent endogenous variable and the independent variable(s). -

The CPS regression model was developed using a combination of cross-sectional and time series data. The model
. includes annual-level data for ten CPS supply regions and two mine types (surface and underground) for the years 1979 -
through 1994.” In all, the model includes 240 observations (15 observations per year (10 surface and 5 underground)
for each of the 16 years represented in the historical data series). The data were pooled into a single regression equation.
Dummy variables were used for the productivity and production variables to-allow slope coefficients to vary across
regions and mine types. : S - :
- The two-stage least squanes regression equation for the CPS was estimated using the AR1 (first-order serial correlation)
procedure in TSP 4.4 with the INST option. The form of the CPS regression equation and the associated regression

statistics are presented below and in Table E1, respectively: The sources for the various historical data series used in
- the regression model are shown in Tables E2 and E3. - '

MMP,, =B+ I, (B; * DUM_REG)+ (, * In Qu) + (B, * DUM _MT*1n G) +
(B, *InTPH) + 5 (B, *DUM_REG, *InTPH,)+
%; (B,s * DUM_MT, * In TPH,)) + ¥, (B;;, * DUM_REGMT,; * In TPH,)) +

(B;*m—wAGm+(a,*mmApg+(ﬁ,o*mpm AP

AR

MMPm 4- . average annual minemouth pricé of c;o_al for supply region i, mine type j, and yw t
B " overall consmnt term for the model ' ' .
‘ Q. ' annual coal product.ion fér supply region i, mmetype jr.and yeart
. 'TPH,‘,,, o avera;e coal mine labor prc;ductivity for supply region i, mine type j, and. e
yeart ’ ’ )

s

. "Dgué for coal mines in the AW (Alaslﬁa and Washihgton)supply region were not inclided in the regression model.
- Energy Information Administration/ Mods! Documaentation: Coal Markst Module 43



" WAGE; aw;'cr,age annual vs;agé for coal mmers for supply region i and year t
) PCAP, S inécxfo:ﬂle annual user cost ofmbital for'ywr.i
PFUEL, avaage ammal dmel fuel price for year t

‘ DUM_REG. dummy variable that equals 1if reglon =iand 0 otherw1se (mcludes all supply
.77 regions, except Central Appalachia) ~ -~ L

DUM MT - dnmmy vanable that equals 1 for underground mmw and O for surface mmw
DUM REGMT dummy vanable that equals 1if region = i and mine type equals undcrground, 0.
otherwmc (mclud&s all supply reglons, except Central Appa]achla)

B - C m’.

B coefﬁclents fori mtcrcept dummy vanables foreach supply regmm '
B, - coefficient for the production term. - .
Bis - coefficients for the production term by mine type J
[ - coefficient for the labor productivity term
. Bis _~ coefficients for the labor productivity term by supply regxon 1
Bis - coefficients for the labor productivity term by mine type j
B - ‘coefficients for the labor productivity term by supply. rcglon i and mine type j
B . - coefficient for the labor costterm _ .
“ By . - coefficient for the user cost of capital term
‘B - - coefficient for the diesel fuelterm - - .
Bu" ' - coefficient for the first-order autocorrelation term ’

1 ’ . v

\

i
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Table'E1. Regression Statistics forlthe Coal Pricing Model

\

Estimated

0.070

Variable * Standard t- Statistic
' Coefficient Error

Overall Constant _ 0211 1.864 0.113
DUM_REG, (Northern Appalachia (NA)) 0043 - 0075 - 0.578
DUM_REG, (Southern Appalachia (SA)) -0.002 0.102 - 0.023
DUM_REG, (East Interior (EI)) 0.038 0.098° -1 0390
DUM_REG, (West Interior (WD) 0145 . 0.155 0.933

| DUM_REG, (Gulf Lignite (GL)) "-0.926 0.293 3.160" -
DUM_REG, (Dakota Lignite (DL)) {0127 0.280 0453 .
DUM_REG," (Powder River Basin (PG)) 1.108 0.247 44947
DUM_REG, (Rocky Mountain (RM)) 0.041 0.126 0326
DUM_REG, (Arizona/New Mexico (ZN)) -0.746 0.320 2330"
‘InQ ' - 0.117 0.045 2.607°
DUM_MT (Underground) * In Q 0.069 0019 3.719°
InTPH S 0953 0.087 | 10033°
NA*In TPH -0.093 0.081 1.149
SA*In TPH | 0522 0.083 | 6.259°
EI*In TPH 0010 - 0.083 -1 0.119
WI*In TPH 0002 0.165 0.012
GL*In TPH 0445 0,159 | 2799
DL*In TPH 0.076 0.118 0.646
PG*In TPH - 0217 |oas - 1.903"

| RM*n TPH 0292 0.076 3826
ZN*in TPH _ , 0711 0.174 4075 .
DUM_MT (Underground) * In TPH 0.051, 0,019 0503 |
NA * DUM_MT (Underground) * In TPH 0.253 0.055 4.608"
SA * DUM_MT (Underground) * In TPH 0315 - 0079 4018
EI * DUM_MT (Underground) * 1t TPH 0.048 0.069 0.694

' -0.099 1424

RM * DUM_MT (Underground) * In TPH’

’

~—

Energy Information Administration/ Model Documentation: Coal Market Module




-

Table E1. Regression Statistics for the Coal Pricing Model (Contifiued) -

| variable | Estimated Standard - | - Statistic
. ' Coefficlent - | Error e
In WAGE . 0318 0.177° 1,802""
InPCAP. o 0.116 0032 . - 3667
in PFUEL 1 0.007- 0024 0308
Autocorrelation Parameter (Rho) _ 0.414 0.061 6816
| Adjusted R squared 0.9% '
‘Durbin-Watson Statistic . 2173 !
Number of Observations ; 225

{ the impact of the Clean Air Act on coal demand.

price,

The endogenous explanatory variables in the regression are Q, Wage, PCAP, and TPH.

Instruments excluded from the supply equation are the
production, lagged exports, lagged production, lagged
gas to the electric sector, the Btu content of coal, the co

.

index of electric utility generation, the in S
a time trend, the world oil price, the price of natural

st of coal transportation, and a dummy variable that proxies - |’

v

dex of industrial -

* Significant at one percent. - .
_ ™ Significant at five percent.
*" Significant at ten percent.

_ Energymfomaﬁon Administration/ Mode! Documentation: Coal Market Module



Table E2. Data Sources for Sub;ily-Slde Varlébles '

1

Variable Description Units - | Sources
MMP;;, Average annual minemouth price of | 1992 Dollars Energy Information Administration, Form EIA-
coal by CPS supply region and mine | per short ton 7A,“CoalProduwochport’
Qu: 1 Annual coal producnon by region Million short. | Energy Information Administration, Form EIA-
and mine type . tons +~ ] 7A, “Coal Production Report”
TPH,;, Average a.nmial labor . .. Short tons -Energy Information Administration, Form EIA-
: productivity by reglon and per miner - 7A, “Coal Production Report” =~ ©
mine type 1 hour
WAGE,, Average annual wages by CPS 1992 - .| U.S. Department of Labor, Burean.of Labor
. supply region Dollarsper | Statistics, ES-202 Program, “Covered )
’ { miner - Employment and Wages”
PCAP?® Annualized user cost of mining  Percent -+ PPI for Mining Machinery and Equipment:
eqmpmcnt (national level) U.S. Department of Labor, Bureau of Labor
. Statistics, Series ID: PCU3532#; and
Yield on Utility Bonds: Data Resources
{ International, Inc.. )
PFUEL, Average annual refiner price ' 1992 cents Energy Information Adminis&z;ﬁon,
of No. 2 diesel fuel to end per gallon Petroleum Marketing Annual 1996,
, users - (DOE/EIA-0487(96) (Washington, DC, - -
October 1997), Table 2.
*This varisble was calculated as follows:

PCAP=(r+8-(p-p.s ¥pu )P

' where ,

requa!slheynldmuﬁhtybondsmmsﬂnpmmgedmngemmemphanDPdeﬂmx 'Ihsvmablelsapmxyfcrﬂ:ermlmofmmw.
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Glstherateoqu:reamononmmmgeqmpmt. Aasumedtoeqnal lOperwut.
P is the producer price index for coal mining equipment deflated by the chain wexghmd GDP deflator (1992 dollars).




Table Es Data SOuroes for lnstruments Excluded from the Supply Equatlon -

/

Data item Description Units Sources
- . ‘ I {
Electric Utlity Geneation | Industrial production index: utilities | Index ‘ Economic Report of the President,
’ . . .. . 1(987=100.0) - | (Washingion, DC, February 1997),
, . - | TableB-49.
‘Industrial Production -,. | Industrial production index: Index | Economic Repost of the President,
- ’ | manufacturing sector - durable goods | (1987=100.0) (Washington, DC, Febmary 1997)
\ ’ o Table B-49.
World Oil Price Refiner acquisition costofcruds il: | 1992 Dollars per | Energy Information Administration,
. : imported . - .- | barrel Petroleum Marketing Annual 1996,
- (DOE/EIA-0487(96) (Washington, DC,
October 1997), Table 1.
Price of Natural Gas Annual avémge price of natural gas | '1992Dollarsper | Energy Information Administration, Annual
: . delivered to electric utilities thousand cubic Energy Review 1996, (DOE/EIA-0384(96)
T . feet (Washington, DC, July 1997), Table 6.59.
-| Heat content of' coal .Avcraée ~eumual heat oonient 6f coal | Million Btu'per _Federal Energy Regulatory Commission, ‘
for receipts at electric utility plants by short ton FERC Form 423, “Monthly Report of Cost:
CPS supply region ~ | Co and Quality of Fuels for Electric Plants”
Cost of coal Annual PPI for railroads, lme-haul Index U.S. Department of Labor, Bureau of Labor
transportation opcraung' ooal - + | (1984=100.0) Statistics, Series ID: PCU3532#;
S adjusted to 1992 .
- . . dollars - i
Exporis' Aﬁnu_afexponsof U.S.coal . Million tons Energy Information Administration, Annual
‘ ] - . EnergyRevzew 1996, (DOE/EIA-0384(96)
. | (Washington, DC, July 1997), Table7.1. ‘
~ | Other Production | Tod US. production minus ‘ Million tons Energy quormanon Adxmmstranon, Form
3 production for the current . . EIA-7A, “Coal Production Report”
& | observation S , '
Coal Inventories | Coal stocks at the end of the yearat | Milliontons Energy Information Administration, Annual
o . - | U.S. electric utilities . ’ Energy Review 1996, (DOE/EIA-0384(96)
‘} (Washington, DC, July 1997), Table 7.5.

{
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Appendlx F

CPS Program Avallablllty

~ The source coﬁ,e for the CPS program is available in tl_le progrém office.
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Part II-A—CoaI Dlstr|but|on Submodule
© . -~ Model Documentation
(Domestlc Coal Dlstrlbutlon)

1 Introductlon

'Statement of Purpose

This section presents the objecnves of the approach used in modelmg domesnc coal dlstn’bunon, and provrdes
- information on the mode] formulation and application. The report is intended as a‘reference document for model
analysts, users, and the public. The report conforms to the requirements specified mPubhc Law 93-275, Sectlon
57(B)(1) (as amended by Public Law 94-385, Section 57.b.2. - .

?

Model Summary

The domesuc component.of the CDS forecasts coal msm’bunon from 11 Umted States coal supply regions to 13
" domestic demand regions. The model consists of a linear program with constraints representing environmental,
technical and service/reliability constraisits on delivered coal price minimization by consumers. Coal supply
curves are input from the CPS, while coal demands are received from the Residential, Commercial, Industrial and
Electric Power components of NEMS, with export demands being provzded by the mternattonal component of
the CDS. .

(

Model Archlval Cltatlon and Model Contact

The version of the CDS documented in 'this report is that archlved for the forecasts presented in the Annual
Energy Outlook 1998. o < :

Name: Coal Dlstnbunon Submodule

- Acronym: CDS

" Archive Package: CD898 (Avallable through the National Techmcal Information Servrce)
Model Contact: Richard Newcombe Department of Energy, EI-822, Washmgton, DC 20585

(202) 586-2415 ’

Report Orgahizatioh

,' This section descnbes the modeling approach used in the domesuc portion of the Coal stmbunon Submodule .
Subsequent sections of this report descnbe .

, o The model purpose and scope, its classification structures ('mcludmgthe coal typology adopted, model
supply and demand regions and ‘demand sectors and sub-sectors), model inputs and outputs, and
relationship to other NEMS modules and parts of the Coal Market Module (Chapter 2)

-
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° The theoreucal approach assnmptmns, major constraints, and other key features (Chapter 3 .

® The structure of the model, mcludmg an outline of the CDS computauonal sequence and mputloutput
ﬂows a hstm g of the key computauons and equauons (Chapter 4).

Slx appendlws to the text of this secnon contain:

® A listing of input data, vanable and parameter deﬁmtxons, model output, and its locauon in reports -
(Appendrx A) : '

.o A detaﬂed mathemancal descnpnon of the model (Appendlx B)

e A blbhography of techmcal references for the model structure and the economlc systems modeled '
(Appendlx &)

® A model abstract (Appendix D) -

e A discussion of data quality and estimation for model inputs (Appendlx E).

‘. 'A description of CDS program avallablhty (Appendrx F).

52, ~  Energy Information Administration/ Mode! Documentation: Coal Markst Module -



2. Model Purpose and Scope
Model Objectives _

* The purpose of the CDS is to ptov1de annual forecasts (through 2020) of coal productlon and distribution within’
the United States. Coal supply in the CDS is modeled using a typology of 12 coal types (discrete categories of
_ heat and sulfur content), 11 supply regions and 13 demand regions. Exogenously generated coal demands within

the demarid regions are subdivided into 5 economic sectors and 18 economic sub-sectors. Coal transportationis
‘modeled using sector-specific arrays of interregional transportation prices. Demands are met by supplies
representing the least dollar per million Btu delivered cost.. The distribution of coal is constrained by

. environmental, technical, and semceltehablhty factors chmctenstlc of domestxc coal markets

The design of the CDS was gmded by NEMS planning ¢ documents that mﬂuenced the functxons to be included
and the content of the sub-module’'s classification structures.’ 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 detailed, far more so than would be appropriate for NEMS. One priority for NEMS
development would be a greater simplification of this model to use in general forecasting and analysis. The simple
model would then be used in NEMS. Detailed analyses of coal issues should probably be conducted outside the
NEMS "2 .

An important design objective in modehng domestic coal dlstributlon is to prov1de a sxmple platform that can be
‘rapidly adapted to model policy problems, not all of which may be currently foreseeable. Incorporation of
theoretical points-of-view that transcend the fundamental characteristics of the systems modeled was dehberately '
avoided. The general desxgn strategy can be summarized as follows:

® Start with EIA's. coal distribution model from the IFES modelmg system, the Coal Supply and
" Transportation Model (CS'IM) .
@ Reduce classification detail to the mininium needed to s1mulate present and potenua]ly 1mportant supply

" anddemand pattems and transport routes . :

‘e At the same time, minimize the computahonal complenty of model ﬁmcuons, thus reducing maintenance
requirements and scenario tumaround time whxle makmg the model easier to understand :

® Design model su'uctnreto make maximum use ofthehmttedemstngIAdatamomces as model input
and calibration factors (to enhance the u'ansparency of model operation and maximize the consistency
of output with EIA data sources). ‘ :

Ezergylnfom:auonAdmmxsuanon. E!AWorhngGmup 'RequncmenrsforaNanomlEnergyModelmgSystun (uly 2, 1990), -
pp. 7, 14, 15: Office of Integrated Analysis and Forecasting: 'DraﬁSystcmegnforTheNanomlEnergyModelmgSystem
(Jamary 16, 1991), pp. 3,11; "Working Paper: Requirements for a National Energy System (Draff)” (November 22, 1991), pp- 8, -
17; "Working Paper: Requirements for A National Energy Modeling System™ (December 12, 1991), pp 7, 15, 17; "Devclopmcnt
‘Plan for. The NEMS" (February 10, 1992),pp. 8, 50, 51.

* . 2ZNational Research Council, Committee on the National Energy Modelmg System, Energy Engineering Board, Connmssmnon
Engineering and Technical Systems, "I’he National Energy Modelmg System” (WaSthtOn. DC, January 1972),p.58. -
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. Classiflcatlon Plan

" The domesuc component of the CDS contams four major structmal elements that define the geographic and
technical scale of its simulation of coal distribution. First is the typology that représents the significant variation
in the heat and sulfur conterit of coal. The geographic regionalization of coal supply and demand comprise two
more The classification of demand into economic subsectors constltutes the fourth class1ﬁcauon element. Each -

" is dlscussed in turn below. '

COaITypoIbgy‘ S . N
Theeoaltypology contams 3 sulfurand 4 thermal grades of coal w1th surfaee and tmderground mlmngto produce_ ‘
the framework shown in Table 1, above. When this  typology is apphed to coal reserves in the 11 supply regions,
the 34 coal snpply sources used in the AE098 result. o,

Coal Supply and Demand Reg:ons -

Eleven coal supply regions inthe CMM distin gmsh coalﬁelds by coal quality, typical mine prices ; and dlfferenual
access to domestic markets as represented by the thirteen demand regions. There are four supply regions east
of the MlSSlSSlppl River that contain 22 of the 34 coal supply. sources used for the Annual Energy Outlook 1998
(Table 2). ‘The seven supply regions west of the Mississippi River contain the remaining 12 coal sources. The -
apparent imbalance in regions and supply curves reflects longer distances between suppliers and consumers, and
the absence of high sulfur steam and low sulfur metallurgical production in Western regions. In the East, fewer

. Tegions are needed to reflect transportation cost differences, but three of four regions produced metallurgical coal

in 1996, four of the model's five high sulfur sourcesare in the east as are 12 of 14 ‘underground mine sources.
Production from each supply curve (in 1996-and 1992) and the associated heat," sulfur and ash content asused .
in the Annual Energy Outlook 1998 are shown in Table 3. ‘ ,

. The thnteen CMM domestic demand regions represent the nine Census divisions, four of which have been divided
to represent distinct sub-markets with spec;al characteristics (Figure 5 and Table 4). The South Aflantic Census
division has been partitioned to create a special market region for Georgia and Florida, which have low-cost
" access to western supply regions via the Mississippi River system and the Guif of Mexico. Ohio is given separate g

region status because of its proximity to North Appalachlan coal (from Ohio), and its greater distance from the
* East Interior and western coalfields. Similarly, Alabama and Mississippi are separated from the other East South
" Central states (Kentucky and Tennessee) because of their access to South. Appalachian coal, and because most )

" . coal consumptionin Kentucky and Tennessee is supplied from the Central Appalachian-and East Interior regions.

The Mountain Census division is subdivided to create’a separate demand region for Arizona and New Mexico,"
. m which utilities are highly dependent on coal from: adjacent w.ptwe mines.. These four "extra” regions also

simplify the task of re-aggregating demands from the Census divisions into the North American Electricity
Reliability Council (NERC) reglons -a task performed in the NEMS Electricity Market Module.
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Region Region Content

-h

New England

Middle Atlantic

South Atlantic ~
Georgla and Florida -
Ohlo.

East North Central

NN HE 0N

~—

Kentucky and Tennesses ;

10.WS

2. YP
6.EN Y5.0H,
3. SA
7.KT
8. AM 4. GF
Region Region Content
8 Alabama and Missiséippi
L} West North Central
10 Waest South Central
n Mountain .
12 |.Arzona and New Mexico
13 Pacific _
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‘Tabfg 4. CMM -- Domestic Coal ngaixd Rdgions

- Censts D_ivisiolxi’ - States Included

1NE " | NewEngland . CN,MA,ME,NH,RI&VT » "
2P - - | Middle Adlantic . - ' NYPA & NI ' '

50H East North Central o low” . o

6EN noe e ' IN,ILM&WI »
9.CW - WestNorth Central' L MN,IA,ND SD,NE,MO&KS ' " '
3SA - | South Atlanuc " .. | WV,MDDCDE, VA,NC&SC :

4GF L . oL GA&FL : ‘

7KT -. Easts_outh Central, *  |KYIN

SAM . oW . _|ALMS

| WestSouthCentral - | TXLA,OK& AR

Mountzin - MT,WY,COUTDNV = -
L . . AZ,NM S

Pacific - ' . .| AK, HI, WA, OR, CA

¢

Coal Demand Sectors and Subsectors

Inthe CDS domestic coal demands are further dmded into five major sectors and 18 sub—sectors, part or all of
- which may be utilized in each demand region in-each forecast year. ‘The five major sectors are Electricity -
-Generation (utilities and independent power producers), Industrial (steam coal consumption by industry for own
tise and cogeneration), Coking (metallurgical and by-product-coke ovens), Residential/Commercial, and Export.
These major sectors are further divided in specialized demands representing sub-markets.- In the non-electricity
sectors, the sub-sectors provide a level of detail that allows the CMM to capture between 80 to 90 percent of the
.. complexity of historical flows. These sectors often contain small coal flows that represent the end of old
- distribution patterns or the beginning of new ones, and the model would require many more demands per sector .
to capture all of them. Also, attempts to capture such flows would mandate many constraints on the optimization
within the model as these flows are often priced above market levels The subsectoral detaﬂ used in the Annual
Energy Outloak 1 998 is shown i in Table 5. A - ) —

The need for an expanded list of subsectors in the CDS stems from techmcal and negulatory requiréments for
- different types of coals with different geographical availability and prices; it is the economic and geographic
expression of the chemical heterogeneny of coal and the engineering requirements of specialized end-use

o 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 NEMS sectors, since such demands are often supplied
by different types of coals from ahalf-dozen or more supply regnons ' .

