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The F W S  coal m o d e l  w a s  developed t o  a i d  the  planning 
functions of the O f f i c e  of Fossil  Energy of the Departmmtof 
Eneqy. The model was desi- to  sinxilate the market penetration 
of processes that use coal to proctuCe limd fuels. To simulate 
market penetration, we  assme t h a t  t he  least cost  process w i l l  
have the la rges t  share of the market. To evaluate the fum 
imxglm! and costs for a process, we need t o  estimate the prices  of 
a l l  of the inputs and outputs for all of the coal processes and 
for a l l  of the ccgnpeting p-. After a literature review, we 
i d e n t i f i e d  2 6  types  of energy, by-products, and factors  of 
pradudion that are potential  inputs or outputs for a process. 
T h e  coal model simulates the supply and ikmaxl for the 26 types of 
g-0 

The coal m o d e l  input-tprt (I+) Structure has 13 seckms 
t o  produce the first 24 gods ( the las t  2 factors,  labor and 
capi ta l ,  are exgemus inputs). 'Be first 10 sectR)rs producle the 
f i r s t  10 goods, w h i c h  are  either primary o r  secondary forms of 
energy. Sector 11, the l iquid fuels  sector,  produces refined 
petroleum products and by-products, the goods from 11 to 2 3 .  
Sector 1 2  produces good 24, materials. T h e  final sector, Secrtor 
13, is cke trade sector. 

This report  provides an overview of the RANS coal model. 
After an introduction t o  the RAE(Is family of m o d e l s ,  w e  discuss 
some of the key design issues for the coal mcdel. To derrronstrate 
the flexibil i ty of the model, we adjust& the parameters and hpu t  
variables of t he  m o d e l  i n  an attempt to ~ p r c d u c e  the base case 
scenario published in the mt recent National Energy Policy Plan 
(NEPP) . The r e su l t s  demonstrated that the m o d e l  can create a 
scenario that is quite similar to the NEpp scenario. 





1. 3lmammIa 

This is the first of three volumes of the documentation for the 

f2ese2lrch and Develapanent Analysis plkxlelhg System (RAMS) coal model. The 

first volume is an ovewiew of the model and its results. The second 

volume is a user's guide, that discusses the input and ou tp t  data sets for 

the model. The third volume will provide an introduction to the 

methodology used to comet the algorithms used by the model. 

The RAMS cad model is the third in a series of models that are be- 

developed for the U.S. D e e  of Enerqy, Office of Fossil n-tergy. The 

first model, RAMSOIL, simulates the penetration of synthetic and 

unconventional oil into world markets. The second model, IPAMSGAS, 

simulates the penetration of synthetic and urxx>mrerrtional gas into world 

markets.2 The FWE Coal d e l  sirrmlat@s the penetration of sxaxxky types 

of energy (clean coal, electricity, and liquid and gaseous fuels) produced 

fm coal into the U N W  S t a t e s  market. RAMSOIL and RAPEGAS sirclulated the 

supply and demand for a single form of energy in several regions. ?he RAMS 

coal madel simulates the q l y  and d d  for many forms of energy in a 

single region; imports and exports of energy are sinnilat& by the trade 

t-xx.npmts of the model. 

Tkre RAMS family of mdels is designed to aid the plannhj functions of 

the Office. of Fossil Energy. The Office of Fossil Energy is supporting R&D 

to develop unconventional technologies that produce clean energy from 

fcssil fuels. Over the the conventional sources of crude oil and natural 

gas will be depleted and the uncomentional technologies will penetrate the 

market. The DOE staff must plan their R&D program so t h a t  t h e  

unconventional technologies are technically ready when the market wants 

ma. 
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I n  the last two decades, many reports have been written and m y  

models have been developed to forecast the future of energy markets. 