58 * . Energylnformatioh Administration/ Mode! Documentation: Coal Market Module - ©



-~

Table 5. Domestic CMM Demand Structure - Sectors and Sub-Sectors

LRCL - ’ : ' Residential/Commercial | 13
2.RC2 . ] : ’ i . -] 13
3.IND. PREMIUM (stoker) - - Industrial Steam s 13 .
4, IND. STEAM (pulverized coal) - | : 113
5. IND. STEAM (other) - , - 1113
6. METALL 1 : . Industrial Coking 7
7. METALL 2 ~ 7.
8. EXPORT 1 (metall) . - | Export 8
9, EXPORT 2 (metall) . ’ _ : .18
10. EXPORT 3 (steam) 8
11. EXPORT 4 (steam) - 8
12. OLD, LOW SULFUR " | Electricity ; 13
'13. OLD, MID SULFUR S . 13
- 14. OLD, HIGH SULFUR - . . 13
15. NEW, LOW SULFUR : : 113
16. NEW, MID SULFUR - L , 13
17.NEW, HIGH SULFUR .- e |13
18. SCRUBBED BOILERS - : 13

Total Number Of Demands . All Subsectors

The subsectoral detail in the residential, commercial and-industrial sectors stems primarily from technical
requirements’ of end-use technologies, and is thus specific to the CDS. Residential and commercial coal
consumption, taken together, constitute less than 1 percent of total demand; but they are modeled as a pair of
demands in the CMM in order to more closely model distribution patterns. Industrial demands are treated as two
groups of demands, those for steam coal and those for metallurgical coals.

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-which require—for technical reasons—coal futels with relatively low ash and high thermal energy content.
" 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 represent a wide range of specialized technologies -
ranging from new coal-fired fluidized-bed steam boilers through Portland cement kilns to gnthmf:ite coals used

" as a sewage filtration medium. This last group of demands is heterogeneous but quantitatively smaller than the

otherindustrial steam sub-sectors in most demand regions, and is distinguished in-order to permit analytical focus - -

on the "Stoker" and "Pulverized" sub-sectors. The use of three subsettors 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. . : - . ' . .
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The four subsectors used for export coal§ are astabhshed in much the same way as the industrial sectors.

. Amnerican coal exports tend to be among the most expensive in international markets, even on a $/million Btu

- basis, but are “bought because of their high quality, reliable availability, and historical role as a method of
balancing foreign trade accounts. ‘The United Statesisa major world source in the declining market for premium
coking coals (which have the same characteristics as premium coking coals in domestic markets). The other -
export subsectors are for steam coals, wlnch lequn'e specxal coalquahty definitions different from domest:c steam '
coals .

. ‘Dlsaggreganon of electncxty demand into subsectors is required by the EMM’s treatment of electricity coal
.demand, which reflects both technical and regulatory requirements that must be economically balanced in that
mode] to realistically portray coal demand in response to emission requirements and the relative economics of
different coal and non-coal fuels Electricity coal demand is partitioned into seven sectors, structured to facilitate -
the modeling of blending across coal rank boundaries. Demands are separated ‘by sulfur level (low, medium and
. high sulfur coal, according to the State Implementanon reqmrements to which individual boilers are subject) and
- by boiler age. It is assumed that boilers constructed before 1965 are techmcally more limited in their ability to
use coal of non-design rank than are newer ones, and therefore, separate demands are maintained for these older
Jboilers.. A separate demand is also maintained for scrubbed boilers because they can use coal of any sulfur level
and stlllmeet state and federal SOX ¢ emission standards \ .

In summary the CDS contains two residential/commercial subsectors, three industrial steam and two domesuc
coking coal. subsectors, two export metallurglcal and two export steam subsectors and seven electncxty
subsectors, makmg eighteen in all. . .

:Relatlonshlp to Other NEMs Modules

- The domesuc component of the CDS relates to other NEMS modules as the primary xteranng umt of the Coal
'Market Module, receiving demands from other non-coal modules and sending delivered coal costs, Btu contents, | ’
and tonnages framed in inter-regional coal distribution patterns specific to the individual NEMS economic
sectors Within the Coal Market Module (CMM), the domestic distribution component of the CDS interacts with

other parts of the CMM. In the first iteration of each annual forecast, it receives coal supply-curves from the -
CPS and coal-export demands from the Coal Export Submodule (CES). In turn, it provides export supply
quantities and port-of-exit prices to the CES. Price and quantity output describing the CMM's simulation of
domestic coal production, distribution and exports by economic sector iS sent to the NEMS integrating module.
These outputs include: (1) minemouth, transportation and delivered prices; (2) reglonal/sectoral coal supplies in

- trillion Btu and millions of tons by coal heat and sulfur content categories; (3) energy conversion factors (million
Btu per short ton) and sulfur values (pounds Sulfur per million Btu) plus delivered coal prices at all destinations
for all coal supply curves for'which the Electricity Market Module has established demands. This last category -
of output is provided to the Electricity Market Module. during its mtegrated iteration with the CMM. The
domestic distribution portion of the CDS relates to other CMM contponents (and the Electricity Market Module,
when operating in the integrated mode) using its own set of 13 domestic demand regions, but aggregates all final’

" outputs to the NEMS mtegratmgmodel into the 9 Census divisions, whlchareasupexsetofme CMM'’s domesnc‘
demand regions. - ,

- -
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Input Requ:rements fram NEMS

The CDS obtains’ electricity sector coal demand by forecast year and estimates of future coal demand in
subsequent years from the Electricity Market Module (EMM) for each of the 13 CDS demand regions. The

- electric power demands are disaggregated into the 13 CDS demand regions and 7 electncrty subsectors by the -

Electricity Market Modile (EMM). The CDS receives annual US. coal export demands from CDS's international
- component. These demands represent premium metallurgical demand, and bituminous and subbituminous steam
coal demands. Export demands-are also disaggregated, but only to the 8 domestic demand regions of the CMM

. thatcontain ports-of-exrt. This regional structure allows 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 southem
Europe, South America, ﬂ1e Pacrﬁc Rim of Asia, and Canada. ;

Residential/commercial, mdustnal steam and coking coal demands specxﬁed for each of the nine Census
- divisions, are received from the Residential, Comimercial and Industrial Demand modules, respectively. Coal, once
an important uansportanon fuel, is now restricted to use in a handful of steam engmes pulling excursion rides.

: Therefore, there is no transportation sector in the CDS.

The transition from Census divisions to the more detailed dornesﬁc CDS demand regions is accomplished using

static demand shares specific to the Residential/Commercial, Industrial Steam and Industrial Metallurgical -

sectors. These shares are updated annually and are found in the CDS input files. The demand for U.S. coal
exports is received from the international component of the CDS and is disaggregated into the domestic CDS
demand region set by static shares found in the international portion of the CDS. Coal demands by coal rank

and sulfur type are received from the EMM and are dlsaggregated into the CDS’s domestic demand regions by

shares located in the EMM.

Other CDS inputs include uansponatron rates. and electnc utility coal contracts (both discussed in Chapter 3),

a parameters file which includes regional and sectoral indices and labels, as well as parameters used to calibrate .

minemouth prices and transportation rates. The parameter input file also contains the parameters that are used
to define "coal groups"—groups.of coal types that limit the coal Btu and sulfur categories that may be used to
* satisfy demand in different subsectors. The parameter input file also serves to store the Btu and sulfur values that
define the qualrty of coal on each supply curve, and the import supply ﬁle '

The supply of coal imports to the United States for each forecast year is.prepared as an mput file. Coal 1mports .

are not priced 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 prices were the primary standard by which the acceptability of imports were judged, coal imports would
be at a substantially higher level than they have currently reached or are forecast to reach. This exogenous import
forecast is specified by economic sector and subtracted from sectoral demand totals in each relevant domestic
demand region prior to the operatron of the CDS’s linear program.

Output Requirements for Other N_EMS_ Con_tpanents

. ‘The CDS provides the least cost delivered prices for each coal type in cach CDS demand region to the EMM.
These prices allow the EMM to determine the comparative advantage of coal in relation to that of other fuels.

- After receiving these demands, the CDS supplies them with the least cost available coal supplies and reports the

resulting distribution pattern, producuon tonnages and minemouth, transport, and delivered prices to NEMS for
the electricity generation sector after aggregaung the output to the Census d1v1s10n level. )

- Smularly, the CDS provides delivered prices and volumes for coal supphed to the residential, commercial and
. ‘industrial sectors by Census division. Prices‘and_ volumes are reported by regional origin and Btu/sulfur content.

' . - \ - . ‘
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These quanutles are reported to the resrdenual, ‘commercial and industrial models via the NEMS mtegmnng .
" module. The domestic component of the CDS can provide export coal quantmes andfas. port-of-exrt pricesby
export supply regron and coal sulfur/Btu content."’3 . .

The outpnt for the domestlc component of the CDS falls mto two categones ' o ' ., ‘

. Outputs produced speclﬂeelly for the NEMS system, charactensuwﬂy in aggregate form and presented
in tables that span the 20-year forecast period. These reports are pnmardy designed to meet the output
o reqmrements of the Annual Energy Oistlook and its Supplement : .

0. Detaﬂed reports produced in a set for a single forecast year. These reports compnse aset of 43 smgle-
year reports detailing sectoral demands received, regional and national coal distribution. patterns,
transportation costs, and detailed reporting of regional and supply curves-specific production. Any or

-all of these reports can be run for any year in the model forecast horizon. These reports are designed to .
meet reqmrements for detailed output on special toplcs, and for dlagnosuc and calibration purposes. .

A more detaﬂed d1scussron of the output reports is provxded in Appendlx A

_e

BRas. pnws,htaally, 'ﬁ‘eealongsrdesh:p thatthscpnmmcludeallchargesmqmedes temtoryexceptloadmgonboard.
. mmncuansport.'rhlsmwmngxsgenual!yobmedevmwhm,asmthemseofmcexponstoMcxxcoandCanada,theydonothterally
lmvcbywateruanspon.

62 . ' ~_ Energylnformation Admlnlau'aﬁonluodol Documenuﬁon coaluarketllodula



r - : ’

3. Model Rationale

Theoretical Approach '
Coal producuon occurs in over 250 counties in 26 Staes. Coa] dep051ts are mdespread occurrmg in 39 of the
50 States; it is the Nation's most abundant nonrenewable fuel resource. The coal supply industry, whﬂe currently .
undergomg consohdatlon, still has over 1,800 mmes controlled by several hundred firms.

Coal demand occurs in over 600 counties in 49 States, domestic coal consumpuon takes place at over 1,500
identifiable locations, and is dominated by the coal consumption of over 200 electric power generators at over
400 different locations - about 89 percent of U.S. coal demand. Each year, coal is transported from mines to
consumers over at least 10,000 individual transportation routes. Subject to certain constraints peculiar to its
‘industrial organization, the behavior of the coal industry is demand driven and highly competitive. Coal
.transportation, while far from perfectly competitive in all cases, is a competitive industry when viewed at the
national scale. Given this overall picture, it is appropriate to model coal distribution with the central assumption

'thaxmarketsaredommatedbythepowerofconsumersactmgtommmzethecostofcoalsupphes Sincethelate

. 1950's, coal supply and distribution has been modeled with this central assumption, using linear programming
. and/or heuristic solutlon algorithms that determme the Ieast cost pattem of supply to meet nauonal demand.

The 'CDS employs a linear program to determine the least cost set of supphes to meet overa]l national coal.
demand. The detailed pattern of coal producuon, transportation, and consumption is simplified in the CDS as
* consisting of about 200 annual demands (the exact number.depends on the forecast year and scenario modeled)
. sausﬁed from up to 34 coal supply sources. ..

'Constrai'hté"l..imiting"'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:

® Environmental cdnstraints

1

L Tech'nologic:al g:onstraihté ”

° Transportaﬁon co'ns'traints

° Rehablhty constramts

Envmonmental regulanon and technologwal mﬂex1b1hty combine to restnctthe types of coal that can be used
economically 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 differs from unconstrained delivered cost minimization.

s

—
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\ Env:ronmental Canstraints

) The srmplest constrdints-on coal markets from the modeler’s perspecuve, are due to environmental regulatxons

. Historically, these constraints have imposed regulatory limits on the sulfur oxide emissions from coal
consumption. Currently, interest is fociised on the electricity generation industry’s response to the Clean Air Act
Amendments of 1990 (CAAA) as they unfold for Phase 1(1995) and Phase 1 (2000). The CMM coal typology-
for domestic supply sources provides three grades of coal sulfur content: complranee” medium, and high. The
compliance ulfur grade eomsponds to the limitation on sulfur dioxide emissions that electric utilities are required
to meet by January 1, 2000, in acoordanoe with Phase 1I of the Clean A1rAct ‘Amendments of 1990. Phase I

' . imposes a permanent cap on stlfur dioxide ermssrons, which corresponds to approximately 1.2 pounds of sulfur

dioxide per million Btu of heat input for all generating units that existed before 1990. The CMM incorporates
envitonmental constraints.on coa.l use by hmmng acceptable coal supphes to those wrtbm appropnaxe sulfur .
categories. . . .

A sulfur penalty calculation was mplemented by addmg a constramt row in, the Tinear program of the CDS to
limit the level of sulfur credits expended so as'not to exceed the limits on emissions established by the CAAA.

- The dual variable for this constraint represents the penalty level. The CMM now determines the least-cost sulfur
penalty as well as the mix of coals necessary to meet the annual levels of electncrty coal demand projected by the
NEMS Electnmty Market Module. . .

In the electric power generatlon sectors demand is subdivided into 7 subsectors In each model iteration, the CDS
supplies the EMM with least cost delivered price for coal in each subsector, and the Electncxty Market Module
(EMM) determines the appropnate 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 generauon
techinology and fuel from the entire range of fossil, nuclear, and renewable fuel technologies.

Inthe nonelectnc power generatron subsectors, ablend of domestrc envrronmental and technical constraints (wrth‘
' their foreign market equivalents for coal exports) combine to restrict choices. For coal export markets, different
- categories of demand are determined in the international component of the CDS, and transmitted to the domestic
distribution portion of the CDS for determination of least cost supply sources. In the domestic, industrial, and
resldentralleommercral sectors, demand is received from other NEMS components in aggregated form andis -
subdivided into sulfur categories within the CDS using a concept referred to as "coal groups.” Each of these "coal

- groups” specifies one.or more of the members of the CMM: coal source set 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 domestic CDS demand region as belonging to one of five subsectors: premium metallurgical
coal, blending metallurgical coal, mdustnal steam coal for stoker borlers, steam coal for pulverized coal borlers, ‘
and coal for other apphcatrons . L .

Technologlcal Constramts B

N

. Technologrcal constraints restrict the smtalnhty of coals in dlfferent end uses. Coal deposrts are chemlcally and

physically heterogeneous, end use technologies are-engineered for optimal performance using coals of limited- "~

_chemical and physical variability. The use of coals with sub-optimal characteristics carries with it penalties in
operating efficiency, maintenance cost, and system reliability. Such penalties range from the economically tnvral
tothe prohlbmve, and must be balanced agamst any savmgs from the use of less expensrve coal. '

Precise modeling of the technologml and envrronmental constraints on coal cost minimization woitld require an
enormously detailed model, using large quantities of engineering data that are not in the public domain. A
simplified approach s’ adequate for most public policy analyses, and is mandated by data availability constraints.
Itis, however, 1mportant that the CMM shoiild preserve a ﬂexrble meﬂrod for modeling these eonsu'amts forit
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is likely that environmental concems related to coal consumption may extend beyond sulfur and carbon oxide
emissions to include, for example, heavy metal emissions (gaseous and particulate emissions from combustion
and leachates from ash disposal). Technological constraints on coal choice are simply addressed in the CDS by
subdividing sectoral demands into subsectoral detail representing the more important end-use technologies, and
by then restricting supphes to these subsectors to one or more of the CMM coal types using the coal group"
definitions. . . . :

It is someumes necessary to restrict regional demands to specxﬁc coal sources. In the case of demands for lignite,
£ob or anthracite culm, which contain the lowest heat content per ton of the coals modeled iri the CMM,
transportation over any significant distance creates the double risk of significant Btu loss and spontaneous
combustion, In the CDS, such demands are restncted to demand reglons contenmnous with the appropriate
supply regions. ~

‘ Transportatlon Cost Constramts

Minimization of delivered coal costs may be constrained bythe 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 throughout the Nation where alternative coal sources and/or
‘multiple common carriers are lacking. Coal consumption facllmes have a typical economic life of from 25 to 50
" years; once built they are 1mmovable, the resulting price elastlclty of demand often enables a coal carrier to -
' extract economic rents. ‘ »

) Nanonvnde, shlppmg costs for contract deliveries to electric utilities represented 29 percent of delivered costs

in 1984 and only 25  percent in 1987, but amounted-to 40 percent of delivered costs to utilities jn the South'in

1987, and half of delivered costs in the West.* In some current cases, transport costs have exceedéd 80 percent

" of delivered costs.? In 1995, coal provided 40.5 percent of all rail tonnage, 25.7 percent of all car loadings, and
21.8 percent of all railroad revenues; since not all railroads serve coal-producing and consummg reglons, the
importance of coal to those that do is even  greater than these statlstlcs suggest.26 N i

Coal dlstn’bunon modeling mandates recogmnon that coal transportation rates only approach marginal costs of
- service in the 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 analyses) will be done exogenously, Since thousands of transport routes may be in use in any year, .

. endogenous estimation of a reasonably complete set of route-speclﬁc costs would i 1mpose unacceptable model .
E execunon and maintenance burdens.- ‘ _ .

In the CDS, domestic transportation rates are mfened by subnactmg h:stoncal average mmemouth prices from
historical average delivered prices. For each of 18 subsectors within the five major economic sectors (electric
power generation, industrial steam generation, domestic metalturgical production, residential/commercial
consumption, and exports) a set of transportation prices connects the 13 demand regions with each of the 34
supply curves. In principle, there are thus 13*34*18=7956 coal tlansponanon routes and associated prices in the
model. In practice, the number of useable routes is substantially less, since many of the origin/destination
possibilities represent roiites that are economically impractical now and in the foreseeable future. Co

"Energy Information Admmxsnauon, Trends in Comma Coal Transportation, 1979-1987 DOFJEIA-0549 (Washington, DC,
Scptzmbcr 1991), p. ix. |
“In 1990 Georgia Power purchased over 1.5 million short tons of Wyoming coal at a delxvcred cost of $26.48 per short ton, of
which the reported minemouth cost at the CahalloRojommemWyommgwas“ OOpershonton. or 15.1 percent.
”Assocxanon of American Railroads, 1996 Rail Facts. -

~—
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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 consumption and export, but has never "imported” coal from the contiguous States or overseas. Tts.only
~ feasible coal transportation connection in the CDS is with the Pacific Northwest region. No other approach is
reasonable in such cases, since estimates of transport costs cannot be made for routes that have never been used

... and where required infrastructure does not exist. A different type of example is provided by the metallurglcal coal

. sector. Here not all the modef's supply regions contain coal reserves suitable for making metallurgical coke in .
current technologies. Similarly, not all démand 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 easrly

' modrﬁed should technologrcal change or econormc development produce possrbrlmes where none now exist.

. " Domestic transportatwn rates in the CDS vary srgmﬁcantly between the same supply and demand reglon for
- different economrc sectors Thrs vananee is explamed by the followmg factors:

] Both supply . and demand regrons may be geographrcally extensrve, but the particular sectoral or
- . subsectoral demands may be focused in different portions of the demand region, while the. drfferenttypes
«of coal used to meet these demands may be produced in drfferent parts of the supply region.

] Drﬁ"erent coal end-uses require coal supphes that must be dehvered within a narrow range of parucle
". sizes. Special loading and transportation methods must be used to control breakage for these end uses.
Special handling means higher tmnsportatron rates, especlally for. metallurgrcal, mdustnal and
: resrdenual/commerctal 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 categones, rates charged tend to vary mversely with
both typical shipment s1ze and typical annual volumes.

~ @ -Since the Staggers Actof 1980 class I railroads have been free to’ make coal transportation contracts

‘that differ in contract terms of service and in the shanng of capital cost between carrier and shipper. »
Where previously the carrier assumed the expense of- provrdmg locomotive power, roiling stock,

operating labor and supplies, right-of-way maintenance, and ronung 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 more than nght-of-way maintenance, routing and scheduling. Particular interregional

routes may vary widely in the propomon of total coal camage represented by newer cost-sharing and

older tanff based contracts. - .

Rel:ablhty and Service Canstramts

The need for reliable fuel supphes constrams the consumer‘s ablhty to mmumze its dehvered cost. While the
general quantitative and qnahtanve clmactenshm of coal reserves are better known than 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 1mpossible 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 pnce-elasuc component of their demand with nsk-mrmmrzmg supply strategies: long-term supply
contracts, multiple sources, and stockpiles. The coal consuiner’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.

N ) - O .
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While.the coal mining industry has become.more concentrated in recent years, by the standards applied in -
industrial economics, coal production is nota concentrated industry. The largest coal producer accounted forless'
- than 14 percent of national production in 1995, and six 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 continug to produce, so long as price exceeds variable cost and some contribution .
to fixed costs can be made. Mining costs, even in well known coal fields, vary acre by acre. Coal producers have
only incomplete knowledge of the mining cost and quality of coal of the reserves they own.® Mmmg firms thus
face both geological and market uncertamtxes . ‘

Thus, both consumers and producers are motivated to reduce uncertainties using multiple sources and/or clients,

‘ long-term contracts, and stockpiles. Opumal coal consumption and producnon strategies often 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 dernand sectors, delivered coal costs are a smaller portion
of total operating costs than for uulmes, and rehabllrty and adequacy of supply become as 1mponant as
mmmuzed delivered price.

Mulu-year contracts are central to the successful operation of modem coal markets; 75 to 95 percent of all coal
sold to all economic sectors 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 sufficient to ensure amortization of invested capital. Because short-term
demand is variable, coal consumers require that producers under contract must be able to mcrease or decrease

the quantity supphed by5to 50 percent around the base tonnage.’! '

Whrle Hiew contract pnces reflect the sum of fixed and variable costs and may mclude speclal 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 spot market in order to gain information on production and transport

" costs that can be used to adjust existing contracts and identify potential suppliers. Buyer's markets prevail in most
" years, sO spot market prices are usually below both average and new contract prices. Mining capacity shortages
.tend to occur about every thirty years, reﬂectmg the concurrent exhaustion of the reserves in a generation of
- larger mines, and unforseen increasés in coal demand (for example, during World Wars I and 1L, and 1973 -
1978). Such periods are characterized by raprd price increaes, the development of many new mines, and the
beginning of a new cycle of declining contract and spot prices.

InfornnuonAdmszuanon, Iheazangmg&mma'ecfvs Coalbza‘m-uy An(@daze DOE/EIA-0513 (93),Iu1y 1993

."  Table A3, p. 37.

”I]hno:sSmchologmlSurveyandmeUS Department of the Interior, U.S. Bumuomees Engineering Study of Structural
Geologic Features of The Herrin (No '6) Coal and Associated Rock in Illinois, Volume 2, Detailed Repon, NTIS PB-219462
(Washington, DC, June 1979).

. SRichard Gordon, Coal Industry Problems, F'walReport, EA 1746, Project 1009-4, Pcnnsylvama State Umversrty prepared for
the Electric Power Research Institute (Palo Alto, CA, June, 1979), pp. 243, 2-44.
”"Sewmyofsuppiy"mbedeﬁnedasﬁenghammdeodwnhmengmphysmlam&emmlspmﬁmomdeMmdmme

ngmnnwoverthenghrmatamsomblecostAnnjoreastemnﬁlnyhasdescﬁbedmcoalpmcurememobpcnveaspmwsxon

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 ReporttotheManma Corporation forthebzergy

- Information Administration (McLean, VA, June 1984), p. 14). :
”Uﬂuymmacsumﬂlquum&epm@wmmovﬂeupmpmsmmmsmwofahaxqmmny 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 .

connactswspcclfyanopuonaltonnageofplusormmusZSpcrcem.Indreelccu-rcutilnysector,rheconsumerusnanymakesthe .

uansportauonconnact.mmcmdustmlseaor,ﬁ:emmngﬁxmmoﬁenrwponsibleforcoaluanspomon, whethernnderconu'act

or not. \ .
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. IntheCDS, electnc power uulmes ex:stmg coal contracts are mcluded tolink supply and demand in the historical,
_pattem rather than that determined by annual delivered price minimization, 32 The average length of such contracts
-is about 21 years and, on the average, those in the model tend to beaboutha]foverm the forecast period's base
~ year, 1990. This means that the amount of contract influence on electric power coal distribution declines year-,
'by-year through the forecast period and is. small after the first 5 years of the forecast penod

The CDS does not use lustoncal contract prices. Instead minemonth, transportauon and dehvered price are
- assignedto conuacts 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 reégion 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 contract data is efficient in that it -
- ‘improves.the model s ability to portray coal distribution plausibly and prowdes a pamal stabﬂlzmg influence
mthout reqmnng the use of detailed engmeermg and coal quality data. ‘

s

(Companson of the CDS to Other Coal Distnbutlon Models -

Stimulated by increased interest in energy supply and dlstnbuuon costs assoc:ated thh events subsequent to the

Arab oil embargo of September 1973, rapid development of new modehng techniques took place The models
" mostrelevant to development of the NEMS CDS are programming and spaual ethbnum models developed on
the foundation of James Henderson s study of coal industry efficiency.

These models include reg10nahzed linear| progmmmmg models that dlfferenuate coal products by mining method
(surface versus underground) and by distinguishing multlple levels of Btu and sulfur content. Coal blending at
the demand pomt was mco:porated.” Quadratic programming models based on the work of Takayama and Judge
developed more sophsueated objective functions, incorporating maximization of producers’ and consumers"
_surpluses 36 This methodology was applled to the spatla.l distribution of Appalachlan coal 37 :

Recurs1ve programming models were adapted t6 model decisions over time in wh1ch subsequent soluuons‘ ‘
depended on the results of earliér executions. Feedback equations were employed to simulate constramed
optimization including adaptation to current conditions. This approach is well suited to modeling decisions under

- . "adaptive price expectations” where the feedback may come from preliminary executions for time period 2 and

; aﬁ‘ectﬁnaldeclslonsmumepenod 1. Of course; suchameﬁxodologymposes execution time penalties that are
of concem in a large, integrated system such as NEMS, An early application was used to explain the historical
. adoption of 1mproved Mg teclmologles and their effects on the coal mlmng mdustry 3 Programmmg models

”medanavaﬂablemHAonensnngdecmcnﬁlnyeomas(ﬁomﬂ:eFERCFomsao "IntemgamzyonFuelandEnergy
Purchase Practices,” and fromi the FERC ¥orm 423, 'MomblyReponofCostandQualnyofFuelsforEleechlants')aredetaﬂed
andemmwe,bmdonmpmvxdeumvemlcovemge,evenforthedmnuﬁlnym EIA collects no data on contracts in the
mdnsmalorexportseetors Momva,dwvmﬂympommdammumspmnmem(mmemﬂage,mnmge,uamponmode
origins, desunauonsandsemeepmeomamedmmeFRCFormSSOareawasungmome smecpneeaswellasother
information is largely proprietary in new railroad transport contracts, andnootherobjecuvesoureeofmchdatalsavaﬂable

”EnergylnformnonAdmm:suanon, TrendsInComaCoaI Tramportauan, 1979—1987 DOFJEIA-0549 (Waslnngton, DC, -
Septemberl991),p ix. :

3James M. Henderson, YheEﬁaazcyofIhe Caalbzdzmry An Application aflmearProgrmzmmg ((}ambndge,MA Harvard ;!
University Press, 1958). = . ’

*Libbin, J.J. andX.X.Boehle "ngrmnmmgModelofEastWestCoalShrpmems AmencanlownalanganmmIEeonamcs
Vol. 27, 1977.

"'l'akayama T and G. Judge,.SbauaI and Temporal PnceandAlIocauonModels (Amsterdam: North-Holland, 1971).

37le:ys w.C. andYang,CW 'AQuadxauchgrammmgModelof’l‘beAppalachxanSmmCoalMarket, EnergyEwnmm
Vol. 2, pp. 86-95. ~

3Day, ;I'{P.H and W.K. Tabb 1972, ADynmuchcroeconamcModelofIheUS CoalemngInduswy SSRIResmrchPaper :
(Madxson,WI University oszseonsm, 1972). - ’
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have been adapted to simulation of markets characterized by 1mperfect competmon An early and representative .

example is the work performed on the Project Independence Evaluanon System (PIES) atEJA to model regulaxed
gas prices and tariff adjustments/oil entitlements.® -~ - -

The development of large scale integrated modeling systems such as the PIES, the Mldterm Energy Fotecastmg
System (MEFS), IFFS, and NEMS has meant that the sharp edges of individual modeling approaches are blurred
by the characteristicg of the integrated system, System sub-models act both as components of the integrated
modeling system and as stand-alone models that must be quickly adaptable to analyses of, for example, the
-impacts of proposed legts]auon at the State or sub-State region level. Modeling systems with central integrating
models allow the freedom to join econometric demand components with structural/engineering supply
. components. Al 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 EnergyIEconomy Modehng System.* 4 -

 PIES consisted of a linear programming mtegtatmg model that computed an ethbnum solution for demands
generated by an econometric demarid mode] with supplies generated by a programming model. Equilibrium output
“ from the integrating model was input to a macroeconomlc model, an environmental 1mpact model, and an
international model.* : . : _

Most models of coal supply and distribution fall into’two categories. The first is a series of models Iargely
developed by ICF, Inc., for EIA, but also marketed to other clients. The EIA representative of this "family" of
models is the National Coal Model (NCM), which has had various capabﬂmes in its two decades of existence. |

The other coal supply model "family” of the l970's was designed by Martin Zimmermann and subsequently

. incorporated into the DRI, Inc., modeling system as thiecentral analytical tool of the DRI Coal Service. Both the

NCM and DRI models are linear programming models that tteat coal transportauon costs as an mterreglonally
specific markup over mmemouth costs. '

Both the DRI model and the NCM can operate independéntly (with exogenously supphed demands) or as part
of an integrated system. The NCM contains a utility capacity planning and dispatch submodel that receives
electricity demand, and allocates this demand among coal, .0il, gas, and nuclear generation capacity according to
relative cost. The NCM disaggregates coal demand, using technical and sectoral environmental constraints,
testing the economic efficiency of low-sulfur coa]s against high-sulfur coals that reqmre scrubbing.*

'IheDRIandNCMmodelscanbeconu'astedmseveralregards FitstﬂleNCM,mallxtsvemons,hashadamore .
detailed clasmﬁcanon scheme. The NCMhashad from40to GOcoaltypes the DRI- Zimmermann modelhas 36.

*Murphy, F.H., The Structure and Solution of The Project Independence Evaluation System; Energy Informauon Administration
(Washington, DC, 1980); Murphy, F.H., R.C. Sanders, S.H. Shaw and R.L. Thrasher, "Modeling Natural Gas Regulatory Proposals
Using the Project Independence Evaluation System," Operations Research, Vol. 29, pp. 876-902.

“Hudson, E.A. and D.W. Jorgenson, "U. S Energy Policy and Economic Growth, 1975-2000," BellJownaquEconmmcsand
Management Science, Vol. 5, pp. 461-514;

“Groncki, P.J. and W. Marcuse, "The Brookhaven Integrated EnergylEeonomy Modelmg System and Its Use in Conservation
Policy Analysis," Energy Modeling Studies and Conservation, ECE, ed prepa:ed forthe United Nations,. (NY Pergamon PrsS
1980), pp. 535-556. -

“Energy Information Admmtstmwn, Documemtation of the Projea Independence Evaluazwn System (Washington, DC, 1979).

“Description of the NCM is taken from: ICF, Inc, The National Coal Model: Description and Documemation, Final Report
(Washington, DC, October 1976; Encrgy Information Administration, Mathematical Structure and Computer Implementation of The
National Coal Model, DOE/EV/10128-2 (Washington, DC, January 1982); Energy Information Administration, National Coal Mode!
(NCM), Users Manual (Washington, DC, January 1982). Description of the Zimmermann-DRI model is taken from: Zimmermann,
M.B., "Modcling Deplction in 2 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,” Ad»mmmﬂzeEconmmmafEnergydezsoww,
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); DamResonrees Inc., Coal Service Docmnenmnon (szmgton, MA, March 1981).
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Both models' supply curves are in the form of step functions, but the NCM has over 400 while thé DRI-
Zimmermann model has 35. The NCM has 31 supply regions while the DRI-Zimmermann model has 6. The |
NCM has 44 denand regions while the DRI-Zimmermann ‘model has, in various versions, either 13 or 18.
Interregional supply-demand links-in the NCM total about 1,000, while different versions of the DRI- .

Zimmermann model have'either 78 or 108. A version of the NCM, as modified for recent use by the US..
Environmental Protection Agency, contains ‘hundreds of demand and supply centroids, and over. 2,000
interregional coal shipment routes.* Each of these routes is represented by a detailed description of the carriers,
fink mileages, locomotive horsepower, and other cost related factors. These, in turn allow detailed engineering
cost estimates for each route. Such g@n accounting model approach to coal transportation allows very precise

estimates of costs, but as discussed abqvé, coal transportation rates may not be determined by costs. Thus, in
spite of the extreme detail input to this model, it may underestimate delivered coal costs. o

As linear programming models were adapted to model coal distribution, it became increasingly apparent that . '
available data on sich costs, when combined with accurate minemouth costs, did not necessarily produce
* recognizable coal distribution pafterns. A logical strategy in resolving this dilemma was to increase the number
of supply and demand regions to allow the model to capture idiosyncratic rail rates to localized regions. This
method achieved a measure of success, 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 .
Jevel 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 "analytical judgment.” Maintaining 4 system of rates involving routes between up
“to 100 supply regions.and 200 demand regions has an impact on scenario turnaround time. Models containing .
his level of detail are simply too cumbersome for a system like NEMS. .- ' S

Another primary difference between the NCM and the DRI models is in the treatment of resource depletion. In
" both models, minemouth costs are developed by supply curves relatin snnualized production of recoverable
_ reserves {0 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 modeis. For the DRI-Zimmermani model, the supply curves were originally
devéloped from the assumption that coal reserves were log-normally distributed by seam thickness and/or
overburden ratio, the two primary determinants of reserve-related mhining costs in both models. The hypothesis -

of log normal reserve distribution by-seam thickness has never. been proved, and there is evidence that it is
descriptively incorrect. : : : o

* Freight Network Equilibrium Models

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

“ICF Resources, Inc.»,Doamzanaﬁmq’_theICFCoaldeIewic Urilities Model: Coal Transportation Nerwork used in the 1987
EPA Interim Base Case, the U.S. Environmental Protection Agency (Washington, DC, September 1989). oL '
4gee, for example, Wagner, Harvey M., "Network Models,” Chapter 6 in Principles of Management Science with Applications
10 Executive Decisions (Englewood CIliffs, NJ: Prentice-Hall, Inc., 1970). . . Co
4{Jpited States General Accounting Office, Railroad Regulation, Economic and Financial Impacts of the Staggers Rail Act of 1980,
GAO/RCED-90-80 (Washington, DC, May 1990). SR . '
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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/destination pair. 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 revenues. Link costing functions can range from flat fees

~ through volume-sensitive capacity utilization funcuons to complete engineering cost models, dependmg on the
functions of the model in quesnon ,

. Very large networks maybe used to descnbe mode -specific transportation capacities for the entire United Staes.
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 networks, rates may be
constructed by multiplying the sum of a "base rate” and a volume sensitive capacity utilization function by -
function of link distance. The source of such base rates may be the error term-in a linear regnessxon predxcnng

- rates from distance. ‘ ,

Frei ght network models often contain an equilibrium algorithm, which is required by the use of volume-sensitive "~
capacity utilization functions to price transportation across links. Since the solution begins with estimated
volumes, flows through the network will not reach equilibrium unless acmalﬂows equal estimated flows. Since

freight prices vary with volume shipped, estimated and actual flows are unhkely tobe equal. Successive iterations

may not converge to an equilibrium assignment of volumes on different routes. Heuristic algorithms were adopted
to shift small percentages of route.volume toward more optimal routes until equilibrium is attained. The
combination of exact shortest path and heuristic equilibrium assignment algorithms provides a powerful method
of processing very large quantities of transportation detail. Given a sufficiently detailed method of estimating
lmk-spectﬁc costs, such models can provide accurate estimates of the route specific variable costs incurred by
coal carriers.” Frelght network models have been w1dely used to study regional rate responses to increasing
system capaclty utilization.

The ability to model transportation costs at a link-specific level of detail does not come without drawbacks,
however. Freight network models depend-heavily on detailed input describing freight flows, rates, and exact
routes.*® Coal distribution networks have been'developed with from 269 to over 18,000 links; the bigger the
' network, the more difficult and expensive it is to maintain, and the greater the model's execution time
requirements. In smaller networks, scale problems such as the "centroid problem” inevitably emerge This
problem emerges as the number of origins and destinations’ decreases, and the accuracy and stability of
interregional tonnage-weighted distances diminishes. If a node is not the true tonnage-weighted center of the
region it represents, the use of actual ton-mile rates will produce i inaccurate route prices. True centroids constantly :
shift in a freight network, just as the populanon 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-
. metworks 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 will bear." Simplified networks also reduce the abthtyto model competition on parallel routes
between the same origin and destmatlon

A strength'of frelghtnetworkmodels is their ability to prov1de detail about comparatwe route geography and link-
specific economics. However, this detail has few applications in national energy policy analyses as addressed by -
the NEMS. It is useful to be able to model coal transportation competition on a camerlroute basis. The current

“Wyas, A D., "Overview of Coal Movcmcnt and Review of° Transpomnon Methodologies," Proceedings of Coal Trampananan
Costing and Madeluzg 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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depiction of transportation consists entirely of rates determined by subtracting 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 spwdy, and the rates generated are based on the only set of avaﬂable data'
) prowdmg universal coverage of reeent lustoncal coal transportauon rates. :

‘ ‘Summarj' of the cbs v‘ersus dther Coal Distribufion Modelsl |

" Coal drstnbuuon models have evolved as approaches to solvmg ﬁmdamental problems eneoxmtered as attempts
. have been made to apply the models to a broader and broader array of topics assdciated with the coal supply and
distribution industries. These models have faced the challenge of successfully addressing a growing range of
purposes, while under pressure to remain compact, transparent, easy to mamtam and quick to’ execute As
. dlscussed above, these problems can be summanzed .

e Coal drstnbunon, ona year-by-year basrs, and at the requlred level of regronal and sectoral deta.ll can
- notbe shown to be determined by the delivered cost of coal. Yet, i in the long run, histofic data show that * .
itundoubtedly is. It has been argued that this is due to the short- and mid-term price elasuclty of demand .
for coal, and the concurrent existence of localized market power in the coal transportation industry. The
primary descriptor of coal markets' adaptatlon to such market power is long-term coal supply and
transportation contracts. . . ,

L Histoncally, coal distribution models have attempted to resolve this problem by mcludmg greater and
" greater levels of regional and sectoral detail, accompanied by highly detailed attempts to-portray coal’

‘transpoitation rates. Such models contain detail beyond that appropriate for a NEMS component and,
often, past the pomt where the nansportatlon rate structure can be shown to have an exphcxtly factyal
" basis. .

. @ Technical limitations on the operation of different end-use technologies with sub-opumal coals constrain
. attemnpts to minimize delivered prices. Unfortunately, the available documentation of such issues focuses
on engineering issues rather than costimpacts, and so can only be: incorporated into models in a general
way. Again, precise modeling of such constraints would both require data that are not available and a
Ievel of detail in modeling that is inappropriate for the NEMS. Most coal distribution models, including
NEMS, use a simplified coal typology. Perhaps for this reason, explicit recognition of these constraints

is rare in the coal modeling hterature although common in the combustion engmeermg literature.

The CDS has been constructed to reconcrle the nwd for speed ‘and slmplxclty with the rieed for adaptabxhty It
employs contract data to simplify modeling electric utility coal supply, but it imputes no contracts for the
nonutility sectors. The treatment of domestic coal transportation in the CDS is simple and uses transport rates
that are inferred from annual surveys of mmemouth and sectoral delivered pnces

EEN
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4. Model Structu re
The domestic component of the CDS forecasts the quantities of coal needed to meet regionally and sectorally '
specified coal demands. It provides the Btu and sulfur content of all coal delivered to meet each demand. It also-
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. Addltlonally, the CDS projects the regional distribution of coal mine
capacity requirements by sector, region, mine type, and coal type based on future utility and nonutility coal

demand. Transportation costs can be summarized independently by coal supply region, coal rank and sulfur :
content, and by transportation mode for reglonal or sectoral transportauon analysis. ‘

The model code that performs domestic coal distribution tasks in the CMM consists of 15 siibroutines, eight
sources -of input-and five output files. The interaction of these components is outlined below and in the

accompanying flowcharts. . K .

Co.mputational Sequence andt input_lontput Flow

The controlling submodule in the cal distribution code is calléd "CDS".*® The functions of subroutine "CDS"
are shown in Figure 6, which also provides an overview of the operauons of the domestic coal drstnbutlon code
as a whole. "CDS" controls nine other subroutines:

® "CREMTX" creates the linear programming matrix contammg the coal demands, supplres, transport
activities and lower bounds (provided by utility contracts). "CREMTX", in turn mlls the linear program
solver, "OML" for the initial iteration in each forecast year.

® "CREVISE" revises the linear programming matrix after the 1mt1al iteration and- calls the lmear
programmmg solver, "OML" after each non-initial iteration in each forecast year. ‘

- "RETSOL" retrieves the linear program solution produced by "OML" and sends the appropnate ‘sub-
.parts of the solution to "lNPREP "DEMREP » PRDREP" and CEXPRT" .

"o "INPREP" creates the demand reports that record sectoral demands received from other NEMS

' components and the international component of the CDS. "INPREP" writes output describing the
‘demands it has calculated from the input common block names and' physical files described above.

Nonutility and utility demand reports, plus a utility' demand summary report 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 year. Using these reports it is

" possible to determine exactly what demands the CDS has solved for in a given forecast year, since

 this output is wntten before the linear program is called by the "CDS" subroutme

e "DEMREP" generates coal demand reports that describe demand, transportation, and dlslnbuuon of coal
from supply to demand region by economic sector, with fully adjusted transport rate data provided in
both $/ton and SIMMBm One of these year-specific reports the "Detailed Supply and Price Report,"

-

"I’o avoid confusion in the following dxseussxon, subrounne and ﬁle names are always wntten in quotation marks, e.g., "CDS",
"EMMOUT".