Despite these efforts, the world energy. markets have been repeatedly 

buffet& by surprises and &as. Since the large models are unable to 

forecast the future of e~1~er9y markets, the DOE planness have supported the 

dels . 
models are inter-ded to be used to analyze long-term trends in 

They are ipltemI& to be flexible d e l s  that can 

be used to easily create a wide variety of alternative scenarios. They 

have a long-term planning horizon (1985-2030) to simulate the future 

transition from conventional ts unmnvational fuels. They rn on 1m-R 

corrp3atible m i c r o - a m p t m  ard are user-friendly. The models are robust 

and can tolerate a wide range of values for the input parameters. The 

devel of fast compact models requires a disciplined approach that 

identifies ard simulates the essential features of the energy m k e t s .  

ly and d d .  

IL and were witten in WIUS 1-2-3 to make the key model 

assumptions and parameters visible to the user. SinCe a WIUS version of 

the coal model would be. too large to run on an IPM-Pc, the coal model is a 

hybrid model. LMPZTS can be used to allow the user to easily ckange key 

prarwW; and 'IURKI Pascal has been used to pesform the calculations of 

the model. 

The coal m a r k t  is cxffnplex. There are hundreds of types of coal, each 

directly or can be corrverted 

To bc3 used, coal must be 

with different properties. 

to a sxxxmhky fom of energy before final use. 

Tni.md, c l a d ,  , andconsurued. 

coal can be I 

The focus of the coal model is on the market penetration of 

~%Lthough msst caal is processes that use coal to produce liquid fuels. 
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plsed to make electricity, the DOE office that suplported the development of 

the coal -1 was planning R&D on processes that proctuCe liquid fuels fnxn 

coal. If the m o d e l  had been focused on the pathway from coal to 

electricity, the design of the mdel kllJuhd have had mre en@msis on the 

emissions of sulfiar and nitrogen oxides. 

Liquids can be produced froan coal either direcrUy or indi.lf.eccly. In 

the indirect process, a synthesis gas is produced from coal and liquid 

fuels are produced frsm the synthesis gas. The two inairect p- that 

have experienced the mst. developrent are the Fischer-Tropsch process and 

the Mobil methanol-to-gasoline process. The outputs from the 

Fischer-Tropsch process include gasoline, diesel fuel, fuel oil, and 

alcohols. The Mobil process produces gasolh. 

The direct process produces liquid fuels from coal without going 

through the gasification stage. The two direct processes that have 

experienced the most development are H - C o a l  and EDS. Both processes 

produce a broad s p e c k u m  of hydrocarbon liquids ranging f m  heavy fuel oil  

to gasoline to LEG. 

Both the direct and fndireet pro~esses produce valuable by-products. 

The b y - p m  include mthane, sulfur, arranonia, and carlmn dioxide. In a 

recent OIWL s m  of the process eco~anics of metharm1 frcrm Coal,’ the sale 

of CarfXHl dioxide redwxd the cost of ~ t h a n o l  by $1.00 per million EmJ. 

esign a model of the market for processes that produce liquid 

fuels f m  coal, we must identify all of the inputs, outputs, by-products, 

and cmpetitors for the proceses. In a recent study consider coal types. 

of the e c o d ~  of the E M  process,* the following types of coal were 

analyZed: 
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1. Bi - Illinois (No. 6, I%xkerey Mine) 
No. 8 ,  Ireland h) 

The five types of coal w e r e  identified by TapIlc, Tion, and mjne. 

For each good or service we c h x e  to nrodel, we must identify all of 

We quickly decided not tm model each 

Fke planned to 

Hcmever, we w e r e  financially 

Thus, we chose to model coal by rank: 

t h e  sources of supply and demand. 

coal mine or 

define coal types by rank and sulfur content. 

unable to develop the dab base. 

bitminous , subbitunrninous, lignib=, dmetallqical. 

coal prdueing region as a separate good. 