.-
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. provides a full description of coal type, demand quantity, individual participants, and minemouth,
transportation, and delivered costs for an.entire run, in the order of the 13 -domestic CDS demand
regions. This is the most detailed report currently available from the CDS, and generally requires 30 to
50 pages per forecast year (divided into 13 regional subreports). Reports generated by "DEMREP" are

- writtén to the physical file "CLCDS". - . ‘ T :

o '"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 slfur and Btu category, but 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 precise $/MMBtu prices and sulfur contents (in Ibs sulfur per
MMBtu). The coal production reports are written on physical file "CLCDS". - T

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

o "CPSHR" writes nonelectric utility coal pﬁcé output to the 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 behayior 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 to be reported if both physical units and trillion
Btu. The conversions accomplished in "CBFOUT" are reported to the common, block name
"COALOUT".. B T ;
The subroutine "CDS" calls the above subroutines in the same order in which they are discussed above, and this
order is shown in Figure 6. Subroutine "CREMTX" also calls two other subroutines: "RDCDSIN" and
"RDCEXIN" (Figure 7): : Co : ‘

6 "RDCDSIN" reads exogenous input arrays containing calibration factors for the CDS, and calls
" "CMAPSR". ‘ ) ’

o “RDCEXIN" reads exogenous, input arrays containing calibration factors for the international
- portion of the CDS. These inputs are described above in Part II-B - Coal Distribution Syubmodule
Documentation (Intefnational Coal Flows), Table A-1. .

+* The subroutine "CREMTX" (or "CREVIS ",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 "RDCDSIN" which functions to initialize all arrays and read input data'from four physical
files. These input units are: N L BN :

e "CLPARAM" which contains parameters 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 coal that can be used to fill demands in-different economic sectors and
regions. (The contents of "CLPARAM" and other physical input files are described in greater detail in .
Appendix A of Part I of this report.) - - ~ . '
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e "CLNODES" currently contains only supply and Elemand“ region name laﬁels

® "CLRATES" contains alarge 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
* yearused in any run, as well as adjustments specxﬁcto the economic sector and forecast years. These last
two adjustments are accomphshed by parameters found in CLPARAM" that ar¢ dlscussed m -

‘ Appendle .

e "CLCONT" contamsdata deﬁmng aggregated existing electric ut:hty coal conitracts that are assigned -
to constrain the selection of coal sources by the CDS solution algorithm. The nature of this input and 1ts
use is also discussed in Appendlx A ;

Figure 8 displays the ftmcnons of subroutme CMAPSR" This submuune 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 of modxfymg the demands to reflect the constraints imposed by existing electric utility coal
- contracts. Both these processes are accomphshed by subroutine "CREMTX", which is described in association
with the discussion of Figures 6 and 7. "CMAPSR" reads common block names-"PQ" (which contains the
* . monelectric utility coal demands) and the physical file "CLSHARE" (which contains the shares dlsaggregatmg
non-utlhty demands from Census division to CDS demand region level) i

'Key Cdmputations and Eddatioﬁs |

The CDS uses a linear programming (LP) formulation to find minimum cost coal supphes to meet domestic
sectoral coal demands received from the Electricity Market Module, the Residential, Commercial and Industrial -
" Demand Modules and international demands as determined in the international area of the'CDS. The linear
program for the domestic component of the CDS selects the coal supply sources for all coal demands ineach’
domestic CDS demand region, subject to the constramt that all demands are met. '

i
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Figure 8. Functloris of 5ubiotiﬂ_ne’ “6MAP§R"

Prices Output

k Nonumtty Coa.l

"CMAPSR

CLSHARE

Nonutilty — > Cmaotee De::led.
-\ - Demand Share / - . . ernan
~ CDSCES. .
‘ CMAPP
o cESOupnt 1. Creates Utility
- Demands

'EMMOUT

k \UtﬂityDemand )

" Data

" The domestle component of the CDS orders mput data, solves the LP model and provxdes the reqmred outputs
to the other submodules of the CMM and to other modules of the NEMS. The initial matrix and objective.
function are inpus. However, most of the coefficients in the model change over time. Forexample, the objective
function represents the cost of delivering coal from supply regions to demand regions and its coefficients include - -
minemouth prices, transportation rates and coal demands specified by heat and sulfur content, all of which may
vary. Similarly, coefficients in the constramt matnx, whxch include the uﬁhty coal contracts, also change within
the forecast horizon. ' .
Appendle describes model i inputs, pmameter esnmales and model output. Appendlx B prowdes mathemancal ‘
description of the obijective function and equations of the constramt matrix, and of the equations that derive the
revised coefficients for the LP model. The model relies on Opnmlzanon and Modeling (OML) software, 2 -
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 II of this documentation’
report. - - . . T . . ,

-
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, Transportatlon Rate Methodology .
Inter-reglonal coal transportation rates are calculated ‘exogenously and read by subroul:me "CDSINT" from the
- physical file "CLRATES". Dunngthefomstpenod, these rates are escalated or de-escalated to reflect projected
changes in input factor costs for transportation by several parameters read from "CREVISE". The escalators used
to adjust transportauon rates year-by—year are generated endogenously using a regression model.

As discussed elsewhere, the input rate array contained in "CLRATES" is prepared by subtracting minemouth
- prices from the EIA Form 7A, "Coal Production Report™ from sector-specific delivered prices from the FormEIA
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 FERC 423, "Monthly Report of Cost and Quahty of Fuels for Electric Plants" for the
_ Electricity; sector.

"CLRATES" contains rates for each possible combination of 18 economic subsectors, 13 den'iandregions and
"34 supply curves, a total of 7956 rates. The requirement for rapid CDS turnaround time imposes the need fora
method to rapidly recalibrate this rate area to new 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 "CLPARAMS" file named "BSRZR" which
provides rate multipliers. It also provides the capability to selectively alter rates for specific inter-regional and
sector specific rates when studies of the sensmv1ty of dtstnbutmn, productton and/or pnce to rall rate changes
are performed ‘ 3 .

~
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AppendixA .

lnventory of lnput Data, Parameter. Estlmates, and
Model Outputs ‘ |

Input: Data Requirements .
Tnput to the domestic component of the CDS is read from s1x input data ﬁles These ﬁles and their contents are
listed below.

CLRATES. This file contams the basic coal transportation rates used in the CDs. The input data are in 1987
] dollars, organized as lines, each conta:mng 18 rates (one for each economic subsector in the model). There are
442 lines representing all possible supply curve and demand region pairs 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 Iine of 18 rates ,two
residential/commercial rates are followed by 3 industrial subsector rates, 2 metallurgical subsector rates, 4 export
' stibsector rates and 7 electric utility sector rates. Where supply/demand region pairs are economically very

unlikely (i.e., there is no historical record or current prospect of coal movmgbetween these two reglons), dummy
_ates’ of 999.99 are entered. - ‘ .

CLSHARE. This file contains xanonal numbers used to create demand shares that dlstnbute demands received
at the Census division level of aggregation over the 13 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 separate region. The CDS demand regions are represented by the rows. The first 13 rows contain rational
- numbers used to disaggregate residential/commercial demands.. The second 13 rows contain the shares for
mdustnal demands The third set of 13 rows contain the shares for metallurglcal demands.

. Thissetof 39 rows is immediately followed by an array teprecennng supplies of imported coal in millions of tons.
This input is indexed by Census division, domestic CDS demand region, and by the sector to which the demand.
pertains (i.e., "1"= Electric Utility imports, "2"= Industrial imports, and "3"= Metallurgical 1mports) Each . -
indexed group contains 26 numbers, one for each year in the model's forecast honzon ) i

* Following this array is one vnth 13 rows- and 3 columns of rattonal numbers 'I‘hese assxgn industrial demands.
to the three mdustnal subsectors for each demand region. R ‘

‘The next array is the FERC Form 423 electnc utlhty receipts for 1990, stated in mlhon Btu and indexed by
number (and alphabetic code). The colurnns in this array represent the 7 electricity demand subsectors, while the
. rows represent the 13 electricity demand regions. - This array is repeaxed for the years 1991 through 1995,
: prov1dmg a set of historical electricity demands for these years that are used to mhbrate and test the CMM when
" runin stand-alone mode. _

» CLEXEXS. This file contains U S. coal export demands for the historical years of the forecast penod Each
. group of demands contains 26 numbers representing annual demands for coal exports in trillion Btu. These
groups have five indices at the left. From left to right these indices are (1) the domestic CDS demand region, (2)
the domestic CDS economic subsector, (3) the international CDS demand sector, (4) the CDS coal group from
which supplies may be drawn (The organization of "coal groups" is explained below in the discussion of the
"CLPARAMS" input file), and (5) the international coal export region to which they pertain. -
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CLCONT This ﬁle contams data descnbmg exlstmg electnc utrhty coal contracts. The information'is orgamzed
" 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. ‘These contract demands are mdexed

' from left to right, by lme number, demand reglon, coal type and supply region.

" CLNODES: This file contains Iabels for coal drstn'blmon ongms and destmatrons, that is, two-letter and full
- alphabetic desrgnauons for the supply and demand regrons in the model. .

CLPARAMS Thls file contains 11 arrays and vectors They are descnbed and 1denuﬁed in the order of the1r
. appearance The first array is'named "COAL" and contains labels for the CMM_ coal types

The next array is a parameter namd "BSRZR" that is used to adjust transportanon rates by demand region and
economic sector. These adjustment factors afe indexed at the left by demand region number. Each indexed group
of 13 represents the array of subsectors in the CDS, beginning with the Residential/Commercial subsector and

- "terminating with the last electricity subsector. "BSRZR" is produced by an off-line program that uses historical

* delivered prices and minemouth prices to determine the transportation rate adjustment that will provide the correct.
delivered pnce in the base year of the forecast penod (1990 in the Annual Energy Outlook 1997). :
"BSRZR is followed by Sector a column vector of alphabetlc labels for the 18 economic subsectors in the
CDS. "Sector”, in tiirn, is followed by a pair of row vectors, "IFED" and "ISEC" . "IFED" ass1gnsthe 13 domestic .
CDS demand regions to the 9 Census divisions, while "ISEC" assigns the 18 CDS economic subsectors to the
5 NEMS economic sectors (Resrdentral/Commercral, Industrial steam, Industnal metallurglcal, Exports and
Electric Uulrty) = } _ ‘ .

These vectors are followed by an array defininga parameter named "KCNUR", whrch isindexed w1th the demand

region numbers and ‘their ‘two-letter alphabetic abbreviations. "KCNUR" assigns coal groups to -

residential/commiercial, industrial steam, and metallurgical coal economic subsectors which are represented, in

that order, by the first six coluinns of integers. These values are followed by three columns of rational numbers,
the demand shares by region for the three industrial subsectors (The identical set of shares is found in the
CLSHARES mput file and is descnbed above. )

"KCNUR" is followed by a pair of vectors deﬁmng transportatron cost escalatlon 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 model does not distinguish between coal transportahon modes,
only the first vector, "BTR" ismuse . -

"BIR" and "BTW' are followed by. another parameter, "CSDISC" which is used to adjust minemouth prices to )
reflect regronal labor productivity changes-during the forecast period. "CSDISC" is indexed by the two-letter
* alphabetic code abbreviations for the 11 CMM coal supply reglons, with each { group contarmng a value foreach
of the 26 forecast horizon years.

CSD]SC“ is followed bya parameterused to.assign coal groups to the 7 electucrty subsectors _'This parameter,
) "KCUR is indexed by demand region. - _

The parameter "ICSET " follows "KCUR", and it is used to deﬁne the coal groups, hstmg the coal sources
included in each coal group. The structure of the array provides a row for each coal group, with the penmtted
coal sources indexed by supply region number (1 through 11) and coal type (1 through 13). Coal types are:
indexed in the order in wlnch the occur in the CLPARAMS array "COAL" (q v. above) ~ .

. d P
’
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Listing of Parameters and Variables

Table A-1. Parameter List for CDS ksouree':' cDS) |

NCOALTYP=8 Number of coal types per supply region”.
NCSET=47 Nuruber of coal sets a.vailable
NCUTSET=12 Number of uility coal sets
NFYRS=26 N_muber of forecasted years
NINTJ OBST—-GOO . Maximum number of intermediate demand}obs )
NMAXCTRK=600 -~ Maximum number of contracts
NMAXCURV=300 Maximum number of supply ciirves
- NMAXDJOB=900 Maximum number of demand jobs
NMAXEXPT=40 Maximum number of export demands
'NMAXPART=20 . Maximum number of participants per demand _]Ob
NMAXSTEP=4000 | Maximum number of curve steps
NSREG=11 _ Number of coal supply regions
NTOTDREG=13 | Total number of demand regions
NTOTSECT=18 Total pumber of demand sectors
NUTSEC=7 _ Number of utility sectors
CNCSET=10 Number of coals available wrthm aset
NEMSEC=6 Number of nonutility NEMS sectors (FTAB)
IMPSEC=3 Number of import sectors (utility, metallurgical, industrial) |
NOTSE:C:7 Number of resxdenua]/commerclal mdustnal and metalllrglcal sectors
NXPSEC=4 Number of export sectors
EMISS=4 . Number of supply regions East of the Mississippi River .
FRCSTYR=2 .| Number bf look-ahead yeers for production capacity expansion
NUMPTYPE=3 Number of utility plant types (old, new, and scrubbed)
NUMSTYPE=3 Number of SIP types (low-, medium-, and high-sulfur)
APPCDS= : Number of CMM supply regions in Appalacbia:
INTCDS=6 ' End of CMM supply regions belongmg to Appalacbxa and the Interior
NUMSULFLVL=3 Number of sulfur categones (compliance, medmm, and thh)
USPLIT=6 Uuhtycoaltypesfor reporting (old, new, scrubbed, and low-, medium-, and high-
sulfur) , .
| SCRNB:’T Scrubbed sector
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‘l‘abls A-1 Parameter Lzst for CDS (sourcs: [0 (Contmued)

ISCRUB Scrubbed 'sector--integer version

PREMBTU=26:8 ‘ Btu conversion factor for premium coal‘ .
| SO2' PCB=0.95 Prachon of sulfur 1eft in ash, bltummous coal
| SO2_PCS=0.875 Fraction of sulfur leftin ash, subbxtummous coal
1 SO2_PCL=0.750 ' . Fraction of sulfur left in ash llgmte

; g
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Table A-2. V_arlables forbomm'on Block CDS'COM1 (source: CDS)

CPSBF Total minemouth price in 1987 $/ton
COEXP 'Tot-al exp(;rt demand in ﬁllioﬁ Btu ‘
‘CQSBEFB Coal production by CDS supply regions in mﬂhon Btu .
CQSBFT Conversion factor for coal productlon in mﬂhon Btulton
CSvP Coal imports (sector l-uuhty.z:mdustnal) ’
PDINIR ’ Indus!nal delivered pnce in 1987 $/million Btu
PDMTIR . Metallurgical coal delivered price in 1987 $lmi11i’on Btu
PDRCIR | Residential/commercial delivered price in 1987 $/million Btu
PDUTZR . ‘ Unhty dehvered pnce by utility sector in 1987 Slmllhon Btu -
QDINIR Industnal demand in rillion Btu
| QDMTIR . Metallur Jglcal coal demand in trillion Btu
QDRCIR Res1dent1a]!commercla1 demand in tnlhon Btu
QDUTZR Utility demand by tility sector in rillion Btu
BTUTZR Btu conversion factor for utility sectors in mﬂhon Btulton
|_soutzr SO; content for utility sectors in Ib/million Biu
ﬂ@B’IU Irhport total in tnlhon Btu by Census d1V1s1ons
IMPTON Import total in mﬂhon tons by Census divisions
IMPBTUC Import total in trillion Btu by CDS demand reglons
"IMPTONC Import total in million tons by CDS demand regions
TONN Import tonnég‘é in million iops
EDYRS Exmndeméndh@ouBm : -
JEDR DemandJmn mdex for export sector ‘ 7
IEDZ Demand sector index for export sector )
1 EDC Coal set’ mdex for export sector
COALIYR Internal year mdex :

\
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Table A-3 Variables for Common Block CDSCOMZ (source CDS)

LTI E00)
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B RSBTU(NMAXCURV) Btu content in million Btu/ton
RSULFQNMAXCURY) | sulfor contentmlb/mﬂhon B -
VSCUR(NMAXCURV) Productxon by supply reggon!coal type
PSRNG(NMAXCURV) Minemouth price in 1987 $ion
USV(NMAXSTEP) Upper limit before step invoked
BSV(NMAXSTEP) a . Slope of supply curve segment

1 ASV(NMAXSTEP) : Y-Intercept for supply.step
DSYRS'(NMAXCURV,NFYliS) Depletlon amount by supply. reglonlcoal type/years
PD4O(NTOTSECT,NDREG) Coal price for all demand seciors in. 1987 §/million Btu’

; BT40(NTOTSECLI;,NDR.EG) Coal Bm conversion factors for all demand sectors
SO40(NTOTSECT,NDREG) Coal SO, content for utility sectors in Ib/million Btu
QDLNMAXDIOB) Coal demand per démamjjobintﬁﬂion Bt
SDL(NMAXDIOB) Skift factors for QDL (sez immediately above)
DTJL(NMAXPART.NMAXDJOB) | Coal demand requirement by coal type in million tons
‘THL(NMAXPART,NMAXDJOB) Coal assigned by coal type in million tons '
YDL(NINTIOBS) | Intermediate demiand list nsed for merge in trillion Btu
CDYRS(NMAXCIRK NFYRS) . | Utility contract demand in trllion Bru_._
EDYRS(NMAXEXPT.NFYRS) - | Export démand in trillion Btu
-BSRZR(NT OTSECI‘ ,NDREG) Rail route multlphers
BTR(NSREG-!-I NFYRS) Network ra:l rate multlpher
BTW(NFYRS) Network water rate multiplier
XCNCSET). - Contract demand in trillion Btu -

XTQNCSET)' | itity demand in trillion Bt o
XCﬁ(NCSET) ] ‘ Sum of contract ‘demand indexed by coal set (tnlhon Btu)
| XTH(NCSET) - Sum of utlhty demand indexed by coal set (tnlhon Btu)
IMPBTU(10.3.NFYRS) . Import Btu quantlty totals in trillion B
CSDISC(NSREG.NFYRS) | Productivity adjustinent factors
FRADI(NOTSECNDREG) - Fraction for three industriat sectors -

| QIND(2.NDREG) ‘ Industrial demand (1=exist, 2=new) .

. IMPTON(10,3,NFYRS) Tmport tonnage totals in mllhon tons -

TONN(10,3,NFYRS) ) ' Import tonnage in million tons
NODES(5,600) . Node names . :
SECTOR(3.NTOTSECT). Sectorname ©

: : F——




‘SBTU(NSREG, NCOALTYP)

Table A-3. Variables for c::mmon Block CDSCOMZ (COntlnued)

Btu conversion factor by supply regmn and coal type

.| CBTUMNSREG, NCOALTYP)

Carbon factor by supply region and coal type

SSUL(NSREG; NCOALTYP) Sulfur level by supply region and coal type
SULFPEN ' Sulfur penalty

| SULFCONT ~ | Sulfar content )
DVLBND ‘| Upper bound for lignite
DVSBND Upper bound for subbltummous coal
LIGCONST . . ° Lignite constraint '
SUBCONST Subbltmmnous constraint
DVCONT(90, NEYRS) Contract constraint ’
QPRbD(N SREG, NCdALTYP) Coal producuon (including adjustment for premmm coa])
' QPRODS(NSREG, NCOALTYP) Straight 34-curve productlon (exclndmg adjustment for premmm coal)
PNIPROb(NéREG,NCOALT?P) Vd:lt;e of coal from a supply region (mcludmg adjustment for premium

g CO

PMN(NSREG,NCOALTYP) Value of coal from a region.
COF(6) Coefficient for transportation equation
ESCAL . Transportation rate escalator | '
TITLE2(20)  Second title
COALNNCOALTYP) Coal type code .
SUPRGN(NSREG) Supply region \
DEMRGN(NTOTDREG) . Demand region
ISVR(NMAXCURYV) Supply region index '
ISVC(NMAXCURY) | Coal type index -
KSVNDINMAXCURV) Pointer to last active supply step
KCLR(NMAXCURYV) Linked-fis pointers to supply curves by coa type
MCLR(NCOALTYP) Top of the list for KCLR

.| IDLR(NMAXDIOB) - | Index of demand regmnbydemand job
IDLZ(NMAXDJIOB) -| Index of demand sector by demand ]Ob
IDLC(NMAXDJOB) Tndex of coal sets (groups) by demand job

-| IDLCNTOYMAXDIOR) Contract line pimber " ° .
JTPH(NMAXDIOB) Index of highest costroute
MTIQNMAXDJIOB) Number of ro;xte‘s for job
KXT(NMAXPART,NMAXDJ OB) Pointer to active route for démand job .
ISTIONMAXPART.NMAXDIOB) tte and

/

4 -—

| Coal set indices

: ICSET(NCSET.NCOALTYP)

Index of supply region by route and demand job
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Block CDSCOM2 (Continued)

NNCSET

Table A-3. Variables for COmmon
JTPL(NMAXDJOB) Indéx of lowest cost route
ICSR(NMAXDIOB) Contract supply region ,
KCNUR(6.NDREG) Tndices of coal sets for nonbility demands
IYLR(NINTIOBS) { Index of intermediate demand list region
IYLZ(NINTIOBS) Index of intermediate demand list sector _ >
IYLC(NINTIOBS) * | Index of intermediate demand list coal set
ICDINMAXCTRK) _Conuaciéd demand region '
MDLZ(NMAXCTRK) Index of contract sector

) ICS(NMAXCI‘RK) -| Index‘of supp ly reglon for conlract

. ICC(NMAXCI’RK)_ “Index-of coal set for contract
IEDR(NMAXEXPT) | Demand region index for export sector
IEDZ(NMAXEXPT) ] Demand sector- mdex for export sector
IEDC(NMAXEXPT) 1 Coal set index for export sector

. KCUR(NUTSEC.NDREG) ' Indlces of coal sets for. uuhty demands
ISUD(NCOALTYP) Coal type sulfur
JFEDINTOTDREG) Converts CDS demand region mdex to Census d1v1s10n mdex
ISEC(NT OTSECI')' Converts demand sector index to IFFS sector mdex

‘| NDRX - 'Number of demand reglons '

Number of coal set : \

| Table A4.’ Varlables for

COmmon Blocks for CPSICDS (sources CPS and CDS)

CPS_PENDI(300)

. )

. Energyinformation Administration/ Model Documentation: Coal Market Module

CDS_RECORDS Number of records in the file for the CDS
CDS: SR . Numeric region eode used in CDS file
CDS_DR Numieric demand region code (CDS file)
CDS_CT . Numeric coal type code (CDS ﬁle)
CDS_DS Numefic demandsectorcode (CDS file) _
CPS=NCUR i ) _Number of supply curves for CPS ’
CPS_REG(300) . Numeric regmn codes for CPS .
CPS_CTYPE(300) | CDS numeric éodes for coal types,
CDS_QTY ' - Coal shlpments in million tons
CPS'YINT1(300) .| ¥-Intercept for the first segmient of the supply curve
- CPS_SLOPE1(300) Slope for the first segment of the supply curve .
i Fmducﬁoﬁ at the end point of the first seggeﬁt of the supply curve

l
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.| Table A<, Variables for COmmon Blocks for CPS/CDS (sources: CPS and CDS) (Continued)

CPS SURCAP(SOO)

Producnon at the endpomt of the seconLgment of the supply curve

"1 CPS_RINTER2(300)

Constant in the supply curve

CPS_RMULT(300)

Coefficient in the supply curve

CPS_NMCUTIL(300,3)

CPS_MCUTILX(300, 3)

Exponent] in the supply curve
Exponent? in the supply éurve

CPS_YINT3(300) Y-Intercept for the-third segment of the supply curve
CPS_SLOPE3(300) Slope of the th1rd 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(BQO) Avergge sulfur content for the supply curve m lb/mlllxon 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 DRg 2000) | Numeric demand regon code for-capacity (CDS ﬁle)
P_CT(2000) | Numeric coal type code for capacity (CDS file).
P_DS(2000) Numeric demand sector code for capacny (CDS file) .
’P_QTY(ZOOO) Coal capacity in million tons

P_ISVR(300) Supply region index for capacity

P_'ISVC(BOO) Coal type index for cepacxty

P_KSVND(300) . Pomter to last active capacity etep

PWL_CURV “Total number of mpaclty 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) Aveiage Btit content for capicity cirve in million Bus/ton
P_SULFUR(300) Average sulfur content for capacity curve in Ib/million Btu .
FIRSTFLG ‘ Flag to control : sequence of capaclty calculanons
MCNT_REGION Supply region (marginal cost curve)

MCNT_CTYPE Coal type (marginal cost curve) )

| MCNT_REC Nurnber of record (marginal cost curve)

MCNT_PRICE(600) ‘Minemouth pricé (marginal cost curve)

MCNT_BTU(600) BTU conversion (marginal cost curve)

e
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Table A4, Varlables for Common Blocks for CPS/CDS (sources- CPS and CDS) (Continued)

" | MCNT_CAR(600)

Carbon factor (margmal cost curve)

| MCNT_SULF(600)

, Sulfur level (margma] cost curve)

MCNT_Q(600,8) Coal quantlty for each step.(marginal. cost curve) -
MCNT_P(600,8) Coal price for each step (margmal cost curve)
MCNT_FRAC(600) Mine type (marginal cost curve)
MCNT__'P-RbD(ﬁOO) -|- Production (marginal cost mrvé) .
'| MCNT_CAP(600) Capacity (margmal cost curve)
MCNT_STEP(8) | stepsize L oo
| pTARG(62,16) . | Targetprice ‘ S
PCNT_REGION Supply region (capacity curve)
PCNT_CTYPE - Coal type (capacity-curve). . ,
'PCNT.REC | Number of record (capacity curve)
| PCNT_PRICE(600)  ~| Minemouth price (capacity curve)

| PONT_BTU600) "BTU conversion (capacity curve)

| PONT.CAR(600) | Carbon factor (capacity curve)
PCNT_SULF(600) * | Sulfur level (capacity curve)
PCNT_Q(600.8) Coal quantity for each step (capacity curve)

| PCNT_P600,8) Coal price foreach step (capacity curve)
' PCNT_FRAC(600) Mine type (capasity curve)
I;C.I"IT_PROD(600) Production (capacity curve)
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Table A-5. Varlables for éommon Block CDSSHR (source: CDS).

CDSIN(NDREG.MNUMCR)- | Industrial sector share fictors
CRSIN(2,MNUMCR) Industrial type fractions (1=existing, 2=new)
CDSRC(NDREGMNUMCR) - | Residentizlicommercial sector share fastors
CDSMC(NDREG MNUMCR)®. | Metallurgical coal sector share factors
CDSUT(NDREG,12) Utility sector share factors '
NERC(NDREG) NERCindex -

CT-USED(16.32) Coal type used .

MAPCEN(NDREGH) Maps demand regions to .Ceﬁsus re ions
MAPCDS(NDREG) Ma;;s Census regions to demand regions

Table A-6. Variables for Common Block chFMGR_(s_oufces:ACPs and CDS)

'TUNIT Unit for WRITE statement
TUNITDB Unit to WRITE to the debug file
TUNITDS Unit to WRITE to the CDS file

FILE_ MGR | File manager

Energy Information Administration/ Madel Documentation: Coal Market Module
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Table A-7. Variables for Coal Module Output Common Block (source. CDS)

COTN_TM(LNUMCR,thIIMYR) Coal transportation ton-m:les
COPRCLOMMNUMCR,.MNUMYR) ] Supply of coal liquids
. COPRCLGOMNUMCRMNUMYR) Supply of coal gases
COIM(MNUMXR MNCLTYPE.MNUMYR) _ _Coal exports
' COIMP(MNUMXR MNCLTYPE.MNUMYR) Coal export prices |
COCCLQMMNUMCR.MNUMYR) Dehvered costs of coal liquids
COCCLGMNUMCR MNUMYR) Delivered costs of coal gases
' COSUP_C(MNUI\dXRWCLTYPE,MNUMYR) Coal supply curves .
COEIPRC(MNUMNR.MNIMYR) Utlhty coal pnce
. CLSYNGPR(17.MNUMYR) Coal synthetic natural Jgpﬁce
CLSYNGQN(17Z.MNUMYR) | Coal synthetic natu@gaﬂuanuty
CQSBB(3,MNUMYR). - _ }. Coal producuon (East,West Mlss, U. S ) in tnlhon
) ) ! Btu
_ CQSBT(?:_,MI;IUM‘YR); Coal Btu conversion factor for producuon in mxlhon
~ 3 ' | Btu/ton
CPSB(3,MNUMYR) Coal' mmemouth price in 1987 $/ton - :
., CQDBFI‘(MNUMCR,é,MNUMYR) -7 Coal conversxon factor for Consumpuon in mxlhon
Btu/ton . .
CQDBFB(MNUMCR,G,MNUMYR) Coal consumption in. n'illion Btu ]
CELNR(NDRBG,I\MIJMYR) VLS bituminous coal price by CDS regxons in 1987
N S $/m1lhonBtu i
PBDELNR(NDREG,MNUMYR) LS bituminous coal price by CDS regions in 1987
. . | $/million Btu
PBMELNR(NDREGMNUMYRj MS bituminous coal pnce by CDS reglons in 1987
. s SIN $Im11honBtu :
PBHELNR(NDREG,MNUMYR) . "HS bltummous coal price by CDS regions in 1987
_ o $/million Btu
PSCELNR(NDREG,I\M[MYR) a VLS subbnnmmous coa] pnoe by CDS reglons in
) L ) 1987 $/million Btu__
PSDELNR(NDREG,MNUMYR) LS subbnmmnous coal pnce by CDS regions in 1987
T X $Im1]110n Bt
' PSMELNR(NDREG,MNUMYR) - MS subbituminous coal pnce by CDS reglons in '
. 1987 $/million Btn
PSHEINR(NDREG,MNUMYR) - 1 HS subbituminous coal pnce by CDS regxons m
1987 $/m11hon Btu’ ~
PLCELNR(NDREG,MNUMYR) . VLS lignite coal price by CDS regxons in 1987
- $/million Btu
LDELNR(NDREG,MNUMYR) o LS lignite coal price by CDS reglons in 1987
$/m11hon Btu_
- Enorgymfonn:ﬁon Administration/ Mods! Documomaﬁon Coal Market Module -



Table A-7. Variables for Coal Module 0utput Common Block (Continued)

regions in Ib/million Bt

\ PLMELNR(NDREG,MNUMYR)' ‘| MS hgmte coal price by CDS reglons in 1987
$/million Btu . _
l_’LHEI.NR(NDREG,MNUMYR) 1 HS hgmte coal price by CDS regions in 1987
' ) - $/million Btu
BBCEINR(NDREG,MNUMYR) VLS bituminous coal Btu factor by CDS regionsin
. . 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 reglons in
million Btu/ton
, BBHELNR(NDREG,'MNUMYR) HS bltummous coal Btu factor by CDS reglons in
B ' million-Btw/ton
BSCEINR(NDREG,LINIMYR) | VLS subbituminous coal B factor by CDS regions
. _ ' ) in million Btu/ton
BSDELNR(NDREG,MNUMYR) ' | LS subbituminous coal Btu factor by CDS reglons m
. ' | million Btu/ton .
-BSMELNR(NDREG,MNUMYR) MS subbituminous coal Btu factor by CDS reglons in
million Btu/ton
BSHELNR(NDREG,MNUMYR) ‘HS subbituminous coal Btu factor by CDS regions in
million Btw/ton
BLCELNR(NDREG,MNUMYR) ) VLS lignite coal Btu factor by CDS reglons in’
, - million Btw/ton
BLDELNR(NDREG,MNUMYR) LS lignite coal Btu factor by CDS reglons in mxlhon
. Btu/ton .
BLMELNR(NDREG,MNUMYR) ‘MS lignite coal Bti factor by CDS regions in million
C Btw/ton
BLHELNR(NDREG,MNUMYR) . HS lignite coal Btu factor by CDS reglons in mllhon
' : ] Btu/ton
' SBCELNR(NDREG,MNUMYR) ' VLS bituminous coal sulfur factor by CDS regions in
: ‘ ' - Ib/millionBu
SBDELNR(NDREG,MNUMYR) . - LS bituminous coal sulfur fa.ctor by CDS reglons in
) Ib/million Btu’ -
SBMELNR(NDREG,MNUMYRj o MS bxtummous coal sulfur factor by CDS reglons in
. Ib/million Btu
SBHELNR(NDREG,MNUMYR) . HS bituminous coal sulfur factor by CDS regions in
ib/mxlhon Btu .
SSCELNR(NDREG,MNUMYR) ‘| VLS subbxmmnous coal sulfur content by CDS
: . regions inf Ib/million Btu
SSDELNR(NDREG,MNUMYR) -- LS subbxtummo_us coal sulfur content CDS regions in
) : Ib/million Btu
SSMELNR(NDREG,MNUMYR) MS subbituminous coal sulfur content by CDS
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| Table A-7. Variables for Coal Module Output Cominon Block (Continued)
SSHI-:LNR(NDREG,MNUMYR) -+ .| HS subbituminous coal sulfur content by CDS
s ) regions in Ib/million Btu__
SLCELNR(NDREG,MNUMYR) . > |-VLS lignite coal sulfur content by CDS regrons in
: A o _ .| 1b/million Btu L
VSIDEI_NR(NDREG,MIWMYR) S ) LS lrgmte coal snifur’ content by CDS regrons in
- ] . S Ib/million Btu -~ -

SLMELNR(NDREGMNUMYR) - .. | MS lignite coal sulfur content by CDS regionsin -

‘ - S . Ib/million Btu .

| SLEELNRONDREGMNUMYR) .. | HS lignite coal sulfur content by DS regrons in
- . S lblmrlhon Btu :

.

- Prices and quantities pnoduwd by the CDS occur throughout me NF_MS tables However, the bulk of domesticCDS _ *
‘output is ; reported in five NEMS tables-dedicated entirely to coal: Tables 16, 93, 94, 95 and 99. These reports are

Output and COmposmon of Reports

Current output from the domestic component of the, CDS falls into three categones

- o .The NEMS systemcurrently generatesﬁvedomesttccoalreportsmtheNEMS tablearray (Tables 16, 93
94, 9Sand99) : Lo S

e An output file @ CLCDS) that cnrrently contams 17 year-specrﬁc detailed reports These reports are
‘intended for use in model diagnosis, calibration and to provide detailed output for special studies. Only those

" currently operational are reviewed in this appendix. For dtagnosttc purposes, the reports o this file may be
generated for each iteration of the CDS )

e Asecondfile (@ CLDEBUG) contains output showmg the performance of the CDS Fortran code andi is used'
for diagnostic purposes. . ,

NEMS Tables

organized to show selected NEMS caal quantmes and pnces for each year in the forecast penod Table 16, "Coal .
Supply, Dlsposrtton, and Pnces shows: . ] ,

e - Production east and west of | the Mrssrssrppr River for four macro-supply regions, and the n‘aﬁonal total in .
. millions of short tons . X ) .

° Imports, exports and net imports, nlus total coal snpply in millions of short tons .

~

® Sector consumption for the resxdenttallcommmral industrial steam, industrial cokmg, and electric utility
plus total domestlc eonsumptron in millionis of short tons

. Annual dtscrepancy (mcludmg the annual stock change)

e Average mmemonth pnce in- dollars per ton (the dollar year is provrded)
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. Sectoral delivered prices in-dollars per ton for the mdustnal steam, industrial cokrng, and electnc uuhty-
sectors, and the werghted average for these three sectors

'@ Average free-alongside-ship price for exports iie., the dollar-per-ton value of exports at therr pomt of
* departure from the United States. . o

Table 93, "Domestic Coal Supply, Drsposrtron and Prices by Case occurs in a national version (where it repeats the -

consumption, delivered price and discrepancy numbers for the domestic coal consuming sectors that are shown in Table
16). In addition to sectoral consumption and prices; this table shows the regional origin of coal consumed for six

aggregated supply regions: Northern and Southern Appalachra, the Interior, the Northem Great Plains, Other West

and Non-Contrguous Table 93 excludes exports, .

Table 94, "Coal-Production and Minemouth Prices- By Region," provrdes annual summaries of national distribution
from the same aggregated supply regions used in Table 93, plus subtotals for five subregions: "Appalachia”, "Interior”,
"Western", "East of the Mississippi River", and "West ‘of the Mrssrssrppr River". In the lower half of the table,
mmemouth prices are shown in dollars perton for the same regions and subtotals

Table 95, "Coal Production By Region and Type" lists productlon in mrlhons of short tons per forecast year for the
ll supply reglons by coal rank and sulfur level

Table 99,”Coal Prices By Region and Type 'hsts mmemouth prices in real base year dollars per short ton for the 11
supply regions by coal rank and sulfur level for each forecast year. )

Other outputs from the CDS occur in a number of NEMS tables. National coal production, consumption, and exports
are reported in quadrillion Btu in NEMS Table 1, as is the minemouth price of coal in dollars per ton (Table 16).
Annual energy consumption for the Residential; Commercial, Industrial (both industrial steam and cokmg consumption
.are'shown) and the Electric Uuhty sector in quadrillion Btu are shown'in NEMS Table 2. Tablé 3  gives delivered coal
prices for these same sectors in-dollars per million Btu. NEMS Table 96 shows Btu conversion rates for coal
production (east and west of the Mississippi River, and the national average), and for coal consumed in the domesuc
NEMS sectors (Resrdentral/Commercral Industrial, Cokmg, and Electnc Uuhty) -

’

Single Year Detaiied Reports . t

These detailed reports begin with dmee summaries of the demands received by the CDS foreach sub-sector and regron

These demands, shown in trillions of Btu, are indexed to both the domestic CDS region and Census division in which

they occur by number. These summaries are divided i into a single-page report for the non-electric utility sectors, a

smgle-pagereportfor the 7 electncrty sub-sectors thatrepresent different boiler and sulfur coal categories, and a single-
. page report summarizing electric utility demandsby region, coal rank category, and coal sulfur level.

'The nonuuhty demand report is structured as follows, reading the columns from left to nght.

® (Censusdivision mdex number, repeated to allow separate indexing of each domestic CDS demand region in
' each Census division, with subtotals for each Census drvrsron' the demand region index number

o Resrdenual/Commercxal demands, by regron

® .Demands for the each of the three industrial demand subsectors are listéd in three columns; then the total
industrial demand is listed in a fourth; the fifth column for industrial demand contams thei rmport supphes. :
"that'have been subu'acted from industrial demand .

@ Demands for the two metallurgreal subsectors are listed with-the subtotal for both subsectors and: the 1mport
supplres that are subtracted from metallurgrca] demand- 7

Eriergy Information Administration/ Model Documentation: Coal Market Module © 85

-~ . 4 -



L, -

is not priced in the model.

e

e Export demands for the export subsectors and the subtotal for all.export demands

e Total of all nonutility demand. . . ) . ’
The Nonutility Demand Report is immediately followed by the Utility Demand Report, again indexed by Census
division and domestic CDS$ demand region with subtotals by Census division. Here the columns represent demands .
in each of the 7 electric power utility sectors that are keyed to individual coal types: In comparing the demands in this
report with the supplies provided (which can be traced in the Detailed S\;_pply‘and Price Report discussed below), it -
should be noted that electric power demands can always be met by lower sulfur coals 1f itisless e?zpensive to do so.

The Utility Demand Report is followed by the Utility Summary Demand Report, which provides demand totals by
region for bituminous, subbituminous and lignite coals, and for low,:medium, and high sulfur coals. | ‘

The next report, the Detailed SupplyandPriceReport. describes each demand;netbythemoc'lelintheyeardescn’bed

" . and shows each increment of supply that contributes to every demand in millions of tons. The demands are shown in

* millions of short tons and trillion Btu. This report also contains the adjusted minemouth price for each participant, the'
otigin 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 about 13 pagesinlength, depending

on the year and scenario reported (usually one page per demand region).
_Following the Detailed Supply' and Price'Report, coal distﬁbutio.n is shownin a series of spreadsheefs where TOWS
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 shlpped and the minemouth, transport, and delivered prices
in dollars per million Btu. Currently, these reports are operational for the industrial, export, and utility sectors and for

. total coal distribution.

Thesereports are currently followed by‘ a spreadsheet "Total Transﬁortaﬁon-Report.“ As currently formatted, this report
shows only the tonnage shipped and the transport rate 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, respecﬁvely) by mine type. The
second shows the same items by coal rank; while the third shows them by coal sulfur level. .

These summary reports are followed by the Detailed Coal P;éducﬁoil Report, showing the production, minemouth
price, total energy content-and Btu conversion factor for each coal supply source used in the reported year. This report

is also formatted as a spreadsheet, with the coal types shown as rows arid the supply regions as columns.

The Detaled Production Report isfollowed by the Cerisus division Report, which shows sectoral étatistics 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 minefmouth, transportation, and delivered 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
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 subsectors. These reports are primarily of interest
‘ indiagnosingpmblgmsbeﬂveentheChdMandEbM since, in effect, they provide a concise summary of datareported
: ﬁ:oxee:;tensivelyinoﬂlerrepmts.T{m;repmtshavemiesampfdnﬁmasﬂieUﬁﬁtyDedecpond&wn%edabové. .

N

-
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Appendlx B

Detalled Mathematlcal Descrlptlon of the Model

_ The CDS model is specxﬁed as a Linear Program (LP) whxch satisfies demands at all points at the minimum overall
. total production cost plus transportanon cost. From the output of the model, it is possible to determine an optimum
pattern of supply. .

The, geogxaphlca] representanon of the domestic portion of the modelisa set of coal supply regions and coal demand
regions. Each coal supply region has a quantity of coal available for transport to demand nodes, in which the amount
" available is price dependent. The production cost assoclated with each quantity of coal available for dehvery includes
mining and coal preparatwn costs,

[

Matheinatical Formulation

The table of column activity deﬁmtlons and row constraints deﬁned in the CDS matrix mcorporates assumptions '
described in Section 3 on Model Rationale and variable definitions which are described in Append:x A. The general
structure of the matrix is shown as a-block dlagram in Table B-1.

The block d1agram format deplcts the matrix as made up of sub-matrices or blocks of similar variables, equauons, 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 o

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. ,

Ay

The CDS matrix currently contains several thousand rows (equanons) and column vanables (activities). The block
dlagram in Table B-1 is-a way of showing the matrix structure ina smgle table.

The mathematical specification for the CDS optimization program incorporates within its structure the opumzanon o
program for mtemanonal coal flows, which is discussed in Part II-B of this document.

i
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. CDS Linear Program Structure

'98 . ~ Energy Information Administration/ Model Documenuﬁon Coal Market Module

) Coal Distribution Submodule Block Diagram” \
' _Produce Coal | TransportCoal Row |RHS
QP;;.. QTyer =+ - - Type
P(SR)(UM)(S) T(SR)(UMR)(DR)(SEC)(C)
| Objective - - f4p et ‘ ' - Min
(Cost) ' - - .
Production . |+ . . |- EQ |000
fsespuMm©E©) - | . :
Demand |+ |EQ- |D
D.(DR)(SEC)(C) ‘ :
.Coal Type Constraint +1 |LE CS-
* , ! .
DV(C)(DR)(SEC) |
Contract Constraint * +1 1eE . |C.
C(SR)DR)(SEC)(C) . B P
‘Sulfui'Const'rai'nt*-,h s |iE. . |car
|suLFeEN.- | - , o
: Legend p = production cost D = coal demand
- t = transportation cost CS= coal type constramt
s = sulfur content T CAP = sulfur cap
LE=lessthanorequal - . C =contract constraint
_ GE = greater than orequal * = constraints for utility sectors only
" Index Definitions
® " Coal supply region _
@ . Coaldemandregion -
@®- I Demsnd sector ]
® Coal rank
) © Mine step - ‘
® o Minetypé .
w.. . . - Sulﬁ:!r'.level .



= C\olumnv Definifio_ns
. Table B.3. Column Definitions

Qs = ' Quanutyofooalﬁ'omstepsofthecoalsnpplycm'veproducedﬁ‘omcoalsupplyreglon
) 1andofsulﬁ1rleveluandmmetypet.

Qt,‘,_m = Total quannty of coal u'ansported fmm all steps of coal supply reglon ito coal demand region _], of
sulfur level u and rankr, for coal demand sector k. ,

Objective Function
' The objecuve function is to minimize dehvered costs (i.e., mlnemouth producnon, préparation, and transportanon

costs, and adjusted for, coal swnchmg ) associated with movmg coal from supply regions to demand regions and has, .
been defined for CDS as mlmmmng

BLEED RuaPuntBERLE TaeTe - - O

where the 1nd1v1dua1 terms of the equation represent the costs assoc1ated w1th the activities of production,
transportanon and coal switching and .

P T = Produétion or ininemouth price o
T o= Transportation price
Row Constraints - . y .

Balance the coal transported from each pto&ucing region against the coal produced.

2,2, QP!.u.u + I35, QTLix:» =0 . S : . . 2
Meet 1 the coal demands by rank and type 'A
Z,QTy, = anjx.r.u . oL - , | ®

The Coal Export Submo_dule constraints are set forth sepafétely in Part Il of this publication. -

¥
~

Output Variables =~ - . L

X,‘J Kut = Quannty of coal rank r and sulfur levelu that is transported from coal supply region i to coa.l import
region j for coal demand sector k. ’
Tl Upgy = Finalized (solution) delivered price (minemouth plus transportanon cost) toa specxﬁc sector in )

demand region i. This variable is the final optlmlzed value from the solunon to the CDS model.
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; Row and Column Structure of the Coal Market Module

Each column and row.of the lmear programmmg matrix is ass1gned aname 1dent1fymg the activity or constraint that .

" it represents. A mask defines the general or generic name of a set of related activities or constraints. For example, the
mask ‘P(SRYRXUYM)(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 Northern Appalachia, of bituminous rank, of compliance’ .
grade, from underground mines, and from existing mines (step 1 ofa supply curve) is represented by the eolumnvector
P(NA)(B)(C)(U)(I) S ) , .

Mask o Act'ivity‘Represented\i-: . |
. P(SR)(U)(M)(S) : s | Steoal (%;oductlon in supply region (SR), sulfur level (U), thine type M) and
~ - . step e
T(SR)(_U)(M)(R)(DR)(S)(C)- | 'I"tansportaﬁon from supply region (SR),sulﬁxrlevel (U),'mine type(M)coa]
- . _ SR rank(R) to demand region (DR) for demand sector (S) of coal type (C).
) PX.(SRI)(I) - o ‘Coal supply in intemaﬁonal supply re'gion(SRI) of step (D).
.‘IX(Sl)(DRI)(‘ﬁ) ' ' 'Transportauon from supply reglon (SI) to mternauonal demand tegxon (DRI
’ ' of coal type (TI) - o _
UX(DR)(SA) - ‘U.S..demaud region (DR) for export demand sector GR).
EXP(SD(TD) I (S'Iqu of exportsfrom supply.region (SI):tor diversity.of intér_national coaltype )
. IMP(DRI)(TI) : o ‘Sum of i lmports from demand regxon (DRI) for dwersxty of mternatxonal coal
- SeSRhHumwmo . - Coal produeuon in supply region (SR) of sulfurlevel (U), mine type (M), and
R  codtpe©. - R
DORGEOO . | fg)al demand from demand région (DR) for demand sector (SEC) of coal type °
. pV(C)(DR)(SEC) : _. S ", Coal constramt for coal type (C) demand reglon (DR), demand sector (SEC)
é(SR)(DR)(StZC)(C)-- ) i Conttaet constraint from supply region (SR) to demand region (DR) for
o - ’ demandsector(SEC)andcoaltype(C)
SULEPEN o | Sulfur peualty cotistraint. - o
BDX(DRI)(T_I) - D _ Ea%onba:ame row in internationa] de'ina'hd}e'gioa (i)RI) for expoi‘t coal type.
'SXX(SRI)(TI) N | ‘. _The supply ofcoa.ltype(TI)mmternauonal supply region (SRI)
.sDX(DAR)(S‘A)L‘- - | ,- '(I;:)sumofUS internal exports o portsmdemand region (DR) and sector.
.BSX(SI)('ITI) _ A ' Total coal supply for dxverslty of supply reglon (SI) of eoal type ('I'I)
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Mask ' .  Activity Represented

(SDDX(MOR)(TH . _' " Export demarid region (DRY) of coal type (TD). "’

VE(ST)(DRI)
VIDRI)(SD)

. Where,

DR U.S.DEMAND REGIONS

NE
. YP
SA

ZNEE 255%3@~

. NEW ENGLAND

NEW YORK, PENNSYLVANIA, NEW JERSEY . -
WEST VIRGINIA, DELAWARE, WASHINGTON DC., MARYLAND VIRGINIA, -
NORTH CAROLINA, SOUTH CAROLINA . :

GEORGIA, FLORIDA

OHIO

ILLINOIS, INDIANA, MICHIGAN, WISCONSIN

KENTUCKY, TENNESSEE

ALABAMA, MISSISSIPPI '
MINNESOTA, IOWA, NORTH DAKOTA, SOUTH DAKOTA, NEBRASKA, -
KANSAS, MISSOURI - .

TEXAS, OKLAHOMA, ARKANSAS, LOUISIANA

MONTANA, WYOMING, COLORADO, IDAHO, UTAH, NEVADA .
ARIZONA, NEW MEXICO

ALASKA, HAWAIL, WASHINGTON, OREGON, CALIFORNIA

SR SUPPLY REGIONS

NA
CA
SA
EI

WI

GL
DL
PG
RM

2N
AW

* ARIZONA, NEW MEXICO
‘WASHIM_}TON, ALASKA .

PENNSYLVANIA, OHIO, MARYLAND WEST VIRGINIA (NORTH)
WEST VIRGINIA (SOUTH); KENTUCKY (EAST), VIRGINIA
ALABAMA, TENNESSEE .

-ILLINOIS, INDIANA, KENTUCKY (WEST)

IOWA, MISSOURI, KANSAS, OKLAHOMA, ARKANSAS
TEXAS (BITUMINOUS) ’

TEXAS (LIGNITE), LOUISIANA

NORTH DAKOTA, MONTANA (LIGNITE)

WYOMING, MONTANA (BITUMINOUS & SUBBITUM]NOUS)
COLORADO UTAH
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Diversity e@on constfaiﬁt on suﬁply region (SI) to demand region (DRI).

Diversity import constraint on demand region (DRI) from supply région (SI).
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R COALRANK

'uc'umr-‘

' U SULFUR GRADE

" C
M.
.H

D
S

_ High: 3. 33 lbs SOX per mxlhon Bt

e e e - e e w o wa—nn oo

Lignite
Subbituminous
Bituminous o

Compliance: < 1.2 Tbs SOX per million Btu ‘ .
Medium: - > 1.2 but <3.33 1bs SOX per million B

\
\

Underground Mining

. Surface Mining

N1
N2
N3
N4
N5

N6~

N7

'.Ns.

1ST -STEP
2ND STEP

3RD STEP . .
4TH STEP- . . -~ . . .
STH STEP L
6TH STEP- -

7TH STEP ’ .

8TH STEP

SEC SECTOR

qmtiu#'w.uuwﬁch*maj"ﬂmunwb

. 102

- RESID/COM = RESIDENTIAIJCOMMERCIAL DEMAND

RESID/COM
IND STOKER

- INDPVC- . L

IND OTHER . ‘
PREMIUM COKING g 2
BLENDING COKING :
PREMIUM (METALLURGICAL EXPORT)
BLEND (METALLURGICAL EXPORT) -
STEAM 1 EXPORT’

' STEAM 2 EXPORT

“OLD” LOW-SULFUR ELECI‘RICITY . - :
“OLD"” MEDIUM-SULFUR ELECTRICITY . {

“OLD” HIGH-SULFUR ELECTRICITY . - - o
“NEW” LOW-SULFUR ELECTRICITY . . . T -
“NEW” MEDIUM-SULFUR ELECTRICITY - R
“NEW” HIGH-SULFUR ELECTRICITY

~ “SCRUBBED” ELECTRICITY
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*  EXPORT TYPE :
XIP Premium (Metallurglcal Export)
X3P Blend (Metallurgical Export)
X3S Steam 1 Export |
X4s " Steam 2 Export

SRI INTERNATIONAL SUPPLY REGIONS

. * COKING : N
. NWC West CoastCana.da 7

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 _ o
SFT- South Africa
INT Indonesia
HIT China
AUT Australia

SI GENERIC INTERNATIONAL SUPPLY REGIONS
US US '
.UA USAl . .
UG US Gulf . ’ ~
US Interior .
US Nongcontiguous
US West coast
US East coast
Canada
Columbia
" Venezuela’
Poland -
South Africa -
Indonesia ’ .
China
Australia - S
All of Russia , T

ALEEEERE T

.
Y
e

—
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UI INTERNATIONAL SULFUR LEVELS

1 Compliance
2 Medium

‘TI INTERNATIONAL COAL TYPES
. € Coking- '
T Thermal

DRI INTERNATIONAL DEMAND REGIONS
NIC .Canadalnternal :
SCC- Scandinavia
-."UKC - United Kingdom'
BTC  United ngdom (altemate)
GYC Germany :
OWC Other N. Europe
SPC  Iberian Peninsula
ITC Italy, ' '
. RMC E. Europe & Medit.
MXC . Mexico . -
LAC South America
JAC  Japan
. EAC EastAsia
. .CHC China, Hong Kong
" INC India ' 3
NET EastCoastCanada (THERMAL) ’
NIT  Canada internal
“SCT Scandinavia -
BTT  United Kingdom
GYT Germany .
© OWT Other Northem Europe
SPT  Iberia
" ITT  Taly .
RMT . EEuropeandMedlterranean - e
MXT -Mexico - , .
LAT South America ' + - ‘
JAT Japan .
EAT & EastAsia - L
CHT ChmaHong Kong (d1ff name) o - .,
JINT Ind_xa .
. UET USEastern -
. UGT, USGulf. -~
UIT  US Interior
UNT. US Noncontiguous
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Step 1
Step 1
Step 3
Step 4
Step 5
Step 6
Step 7

Step 9
Step 10

C COAL GROUPS

1 INTERNATIONAL SUPPLY STEP - .

Step8 -

1 Premium and Bituminous
‘2 Subbituminous

. 3 Lignite
, ""None -

’
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. | AppendlxD |
CDS Model Abstract

Model Name: Coal Distribution Submodule .

Model Acronym: CDS, . o
Descnptlon. United States.coal producuon, national and international coal t:ansportanon mdustnes ‘
’ Purpose Forecasts of annual coal supply and dlstnbuuon to domesuc markets

. Model Update Information: December 1997 ’ '

Part of Another Model

. '® 'Coal Market Module .

. ®  National Energy Modelmg System

Model Interface: The model interfaces w1th the following models: within the-Coal Market Module the CDS
- interfaces with the Coal Export Submodule and the Coal Production Submodule. Within NEMS; the CDS receives

Industrial 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. The CDS also receives macro-economic
-+ variables from the NEMS Macro-Economxc Actmty Module ‘

‘ Ofﬁcml Model Representative:

" Office: Integrated Analysis and Forecasting

Division: Energy Supply and Conversion - o
» Branch: Coal, Uranium and Renewable Fuels Analysis

Model Contact: Richard Newcombe

Telephone: . (202) 586-2415

chumentatioir

® Energy Informanon Administration, EJA Model Documentation, Caal Market Module of the National
" Energy Modeling System, February 1997 :

° ’Enetgy Information Administration, Model Documentatwn, Coal Market Module of the National Energy
Madelmg System, Part 111, April 1996. .

® Energy Informanon Administration, Model Dacumentauon, Coal Market Module of the Natwnal Energy :
Madelmg System, Part III, March 1995.

‘@ Energy Information Admlmstrauon, Modgl Documentation, Coal Market Moﬂule of the National Energy )
Modeling System, Part TII, March 1994. 4

o  Energy Information A&miniistraﬁén, "Component Design Repon, CoalDist::Ibuﬁon," Revised Draft- 1/19/93.

‘
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Energy Informanon Admrmstranon, Ovemew ofzhe Coal Market Module of I7ze National Energy Modelzng ;
System, April 1992 s g .

Archlve Medla and Installation Manual CD898 Annual Energy Outlook-1998. -

Energ System Descnbed by the Model. Coal demand drstn'buuon at vanous demand regxons by demand sector.

Coverage.

s

Geographxc: United States mcludmg Hawaii, Puerto Rleo, and the U S. Vlrgm Islands

. ;TMe nnitlFrequency. Annual forecasts for 1995-2020 period (26 years)

/

. Basic products involved: Bltnmmous, subbituminous and hgmte coals in steam and metallurglcal coal

markets.

Economic Sectors' Forecasts coal supply to 2 Resrdenna]/Commercral 3 Industrial, 2 domestlc‘
metallurgical, 4 Export, and 7 Electric Utility subsectors (a synthetlc fpel subsector is present but not
operanonal in the CDS) to 13 domestic demand regions. -

Special Featnres

All demands are exogenous to the CDS

Supply curves (there are 34 supply sources) depicting coal reserve base are exogenous to CDS and are
reported in the CDS from 11 coal supply regrons :

. CDS currently contains no descnptxve detzil on coal transportanon by different modes and routes.
_Transportation modeling consists only of sector-specific rates between demand and supply curves that are

adjusted annualiy for. factor mput cost changes

CDS S output includes tables of aggregated output for NEMS system and approxrmately 20 smgle-year reports

) provrdmg greater regional and sectoral detail on demands, productlon dlsmbunon patterns and rates charged.

Coal imports are treated asastatic mputthatxs subtracted from demand before solvmgtheCDS Imports are
reported to NEMS and detailed i in'some single-year reports. .

CDS reports mmemouth, transport and delivered prices, coal: shxpment ongms and destinations (by reglon

. and economic sub-sector), eoal Btu and sulfur levels

Modelmg Featnros

'Structnre. TheCDSusbs3400alsupply smneesrepmsentmg 12typesofeoalprodueedm 11 supply.
~ regions. Coal shipments to consumers are represented by transportanonratesspecnﬁctoNEMS sector and

supply/demand region pair, based on historical differences between minémouth and delivered prices for such

. -coal movermnents. In principle there are 7,956 such rates for any forecast year; in practice there are less since

S 12

'lmny rates are economically infeasible. Coal supplies are delivered to up to 13 demand sectors in each of the

13 demand reglons A single model run represents a single year, but up to 26 consecutive years (1995-2020)
may be run in an iterative fashion. Cumently the NEMS  system provrdes demand mput for.the 1995-2020

Modeling Techmque. The model unhzes almearprogrammmgthat minimizes dehveted eostto all demand
sectors. ‘ :

’
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.. Modellnterfacos R ' .

— The NEMS residential, commercxal, and industrial models provrde demands for those sectors while the
* 7 NEMS Electricity Market Module provides demands for the electricity generation sectors. The Coal .
Export Submodule of the NEMS Coal Market Module provides demand for the coal export sector. The
CDS provides:coal production, Bt conversion factors, minemiouth, transportation and dehvered costs

_ for coal supplies to meet these demands to the NEMS system.

— The CDS mterfaces with the mternalmnal component of the CDS to receive coal export demands.

— The CDS interfaces with the Coal MarketModules Coal Productlon Submodule to receive supply curves -

that specify the minemouth price in relation to the quantity demanded. In turn, the CPS receives

- production quantities from the CDS that are used to determine mine capacity utilization percentages for

. each supply curve and to decrément the coal reserve base (to prevent remmmg of reserves already
depleted in a previous lterauon)

" ® InputData: -
. = Physical: .

—_— Demand shares by sector and region: (1) resrdennal/commercxal (trillion Btu), ) mdustnal
steam coal (trillion Btu): (3) mdustnal metallurglcal coal (tnlhon Btu); (4) import supplies
Co (mrlhons of short tons) ‘

—-—  Coal supply/transponatzon contracts: (l) coal supply regions; (2) coal demand regions; (3)
coal quality (Btu and sulfur content); (4) contract annual volumes (tnlhon Btu) &) conuact
expiration dates (forecast year)

'——  Codl quality data for supply curves: (1) mxlhon Btu per short ton; (2) Ibs. sulfur per million
~ Btu .

"y

—— Coal quallty speclﬁcauons for reglonal subsectoral demands in electncxty generatron and other
. Sectors

— Economic:
—_—— Supply curves 'telating minemouth pnces to cumulative production levels

—_— Transponatzon rates:’ (l) 1987 dollars per short ton; (2) specified by subsector, differ by
sector; (3) dlffer also by supply and demand region pair

e 'Transponatwn rate escalatwn factors: (1)-exogenons; (2) based on estimates of factor input
costs (labor, fuel, etc.); (3)usedtoes¢elateandde—ewalateuansportaﬁonmtesbyforemstyear

A Mmemouzh price adjustments: (1) canbe madeby supply region and forecast year; (2) cunently
used only by forecast year 3 used to ad_;ust for productivity change

—~"_ Transportation rate aabustments (l) can be used by demand sector and demand region; (2)
derived from off-line program that subtracts base year minemouth costs from delivered costs
reported in Forms EIA-3 and -5, and FERC Form 423 toproduceuansportrate calculates ratio
between modelrateandrateﬁ'omforms, preserverauoasmodelparameter (3) usedtoca]ibrate

rates in model

- Ecologlcal none
_ -
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. DataSonrces

.Form EIA-3, Quarterly Coal Consumption Report, Manufactunng 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 Electnc Plants"”
FERC Form 580, "intenogatoryonFuelandEnergy Purchase Practlces <
U.S. Department of Commerce, FormEM-545

U.S. Department of Commerce, Form IM-145 - .
Association of American Railroads, AAR Railroad Cost Indices (Washmgton, DC, quarterly)
‘Rand McNally and Co,, Handy Railroad Atlas of Thé United States (Chicago, IL, 1988)

L&scoart, John E ed 1986-1987 Fieldston Coal Tran.sponation Manual (Washmgton, DC, 1986)

7

" VOutpntDatw - SO ' e

— Physreal-Forecasts of annual coal supply tonnagec (and tnlhon Btu) by economrc sector and subsector
" coal supply reglon, coal Bt and sulfur content, and demand region.

— Economrc. Forecasts of annual mmemouth transportatlon and dehvered coal pnces by coal type
economic sector, coal demand and supply reglons :

" ‘Computing Environment:‘_

' Language:. FORTRAN S : " oo
" Processor: IBM RS/6000 . " o ) -
Input/Output Mode: Batch o )
Average Run Time: 10 CPU seconds for a smgle year .
Turnaround Time: 2 minutes to 1 hour " ey
. Average Comprle Trme 10 CPU seoonds o ' o

. ’

-Inhouse or Propnetary oL
.Inhouse .
Independent Expert Revxews Condncted
. Independent expert reviews were oonducted forthe Component Desrgn Report, whxch was reviewed by Dr. Charles
f.:;s]t;dg gf the Umversrty of lllmors and by Dr. Stanley Suboleslo of the Pennsylvania State Umversrty during 1992

Statns of Evaluation Efforts Conducted by Model Sponsol" No formal evaluation efforts other than the above
.reviews have beenmadeatthedateofﬂns writing. : ]

. LastUpdate. The CDS 1supdatedannuallyforusem supportofeach year sAnnualEnergy Outlook The version
described in this abstract was updamd September. 1997 ' :

References: Previous documentation edmons are llsted with the component desrgn report above, on the ﬁrst and "
second pages of this model abstract. ‘ ‘
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Data SOuroes B

Appendle . : ‘7 ;

Data Quallty and Estumatlon

EIA maintains 2 number of annual surveys of coal productxon and distribution. The agency also has access to several
data surveys collected for the Federal Energy Regulatory Commission (FERC) that report the fuel purchase and
delivery practices of the Nation's electric utility sector. Other information comes 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 aetmty supplement these sources. .

®
,

Form EIA-3, "Quarterly Coal Consumptxon Report—Manufacumng Plants ‘covers 97 percent of coal
receipts to industry (Form EIA-6, below): coal stocks, dehvered pnces and consumptron

"Form EIA-SA, “Annual Coal Qualrty Report - Manufacturing Plants”, surveys heat, sulfur and ash content
of coal receipts delivered to industrial steam coal consumers by consumptron location and state of origip. °

Form EIA-5, "Coke Plant Report” covers 100 percent of eoal tecerpts at coke plants: oonsumptlon delivered
prices, and stocks.

Form EIA-5A, “Annual Coal Quality Report Coke Plants”, surveys volatrhty, sulfur and ash content of coal
receipts delivered to coke plants by consumpuon location and state of origin.

. Form EIA-6, "Coal Distribution Report” covers 99percent of producuon (Form EIA-7A, beIow) dxstn’buuon

from mine to consumer by economic sector, u'ansport mode, and tonnage

Form EIA-7A,"Coal Productron Report" covers 5, 000 coal producers and reports producuon, minemouth
prices, coal seams mined, labor productivity, employmént, 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" basis.® -

Form EIA-759, "Monthly Power Plant Report, covers 100 percent of electncrty generatmg plants with 50 .
megawatts (MW) or more of capacity, reportmg consumption and stocks.

FERC Form 423, "Monthly Report of Cost and Qualrty of Fuels for Electric Plants” covers power plants wrth
capacity of 50 MW or more and reports dehvered cost, recelpts ash, Btu, sulfur (”As Received” basxs), and
sources. ‘ ,

. FERC Form 580, "Interrogatory on Fuel and Energy Purchase Practices”, is a blenmal survey of investor-

owned utilities selling electricity in interstate miarkets and ‘having capacity over 50 MW; coverage of

, contractual base tonnage, tonnage shipped, ash, Btu, sulfur and moisture ("As Received" basis), minemouth

price, frelght charges, coal source and destination, sh:ppmg modes, transshipments (1f any), and drstances.

Form EM 545 from the Census Burean 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.

14

DEnergy Information Administration, Coal Productwn 1984, DOFJHA-0118(84) (Washmgton. DC, Novcrnber 1985), Appendrx C.
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Data Gap’s -

[OOSR, et e — [ NENTOUSPPIISERSEE R4 R - et —m U

‘The resoumes that ate available to support the NEMS CPS and CDS mclude a series of databases that are valuable |
for their national scope and Census-like coverage. However, as shown in Table E-1, no data are routinely collected

- on the quality of coal produced at the mine or the minemouth price for coals of different quality levels: While EIA
. publishes data identifying thé tonnage of expofted coal mined in each State and theDepartment of Commerce collects .

data on the tonnage exported (by port district), ﬂaerearenodatatoldennfymgﬁaetonnagefromeachmlmngStateﬂmt
is exported at each port of exit. Also, there are currently no data describing the minemouth price for coal deliveredto .
anyofﬂaewonomcwetommodeledlheFERCFom423togeﬂxerwm1ﬂ1efonmElA3AandEIA -5A now provides
meonlycoalquahtydataavallable which is restricted to the electric utility, industrial steam and coking coal sectors.
Coals consumed by thesesectorsareknowntod1ffermquahty fromeoalsdehvered to sectors currently unsurveyed

- (the Residential, Commercial, Export Metallurgical and Export Steam sectors) However, the unsurveyed sectors -

currently constltute only about 10 percent of annual coal productxon -

*Available data on coal transportatxon rafes are restncted to the nonpropnetary data collected on FERC Form 580 In

addition to the withholding of proprietary data on the survey, its coverage istestricted toa portion of the electric utility
sector that excludes both some of the largest and many of the smaller eleciricity 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

. mmemouth 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 allows estimation of different rates for each sector in each demand region, -
but—even if data for more remote historical years were used—can.do little to provide transponatlon rates for routes .
that have not-been used. More than half the routes indicated by the CDS supply and demand reglon classification

structures have not been used for coal carriage in significant quantlty in the last 50 years. In the version of the CDS
documented here, rates for these routes have been syntheswed using available data on tariff rates and analyt1cal i
Judgment. wlnle others that are unhkely to be used are glven dummy values to prevent their use. :

The general avaﬂabzhty of coal-rela.ted data that were used to build and callbrate the CDS for the Annual Energy

Outlook 1998 is summarized in Table E-l wluch shows the entire EIA data frame as it has been avaxlable during the .
NEMS constructlon and cahbratxon penod
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. A_ppe”ndi.x F .
CDS Program Availability

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

-
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 Part IIl-B—Coal Distribution Submodule
o ~ Model Documentation
“(International Coal Trade)
" 1. Introduction
Statement of P'urpoéé_- | - ‘

The purpose of this report is to define the objectives of the modeling approach used to forecast international -
coal trade in the Coal Distribution Submodule (CDS), 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
mode] 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). : . ‘ o

| Model Summary

- The international component of the CDS projects coal trade flows from 16 coal-exporting regions (5 of which'
are in the United States) to 20 importing regions (4 of which are in the United States) for 3 coal types—coking,
low-sulfur bituminous, 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. i'epresented, as well as countries that could become major coal exporters (Colombia,
Indonesia, Venezuela, and China): ’ : -

v

Model Archival Citation and Model Contact
. The version of the CDS documénted in this report is that archived fdr the forecasts, presented in the Annual
Energy Outlook 1998. - ) . i
" Name: Coal Distribution Submodule~International Coal Trade Flows
Acronym: CDS - ’ L. T
Archive Package: NEMS98 (Available through National Technical Information Service.) '
Model Contact: Mike Mellish, Department of Energy, EI-822, Washington DC 20585 (202) 586-2136 .
Report Organization _
This report describes the mddeling approach used in the Coal Export Submodule. Subsegiient sections of this
report describe:: , - ) L L
® The model objective, input and output, and relationship o other models (Chapter 2)
® The th;-.oreticai api)roach, assumptions, and other approaches (Chapter 3)
® The model structure, including key qomputéﬁon; and equations (Chapter 4).
. An inventory of model inputs and outputs, detailed mathematical specifications; bibliography, and model
abstract are included in the Appendices. S ’ T
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.. 2. Model Purpose and Scope
'Model Objectives

The objective of thé international component of the CDS is to provide anmual forecasts (through 2020) of world
coal trade flows. Coal supply in tie international area of the CDS is modeled through the incorporation of 3

" coal types (Table 6) (unique combination of héat and sulfur content) and 16 geographic supply regions (Table

7 and Figure 9). On the demand side, 2 coal demand sectors (Table 8) are modeled for 20 importing demand
regions (Table 9 and Figure 9). The international component of the CDS also provides annual U.S. coal export
forecasts to the Coal Marke§ Module (CMM) of the National Energy Mo_deling'; System (NEMS).

" The 5 regions that define the geography of U.S. coal exports in the CMM are shown in Figure 9. - These .

regions represent aggregations of ports-of-exit through which exported coal passes on its way from domestic

supply regions to foreign consumers (Table 10). The U.S share of world coal markets is treated as a two-stage’

. optimization problem, with international demands being solved in the export portion of the model in which the
aggregated U.S. ports-of-exit account for 5 of 16 world supply regions, while in the domestic portion of the -
model, export demands occur in 8 of 13 domestic CDS demand regions and play the role of domestic

~consumers which find the optimal solution to the their demands for export coal within the domestic coal
market, using the 11 domestic coal supply regions as their sources. - : :

Four key user-specified inputs are required. They include coal import &m, 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 domestic area of the CDS which solves and returns the price to the international component of
-the CDS. . _— : C '

¥

—
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- - “Table 6. CDS Intematlonai Coal Supply Types

LT : Heat Content ' Sulfur Content . coﬁéspond‘iné NEMS
. Coal Supply Type (mmBtu/short ton) - (lbs.’lmthu) . CPS/CDS Coal Types
" premium Bituminous .. .. ... 225 <1.67 MDP, CDP
Low-Sulfur Bituminous "..... 220 but <25 <1.67 . CDB, CSB;, MDB, MSB
<0.60 css .

-Subbituminous ....ceeee.ns

215 but <20 ..

. Table 7. CDS Coal Export Reglons -

¢ ~
.

124

CONORHWN -

U.S. East Coast
U.S. Gulf Coast

U.S. Southwest and West

U.S. Northern Intérior

. U.S. Non-Contiguous

Aus}:ralia
Canada, Western

. Canada, Interior: .

South Africa
Poland -
CIS (Europe) -

" CIS (Asia)

China
Colombia =

: ‘Indonesia ' .
16 Venezugla

7~

" Steam

Table 8. CDS international Coal Demand Sectors -

.

Demand Sector

Acceptable Coal

Supply Types

Co}cing

Premium Bituminous

. Premium Bituminous

Low-Sulfur Bituminous,
- Subbituminous

:

t
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{ .
Figure 9. U.S. .'Eé(port and import Regions Used in the CDS \ .

Code | Aggregated Port Districts
. 1 U.S. Northern Interior
. E U.S. East Coast
, G | U.S.GulfCoast
=, w/ ¢ . w U.S. Southwest and West -
e I N U.S. Non-Contiguous
)
, .
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1

Table 8. CDS Coal Import Reglons

NOUHRON -

11

12
13-

14

15

16
17

- 18

119

20

126 -

U.S. East Coast
U.S. Guif Coast

U.S. East Coast

U.S. Guif Coast

:U.S. Northern Interior U.S. Northern Interior
. U.S. Non-Contiguous.  U.S. Non-Contiguous

Canada, Eastern
Canada, Interior

- Scandinavia.

UK/ireland

. Germény

"

Other NW Europe

Iberia

Italy

Med./E Europe

Mexico

- South America

Japan
"East Asia

China/Hong Kong

ASEAN

Indian sub/S Asia

Canada, Eastern
Canada, interfor
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
_ Srilanka _



", Table 10. Port District Aggregatloﬁ Used to Model U.S. Coal Exports

REGION NAME

PORT DISTRICTS *

CODE
I | U.S. NORTHERNINTERIOR -

‘Boston, MA .

Portland, ME-
St. Albans, VT'
Buffalo, NY
Ogdensburg, NY
New-York, NY

" -| Philadelphia, PA

Detroit, MI
Cleveland, OH
Duluth, MN
Pembina, ND . -
Great Falls, MT -

E . | U.s. EAST COAST

.| Baltimore, MD : )

Norfolk, VA
Charleston, SC
Savannah, GA
].’[- o’ FI_,

San Juan, PR

US Virgin Islands
Tampa, FL

G -~ | U.S. GULF COAST

Mobile, AL )
New Orleans, LA
Houston-Galveston, TX
Laredo, TX .

w U.S. SOUTHWEST AND WEST

El Paso, TX

Nogales, AZ .
San Diego, CA
Los Angeles, CA

-1 San Francisco, CA

Portland, OR

U.S. NON-CONTIGUOUS

4 Anchora e, AK -

Seattle, WA
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3. Model Rationale

* Theoretical Approach
The core of the international component of the CDS is a linear programmmg opummatlon model Tlus LP

finds the pattern of coal production and trade flows that minimizes the production and transportation costs of .
_ meeting a pre-specxﬁed set of regional net 1mport demands It does this sub_]ect to a number of constramts

] Export capaclty of- supply regions

e

" . Maximum share that any importing region can take from one supply reglon _
] Maxxmum share that any exportmg reglon will sell to one 1mportmg reglon
. ® Maximum shares of both high sulfur and subbltummous coal whlch each nnpornng region can take

¢ Maximum sulfur emission associated with imports for each i xmportmg reglon.

Fundamental Assumptions
The key assumptlons regardmg the mtemanonal area of the CDS are as follows

® Thecoal market is competmve In-other words, no large suppliers or groupmg of producers are able
_ to influence the price through adjusting their oulput. 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 percepuons of what the market canbear. In tlns situation the buyer gains the full consumer

surplus.

®  The market is always ina sustamable eqmlibrmm, as mpplxersadjust their capacities to exactly match .
demand. This mphes that there are no "barriers to entry and exit.

LR Theworldlsacomparanvelystaucone, andtherearenolmkagesbetweenpenods Thus, the results’
"of period t are not influenced by those in period t-l or any other past time periods.

" - @ Coal buyers (1mporung regions) will tend to spread their purchases among several suppllers 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 wiltdxversxfy their sales. ]

-

. Cokmgcoallstrwtedashomogeneous 'I'lus:sahero:c, butanecwsaryassmnpnon. Therearetoo
many .important quality parameters (ﬂmdxty, swell, expansion: characteristics, volatility, ash, -
phosphorus, and sulfur) and complex synergies to make a dxﬁ'erennated coal model workable.

T e Supphers sell at the same FOB price irrespective of who they are supplymg In practice, supphers
oftenﬁxdxfferentpncesdependmgonwhlchmarketmeyaresellmgmtoandwheﬂlerthecoallsbemg ‘
sold on'long term or-short term basis. .

® While subbmnmnous coal is included, its consumpuon is constramed by ﬂle capaclty of coal-fired
plants that can burn it'and the extent that itcan be substltutedlblended .
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}

‘@ SO, emission regulations are modeled in two ways. First, the share of thermal coal imports that can

© - besatisfied by high-sulfur coal cani be set for each thermal coal buyer. ‘Second, in order to capture the
effect 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 ahd Fl;easo_ns for.S_gle‘btibh oy

" A mumber of alternative approaches to modeling international coal trade incorporate other featies, such as
~ dynamic linkages, thie-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 deeExpert_System'(WOp‘I’_ES), o o .

The ICTM, a linéar 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.5! 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 systém of linear
. constraints that describe the physical, technical, and contractual relationships among the individual trade
activities represented.2 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 equilibfium methodology (which uses an -
advanced complementary algorithm) to determine tfade 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.. : o C

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 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. '

" Itispossible to examine the impacts of producers’ power, usinga competitive market model (such as the CDS)

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

~

* S1See Energy Information Administration, Intemational Coal Trade Model: Executive Summary, DOE/EIA-0444(EX) (Washington,
DC, May 1984)foradwcripﬁonofmcICl’Mmodelitselfandthetmdcrlyingsupplyandoognmnspo'naﬁonmodels. ' .
SFor a complete discussion of the ICTM solution see the following reports: Energy Information Administration: Description of
the International Coal Trade Model, DOE/EY/11815-1 (Washington, DC, September 1982); Mathematical Structure of the Iternational
* 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
(Wasmngmnv DC, July 19_84)- > . . . i ' \ . ‘ ' - .
SNational Research Council, The National Energy Modeling System (Washington; DC, January 1992), p. 58.
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and trade patterns. It doesn't however, throw any hght on what happens to the supphers 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 desxgned 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 specrﬁed separately for each .coal type with no possibility of cross-supply This is also too
restnctrve, because in practrce, thermal coal users are able to use coking coals. .

-

The CDSi mcorporates tlns linkage between the market segments. This is done by allowmg suppliers of cokmg

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, CDS takes a washery credrt off the cost of shxppmg "coking coal"
to thermal coal buyers

-

~ Energy information Administration/ Model Documentation: Coal Market Module B & O



V
f

N
'
\
v
Fa
. .
¥

'
'
N

~
.
2
.




4. Model Structure

The international component of the CDS is specified as part of the overall CDS Linear Program @’Pp). It
-satisfies demands at all points at the minimum overall "world" ¢oal cost plus transportation cost (Figure 10).
From the output of the model it is possible to determine an optlmum pattern of supply. -

Figure 10. Overview of the lntemé_tional Area of the CDS

Export " FOB
capacity Capacity
| cost
miliontons| | S$fon | : \ g R
. ) >' . i .,' 7 ‘ hd ) |
Net |- . |Seabome CIFcost | - Ocean _
. i trade .matrix " | freight .
_demand matrix for - © | feasible | cost '
sub-module 1 feasible routes sub-module
—_———— © - j— ‘supply 1—@4— C fe——
(in.mtce) sources | - © $fton
Sub- T - :
biuminous || Diversty S0, - aigh
I Constraints || Constraints ai
Constraints || - . Constraints

@ Means a conversion from tons to tons of coal equivalent.
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: Mam Subroutmes

.
-1

The functlons of the subtounnes for the mternanonal component of the CDS are descn’bed below. .

CcDs ] Mam contro]lmg subroutine.
‘ Em;

Purpose:

N

CDS is the driver subroutine for both me domestic and international components of the

" Coal Distribution Submodule. It uses a FORTRAN code controlling structure, NEMS

integrating model common variables, and its own internal variables to set up and process

" theLPand to update NEMS variables based on an optimal LP solution.

ESI!-lanQnSNone‘ : 'i.

Create LP Matnx

Creates thé rows and columns for both the domestic and mtcmanonal areas of the coal

- matrix for the first iteration in the first NEMS year. Allocates. computer memory and\ ,
. calls the OML subroutme WFOPI‘ to obtam an optlmal solunon

Converts mput supply in metnc tons to metnc tons of coal equlvalent

A

UBND = CAPYR¥(CV/12.6)

where, -
CAPYR . = coal capacity on each supply'stép (million me‘tﬂc tons)
- CV = Btu conversion for each supply' step (thousand Btu/lb)

The factor 12. 61sm1m1tsofﬂlousandBm/lb 'Ihlsfactorrepresentsﬁleheatcontentper

poundmametnctonofcoaleqmvalent (12.6 thousand Btw/1Ib = 27.778 million Btu per
metric ton of coal equivalent ---2204.623 pounds per metric ton).

. i Conv;erts costs from 1992 dollars to 1987 dollars in metric tons of coal equivalentg

H;owcosr=

((FREIGHT+FOBYR)*(12 6/CV))I(1992 GDP deﬂator/ 1987 GDP deﬂator)

: where, o _
FREIGHT = shipping cost (1992 dollars/metric ton)
- FOBYR = costofcoal on each supply step (1992 dollars/metric ton)
cvV . =

Btu conversion for each supply step (thousand Bru/lb) -
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RDCEX]N Reads international data from flat ﬁles for CDS matnx coefﬁclents

mm_s; Rwds freight rates, export mpacm&s, demands drversny sham conversion factors, and
- mﬂfurcontent for each coaltype ,

Equations: None.

 CREVISE Revise LP matix and aptimize : A

Purpose: Revxses the mternauonal pomon of the LP matnx ‘and obtains a new opnmal solution.

, Equations: Converts input supply in metric tons to metric tons of coal eqmvalent
| UBND = ouwm«wnza
where,

" CAPYR- = coal capacxty on each supply step (mﬂhon metric tons)
Cv . = Btu conversion for each supply step (thousand Btu/lb)

/ Thefactor 12.6 is in units ofthousandBm/Ib Thlsfactorrepmems thehmtcontentper
pound in a metric ton of coal equivalent (12.6 thousand Btw/Ib = 27.778 miillion Btu per
metric ton of coal equivalent = 2204.623 pounds per metric ton). :

Converts .costs from 1992 dollars t0'1987 dollars in metnc tons of coal eqmvalent
fﬁummmn_ o ' . .

((FREIGHT+FOBYR)*(12 6/CV))/(1992 GDP deﬂatorl 1987 GDP deflator)

where, _ '
FREIGHT = shxppmg cost (1992 dollars/mietric-ton) '
FOBYR =" cost of coal on each supply step (1992 dollars/metric ton)
Ccv = Bt conversmn for each- supply step (thousand Btu/lb)

CEXRPT  Produce international coal trade reports

Bumsg Extracts solution values for quantities and pm from the optlmal sohman and produces
formatted reports.

g E;mamms Trade ﬂows are reported in short tons using the Btu conversion factor for each supply
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o L AppenaiiA | |
_ - Inventory of Input Data, Parameter Es.ti'mates,'
- - and Model Outputs ’

Model Inputs

The inputs’required by the international component of the CDS 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 identifying 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.

- The user-specified inputs to the international component of the CDS are contained in six different input files.

These files and their contents are listed below.

CLEXSUP. This file contains the step-function coal export supply curves for all non-U.S. supply regions.
 The first column contains the international supply region and step identifier. The next four columns contain:
1) the export price of coal (minemouth price plus inland transportation cost) in 1992 dollars per metric ton for
'1992; 2) the estimated coal export capacity in million metric tons for 1992; 3) the heat content in thousand

BTUs per pound for all forecast years; and 4) the sulfur content in percent sulfur by weight for all forecast

years. The remaining 12 columns contain estimates of export prices and capacities for each of the coal export

supply steps represented in the CDS for the years 1995, 2000, 2005, 2010, 2015, and 2020. )

. CLEXDEM. This file contains the coal import demands by international CDS demand region and sector for
the years 1990, 1992, 1996, 2000, 2005, 2010, 2015, and 2020. - The first column in the file indicates the year
for the import demands contained in each row of the file. The remaining columns contain the coal import
demands in metric tons of coal equivalent for each specific combination of international CDS demand region
and demand sector (¢.g., JAC represents coking coal imports to Japan, and JAT represents thermal coal

" imports to Japan)., = . . ) : _

CLEXFRT.  This file contains a matrix of ocean transportation rates for coal shipments. The transportation-

rates are specified by international CDS demand region, supply region, and demand sector (coking and
thermal). - Each column heading represents a specific international CDS demand region, and each row
represents a specific combinatior of international CDS supply region and demand sector. The rates are’

specified in 1992 dollars per metric ton. . . ‘ , ,

CLEXEXS, This file contains U.S. coal export demands for the historical years of the forecast period. Each
row includes five indices at the left followed by eight mmbers representing annual dernands for coal exports
in trillion Btu for the years 1990 through 1997. From left to right these indices are (1) the domestic CDS -
demand region, (2) the international CDS demand sector, (3) the domestic CDS economic subsector, (4) the
CDS coal group from which supplies may be drawn (The organization of "coal groups" is explained below
in the discussion of the "CLPARAMS" input file in Part II-A of the CMM Model Documentation), and (5)
the international coal export region to which they pertain. ' L . .

CLEXIMS. This file contains the coal import diversity constraints specified as percent of the total coal import
demands. Each column heading represents a specifi¢ combination of international CDS demand region and-
demand sector (coking and thermal), and each row represents a specific international CDS supply region.
The constraints limit the portion of a demand region’s import demands by sector that can be met by each of
the individual supply regions. For example, an input of 40 for the JAT demand region/sector and US supply
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region combmatxon, mdxcates that only 40 percent of Japan ] annual imports of thermal coal can be met by
- U, S .coal supphers -

CLEXSOZ Th1s ﬁle contains the consu'amts for mgh -sulfur coal, subbxmmmous coal, and sulfur dioxide

* emissions. The first.column of the file identifies the specific constraints as follows: High Sulfur Percent: .

' poruonofanmtemauonalCDSdemandregmnsﬂlermalcoalnnportdemandﬂlatcanbemetbthghmﬂﬁlr
coal; Subbituminous Percent: portion of an international CDS demand region’s thermal coal import demand

- _thatmbemetby subbituminous coal; Paeentlnw-&nﬁ'urCoalScmbbed. pomonofanmtematlonal CDS

. demand region’s low-sulfur coal import demand that is scrubbed; Percent High-Sulfur Coal Scrubbed: -
. portion of an international CDS demand region’s high-sulfur coal import demand that is scrubbed; Sulfur
" Cap:cap on sulfur dioxide emissions specified in thousand metric tons. The remammg columns contain the
corresponding data for each of thie constraints for w,ch mtemauonal CDS demand region. These constraints
were not uséd for the AEO098 forecasts .

Model Outputs

The key output from mtematlonal area of the. CDS listed in Table A-2, is world coal trade flows by coal
~export region/coal import Ieglon/coa] typelcoal demand sector (in trillion Btu). Conversxon factors convert
-output from tnlhon Btu to short tons for report wntmg purposes. . )

. The mternat:onal component of the CDS provides annual forecasts of U S. coal exports and 1mports to the .
domestic d1stn‘but10n area of the NEMS Coal Market Module. & - -

. i
4
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Table A-1. .User-Speclfiég Inputs : .

Input L S CDSVariable  SpecificationLevel® - Unlts
CORI SUPPIY SIOPS « v v veeeeeeeenensienennnennnn., FOBYR Coalexportregion/ ~  Dollars per
: . . .~ coaltypefforecast . . - melicton
Coal shipments from step on a coal supply eui've ceeeew.. CAPYR - ~ Coal eprn region/ - Miliion metric tons
‘ : . . . coal import region/ . o
coal typs/coat demand
. , ) - 8ectorfforecast year
Coallmportderhand B DEMAND- Coal import region/ - Million metrictons -
‘ . . . _ coal demand sector/ of coal equivalent
Ocean frelght rates ..... e, e FREIGHT- - Coal export region/ Dollars per’
. S : coal import region/ metric fon
coal type/coal demand
' " sactorfforecastyear -
anotterdlversﬂyeonstm!nts...................._ ..... IMPSHARE ‘ ‘Coal export region/ ~ Percentage *
= o coal import regiory
, . . ) forecast year -
EXpOter diversily CONSHFAINSS . .......................:... EXPSHARE - - Col export ragior/ Percentage
o . . . coal import region/
) . forecast year - .
Uimit on total SO, emissions ........ e e, . MAXSUL Coal import regior/ Thousand metric
: : ' i forecast year . tons
SO, emissions *pass-through* rate . . ........... eeu.. LSPCT " Coalimport region/ Fraction
. L HSPCT ’ coal demand sector/ )
Sulfur content assignment for coal supply curve . ........ SULCON " Coal export region/ Thousand metric tons
. . coal typefforecast of SO, emissions per
year ' metric ton'of coal
‘ i ) ) o R equivalent
Btu conversion assignment for coal supplycuve......... CV . Coal export reglon/ Thousand Btu per
. . T . - coal typefforecast - pound- .
Ma)dmixm share of high-sulfur coal imports . ...... eese. -HSMAX ) "Coal lﬁibo_rt_ reglor/ - Fraction
’ , - f .. . ~ forecastyear .
Maximum share of subbituminous eoal Imports ... eeennn ) SUBMAX . . Coal lmpori region/ """ Fraction

'f'—'oremmple. lnputsspedﬂedatﬁ:ecoaie@oﬁregioﬂeoa]typeﬁomcastyaarleval require saparats values for each supply region, coal ’
, and forecastyear. . . ’ - . .
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©_ Table A2. Outputs

© Output . . CDSVadsble = -Specification Level,, .- Units.
World 008l 176 flOWS « +s +«evceuvaeensononn-s SOLVAL . Coslexport region/ " Trillion'Btu
. ’ v coal import region/ |, . ’
coal typefcoai demand ~
. sector/forecast year
\ L =~
7
} ~ N ’
] 4
L ]
i b . Y ~
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Appendlx B

Detalled Mathematucal Descrlptlon of the Model

The international component of the CDS:is specified as phrt of the.overail CDS Linear Program (LP). It
satisfies demands at all pomts at the minimum overall "world" coal cost plus’ transportation cost. From the
. output of the model it is  possible to determine an optimum pattem of supply. :

. .The geographlcal representation of the "world" is a set of coal export regions and coal import reglons 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 transportatxon costs. This mode] is driven by fixed (mput) coal demands ‘which must
be satlsﬁed at the minimum overall cost.

The mathematical speclﬁcauon for the international coal trade opumlzatlonprogram mcoxporates the following o

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 supplymg coking quality coal to the steam coal market, based on a reduction in‘ceal preparation
requirements, is provided for through the adjustment of ocean transportation.costs for shipments of coking
. quahtycoaltothesteamcoalmarket. The model can-account for limits on total SO, emissions by coal import
region through the incorporation of a model constraint. A restriction regarding the maximum permissible sulfur
content of coal shxpments to an 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 mtematlonal coal trade matnx‘
+ incorporate assumptions described in Section 3 on Model Rationale and variable definitions which are
descnbed in Appendix A. The general structure of the matrix is shown as a block diagram in Table B-1. -

'IIhe block dlagram format depxcts 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 séction. Subsequent columns define sets of variables for the
producnon, u'ansportauon, 1mports and exports of coal. The table column labeled Row Type, shows the
equations to be maximums, minimums, or equalities. Each block witfiin 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 repment the physical limitations such as supply capacities or
demands.
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- Table B-1 Llnear Program Structure for Intematlonal Coal Trade -

Matrix Structure for Intematlonal Coal Trade

'I'Xi._m

UXis

,EXPI

P,

QT!J.U.u

RHS ./

Objective (Cost) | +p
EQN (1) :

+t

Production - 1 +1
| Shipping balance
-EQN(Q2) )

-1

EQN@)

+1 )

Supply balance | +1.
EQN@) '

+1.° |4

{US.expot .}
supply balance
EQN(S) - .

<1

+1

" .| Export
constraints
EQN(6)

+1

| =

Import ,
£
EQN()

+1

‘ac

.‘< ‘

. I a
EQN(®)

+1

U.S. export
| demand balance
"EQN(9)

-1

+1
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Production cost

‘Transportation cost -

Exporter Constralnt

ic:

MIN .

N |

- importer COrtgﬁalm
Demand

Minimize

1
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lndex.Deﬁnitions S
Indzx.Sthl lles&nnnon

(i) a Coal export supply region -
G - Coal export demand region . .A )
® ol iype (Thermal or Coking)
'(s) | Step on coal expoft éﬁpply curve
(E) " Coal export de:ﬁ}mq sectors ’
@®». - Coal export supply regiongs {U.s.)
@ " Sulfur level .
Column Definitions -
Column Notation: Desmp.unn ’
PXm_ ) , Quantity of coal from step s of export supply curve in expoxt supply reglon i of coal type
t > .
TX ' Quémlity of coal transported from supply region i to demand region j of coal type t.
UX, -  Quantityof coal exported from (U.S.) Demand fegion  of coal type .
EXP, " Sum of coal-exportf;dfﬁom supply r;egion i |
IMP,, . . Sumofcoal type t nnported from demand region _|
Qtyyxrn . Quantity of coal txanspoxted from Us) supply region1to demand regxon jof coal rank A
sulfur level u for: export sector k. .
Objectlve Function

. 'The objective function is to minimize dehvexed costs (e, mmemouth producuon, preparation; and inland
transportation costs plus freight transportauon costs) for movmg coal fmm export regions to import regions and
has been deﬁned as: X . .

EE,E PXs* Pm-*-z:i:,E,TXm Ti.}.t ; / L Lo | - (1)
where, ’

H

Py 1s the cost from step s of the export supply curve for coal from export reglon iof coal type t.

-

~  Energy Information Administration/ Model Documentation: Coal Market Module . 143



e e e e e o = s [ R,

| T, is the cost of uarrspor;afion coal -from export region i to coal import région j of coal type t..

- Row COnstralnts .
Balance of coal produced and transported from mternatlonal supply regions. » '
EPXm Erxm—o ~ ' . - ‘ ®
Balance of coal imported to intern_ationai demaad regione. ‘
: Balalrce of coalexponed.fr'om irrtemational suoply regions. . .’ | ‘
TR+ TUK, X T e
.Balance of coal transported and exported fromUS supply regrons ' ‘ “
W BTG =0 o ©
Export consqamtfrom supply regionstodenrand regions. .' . ’ ) ' »
'rmec EXP.<0 . SR ._ @
Import constraint on demand regmns ﬁ'om supply regions. . '
TH- IR, <0 I o
" Meet the coal demands. | o ‘ | ,‘ - | , | , | ;
ET=D, . . - o S " ®
where, PR o . ‘ )
D. - Iscoalixhportdemandforrrnportreg.ioﬁjofcoaltype't.- |

n

Balance of coal transported to meet export demands from U.S. export demand regions.

"zz'QTm&_v'UXn:O , - - : o (9)
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o Blbllography

/
a

Ellerman, Dr. A. Denny, Charles River Associates, Independent Expert Review of International Coal Trade
Model Version 2 (ICTM-2) prepared for the Energy Information Admrmstrauon (Washington, DC, June 1989).

Energy Information Admlmsu-anon, Armual Prospects for World Coal Trade 1991, DOE/EIA-0363(91)
. (Washmgton, DC June 1991) and pnor issues.

Energy Infonnauon Administration, Description of the International Coal Trade Model DOFJEIA/I 1 815 l
(Washington, DC, September 1982). - '

4 Energy Information Administration, Directory of Energy Infomzatwn Administration Models 1 992, DOE/EIA "
0293(92) (Washmgton, DC, June 1992). /

' EnergyInformanon Admrmstranon, International Coal Trade Madel. Executzve Summary, DOE/EIA-0444(EX)
(Washmgton, DC, May 1984).

. Energy Information Administration, International Coal Trade Model, Verswn 2 Prelzmmary Descnptzon, by
. erham Orchard-Hayes, June 10, 1985 , . )

_Energy Information Administration, Intematwnal Coal Trade ModeI—Verszon 2 (ICIM-Z) User's Guide \
(Washington, DC, March 1987).

‘Energy Information Admmrsn'auon, Mathematzcal Structure of the International Coal Trade Model
DOE/NBB-0025 (Washmgton, DC, September 1982).

' Energy Information Admmrstranon, Workmg Paper Requzrements for a National Energy Modelmg System -
{(Washington, DC, May 18, 1992) _

The George Washington. Umversrty, Department of Operations Research, Olzgopaly Theories and the
International Coal Trade Model, GWUIIMSEJSenal T-494184 "by James E Falk and Garth P. McCormick

© . (Washington, DC, July 1984).

Nauonal Research Couricil; 77ze National Energy Modelmg System (Washmgton, DC January 1992)

. Resource Econonncs Corporanon, WOCIES—WorId Coal Trade Expert System (Urbana, lL, 1992).
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AppendixD
‘Modeél Abstract

.. Model Name: Coal Disqibnﬁon 'Sublnodule (International Coal Flows)

Model Acronym: CDS i

Doscriptlon. The international component of the CDS projects coal trade flows from 16 coal-exporting regions
(5 of which are in the United States) to 20.demand or importing regions (4 of which are in the United States) for
3 coal types - premium bituminous, low-sulfur bitaminous, and subbituminous. The model consists of supply,
demand, trade and transportation.constraint components. The major coal producing countiies (United States,

Australia, South Africa, Canada, and Poland) are represented, as well as countries that could become major coal
exporters (Colombla, Venezuela, and Chma) : . .

Purpose Forecast intemational coal trade. Prov1de Us. coal export forecasts to the domesnc component of the -
Coal Distribution Submodule. .

Model Update Information: Noven_aber 1997
.Part of Another Model: Yes, optional part of: - ‘ . _ N ‘

® Coal Market Module o
® National Energy Modehng System y

\

Model Interface' The model can mterface with the fo]lowmg models: '
® Coal Distribution Submodule (Domestxc Coal Dlstnbunon)
Oﬁﬁcial Model Reprosentaﬁve'
Office: Integmted Analysis and Forecasting -
" Division: Energy Supply and Conversion
Branch: Coal, Uranium and Renewable Fuels Analysis _
 Model Contact: Mike Mellish
Telephone: (202) 586-213§
Documentation: } | ' - .
@ Coal Export Submodule Component Design Report Energy Informauon Admlmstrauon, Apnl 1993
Archive Media and Installation Manual

NEMS98.,-AnnualEnergyOzt_t,look1998 L o

" Energy Information Administration/ Model Documentation: Coal Market Module o 147-



Energy System Described by the Motlel_: _Woﬂd coal trade flows (Cokiag and Stea_m) ‘

Y
N

: Coverage:

. Geographic: 16 export reglons (5 of whlch are inthe Umted States) and 20 1mport reglons (4 of which
" areinthe Umted States) .

® Time UnitIFrequency. Each run represents a smgle forecast year Model canbe run for any forecast .
year for wlnch input data are ava.tlable

e Products' Cokmg, Tow-sulfur bltummous coal, and subbltummous coal

-

® Economic Sector(s) Cokmg andsteam "

Modehng Featm‘as

) Model Structure Satlsﬁes coal 1mport demands at the lowest cost glven spemﬁed supply and-
: transportauon B g

e Modelmg Techmque. The model is a Linear Progra.m (LP), Wthh sansﬁes demands at all pomts at the
'+ minimum overall "world" coal cost plus transportatlon cost and is embedded w1thm the Coal Market

Module..

L Spec:al Features The model is designed for the analysis of leglslatlon concerned with SO2 emlssmns
and the trade nonconventional coals (subbltummous coal) .

‘ . vInputData ' Non-DOE som'oes—Dr Guy Doyle, McClosky Coal Information, Ltd., Pubhshed trade
_ and.business journal articles, including Coal Week International, King's ‘International Coal Trade
Fmanczal Ti imes Intematzonal Coal Report World Coal IEA ‘

—_ Coal Import Demands

—  Coal Supply Curves

—  Diversity Constraints

—  Sulfur Emission Constraints : ’ L )
—  Subbituminous and-High-Sulfur Coal Constramts . o

/

DOE sources - none-
Computing Epvironment:l : -
e Hardware: IBM RS/6000
e OperatmgSystem Unix
® Software: FORTRAN
K Estlmated'l‘imetoRun' lCPUMm

'.0' Special Featuras None

s ~  Energy information Administration/ Model Documentation: Coal Market Module



Independent Expert Reviews Con;lucted

® Kolstad, Charles D., "Report of Findings and Recommendauons on EIA's Component Desxgn Report
Coal Export Submodule,” plepared for the Energy Informauon Adxmmsnauon (Washmgton, DC, Apnl .
9 1993). .

~

Status of Evaluation Eﬁ'orts Conducted by Model Sponsor: The mtematxonal component of the CDS is a
new 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 support of theAnnual Energy Outlook 1998.
No prior evaluauon effort has been made as of the date of this wntmg .

Referencos

° Energy Informatlon Adm1mstxatlon, Coal Export Submodule Component Design Repon (draft), Apnl
1993

e ‘Energy Information Administration, Model Documentation, Coal Market Module of the National
Energy Modelmg System, Part III, DOEJEIA-M060(94) (Washmgton, DC, March 1994)

® Energy Informatlon Adm1mstrauon, Model Documentatwn, Coal Market Module of the Natzonal
Energy Modelmg System, Part 111, DOEEIA-MO60(95) (Washmgton, DC, March 1995).

_ ® Energy Informauon Ademstratlon, Model Documentation, Coal Market Module of the National
"Energy Modelmg System, Part III DOFJEIA-M060(96) (Washington, DC April 1996)

o _Energy Informauon Admlmstrauon, Model Documentatzon, Coal Market Module of the National
~ . Energy Modeling System, Part 1I-B, DOE/EIA-M060(97) (Washington, DC, February 1997). '

-
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Appendlx E

Data Quallty and Estlmatlon

Coal ItnpoitDemana's are basically regmnal net 1mport demands for both colnng and thermal for snap-shot years
1996, 2000, 2005, 2010, 2015, and 2020 In both cases, demand is projected and domestic production i is
subtracted to give net imports, ! . .

Cokmg coal demand is generated accordmg to the followmg process

® The userassumes pigiron output (in million tcns), 'sp]it between blast furnaces equipped with pulverized
-, coal injection (PCI) and those without. Then applying a coke rate (expressed in tons per ton of hot metal)
" for the furnace without PCI, and a PCT rate (tons per ton of hot metal); an adjusted coke rate is calculated
for the furnaces equipped with PCL Multiplying the respective pig iron outputs by the corresponding
coke rates and summmg the results then grves total demand for blast furnace coke in million tons.

® An esnmate of any nonblast furnace coke (in million tqns) must be added to this ﬁgure to give 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 over rate (expressed as tons of feed coal per ton

of coke) to give the total demand for coking coal .

Steam coal demand is calculated separately for uuhty and: nonunhty sectors.

( : ’
: Utlhty sector coal demand is calculated accordmg to oneof two processes dependmg on whether uuhty coal bum
is affected or unaffected by load growth, and developments in noncoal capacrty

The followmg is the loglc where coal i is the "swing" generation type.

. ® Future electncrty demand is esnmated by applying an electricity coefficient of GDP growth and then
‘compounding theinitial year demand figure. The generanon reqmrementls then-calculated by addmg net
_ imports and subtmctmg uansmrssron losses '

® The next stage calculates generation from nuclear, lignite, onmulsron, 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 subn-acted fmm the generation requnement to glve
‘potential generanon from hard coal | plant. - -

® This potential-coal generatlon is then met successively by generanon from advanced coal plants
_ controlled coal plants (conventional units with desulfurization installations), and finally un-controlled
coal plants. In each case, coal generanon (calculated with reference to capacity and maximum load
factors) is compared with the remaining generation needed, and the plant is dispatched until either it -
reaches its maximum availability or demand is met. Any remaining generation requirement that is not
met after all the coal capacity has been fully dtspatched then is assumed to be met by oil plants

e Coalburnis then calculated by applymgthe nelevant average station eﬁcxencres to generatlon from each
" type of coal plant and- summmg the products. .

'/ e Inthe simplified procedure, coal generanon is calculated wrthout 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 generauon, so the model'user can check that coal generatton is reasonable. As in the previous
méthod, coal bum is calculated by applymg average statmn efﬁcxencles to coal generation. '

. Nonutility thermal coal use, exceptmg that for PCI mstallauons, is exogenously esttmated by the user for the ‘

- following three categones

o Cementm‘dustry oo . Y
® Other industry L - ,
® -Domestic usérs. . .
PCl coal use, whlch is calculatéd in the steel sector component, isthe product of output of blast furnace eqmpped

- with PCI and the average PCIi mjectton rate. .. _

‘Coal Supply Inpzds are potenual export supplies specrﬁed ona tranche-by-tranche (steps on supply curve) basis
- to enable users to build up a stepped supply curve. Up to tén franches are allowed for the major price sensitive
» supphers Coal quahttes (sulfur and Btu) can vary between tranches. - '

Cash and sustamable costs are burlt up for each snap-shot year accordmg to the followmg logtc

C e Run-of-mme cash costs are adjusted by washery yield (whtch is generally between 50-100%) and duect .
preparation costs are added to give the cash costs at the mine. Taxes and roya]tles, inland freight costs,
and port fees are then added to yield cash free-on-board (FOB) pier.costs. An allowance for caprtal :

“replacement (fequired to sustain mining operation)-is added to give the sustainable costs of" supply.
Where these costs areallcalculatedmlomlcmmncy,mthecaseofAusuaha, South.Africa, and Canada,
an effectlve exchange is apphed to convert costs into constant 1992 U. S dollars. :

Shipping Costs start froma matnx of feasible supply routes, and takmg mto account the maximum vessel sizes
that can be handled at export and imports piers anid through canals, a matrix of maximum vessel sizes.allowable
on each route is generated. Freight rates are then calculated on the basis of route dtstance and vessel size, usmg
the followmg formnla: :

RaIe(Slt) 15+(04* (65/Vs))*D)
where,
Vs

. Db

=" 'vessel size in thousand-dead wetght tons
= , .distancein thousand nautical mﬂes

Users can ad_;ust fretght rates usmg an add-factor matnx to take account of backhaul savings, canal tolls slow
unloading terms, etc. This add-factor matrix incorporates a $2.00/t "washery credit” which is subtracted from
every freight rate betwee_n a cohng coal supplier and a thermal coal buyer.
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Appendlx F

Optlmlzatlon and Modelmg lerary (OML)
Subroutlnes and Functions

* This appendix provides a summary of the OML routines that'are called by the international area of the CDS to _
set up the database, revise coefficients, solve the LP model, and retrieve the solution. OML is a proprietary
software package developed by KE‘I‘RON Management Scxence )

 WECNAME:

~ Energy information Administration/ Mode! Documentation: Coal Market Module

DFOPEN:  Opens: the data file for the LP problem :

DFPINIT: Inmahzes processing of the LP problem in the current database
 DFMINIT: Imtlahzes a database for mamx processmg

DFMEND: Terminates matrix processmg ‘

DFCLOSE:  Terminates processing of a database file

WEFDEF: " Defines the model space for the LP p'roblehl

WFLOAD: - Loads the matrix fof the LP prbblens into mehlory

. WEINSRT: Loads the starting basis for the LP problem |
WFOPT: Opumlzes the model ) -

WFPUNCH Saves the current basis intoa standard format file

" DEMRRHS: .Retrieves a nght-hand side va]ue ‘

| DFMCRHS:. Creates orchanges a nght-hand side value ,‘
DFMRBND: Retneves a bound value

a DFM(fBND:- Creates or changes a bound value o
DFMCVAL:  Creates or changes a coeﬁicxent for a: rowlcolumn intersection -
_DFMMVAL. Changes a coefficient for rowlcolumn mtersectxon if it exists .
DFMCRTP: . Declares or changes the row- ﬁype ' —

; WFSCOL: Retrieves solution values (e.g., acdvity, input cost, reduced chst) for a column vector
WFSROW: Retneves solutlon values (e.g., aetmty, dual values) fora ow
WFRNAME Retneves arowname o '

Rehjeves a column name.
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