Currently, liquid fuels are produd from crude oil in the petroleum 

refining sector. In the future, aomentional crude oil will be deplew 

anpl unoonnrentiondl p- (coal, oil shale, tar sands, or heavy oil) 

will produce the liquid fuels. The petroleum refining sector provides a 

cantext for the market. penetration of proceses that produce liquid fuels 

f r om &. 
Petroleum refineries produce a broad spectrum of products. The 

Petroleum Supply Annual5 tabulates 22 types of refined products. 

combining 

By 

ories, we defined 9 types of refined p m - .  

After an analysis of all of the potential inputs and cutputs for the 

coal p- or their cxmptitOrS,. we identified 26 types of goods and 

services. Our list of 26 types of energy, by-products, and fackors of 

produdion is displayed W l e  1. Many economic models have capital, 

labar, energy, and materials as factors of production. We 'have expxded 

the smallest factor (esle;rw) into 23 t p  of e l ~ e ~ 9 y  and b y - p m ~ .  
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Table 1. ?&e Base Y e a r  Values for the F'admrs 
of proauction in the Coal Model. 

The physical u n i t s  are given in the table. 

The value units are billim 1985 dollars. 
The pri- un i t s  are billion $1985 per physical unit. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
le; 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

-1 I - Biazminaus - subbifxmimus 
Coal 3 - Lignite 
coal 4 - raetalluqical 
CYude Oil 
Dry N a t u r a l  Gas --- 
DiStrib~ted Gas 
l3ulk Electricity 
Distributed Electricity 
r,iquia petroleum Gases 
Gasoline 
Kerosene 
Distillate Fuel Oil 
Residual F W l  Oil 
N a p h t h a s  
Wricants 
pL3troleum Coke 
Asphalt 
Alcuhol 
sulfur 
hnmnia 
cartxxl Dioxide 
Materials 
W r  
Capital 

Quantity 

0.57 
0.19 
0.07 
0.08 
4.40 
17.28 
16.31 
6.87 
2.54 
1.43 
1.30 
2.50 
0.49 
1.05 
0.44 
0.16 
0.06 
0,16 
0.16 
0.02 
0.01 
0.02 
0.07 

4396.05 
2529.13 
1468.97 

units 

Billion Tons 
Billion 'Tons 
Billion ?bns 
Billion Tcms 
Billion -1s 
million (3u R 
Trillion cu Ft 
Trillion Ft 
Billion MWH 
Billion MWH 
Billion Basrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion &mx?ls 
Billim Tons 
Billion Tons 
Trillion Cu Ft 
Billion 1985$ 
Billion 1985s 
Billion 1985s 

Price 

41.31 
27.86 
12.67 
58.50 
26.76 
2.51 
3.81 
5.90 
50.47 
73.72 
23.50 
36.48 
36.50 
31.96 
24.40 
33.00 
33.00 
33.00 
33.00 
22.68 
65.00 
125.50 
1.00 
I. 00 
1.00 
1.00 

V a l u e  

23.68 
5.19 
0.88 
4.73 

117.83 
43 - 38 
62.16 
40.51 
127.99 
105.46 
30.55 
91.32 
17.75 
33.46 
10.71 
5.35 
1.96 
5.44 
5.12 
0.48 
0.74 
2.03 
0.07 

4396.05 
2529.13 
1468.97 

The model has three types of natural gas. Natural gas wells produce 

both dry natural gas and E. The gas pipeline industry buys dry natural 

gas at the wellhead and pmides transporteca gas to the electric utilities, 

tlne ial -or, and to the gas distribution companies. The gas 

distribution ccapanies buy transported gas and sell distributed gas to the 

residential, commercial, and t m n s p ~ t i o n  sectors. By haviq three types 

of gas, we can have three distinct prices for natural gas. 
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The mrsdel has two types of electricity. lEniEk electricity is sold to 

tk? industrial sector and to the electricity distributors. Distributed 

el&rkity is sdd to the residential, commercial, and transportation 

3.23. 

ialsVg tobe all of the gods  and services that are 

of enerqr and by-p?xxkl&. €or the 23 

to the economy are labor and capital, while the outputs are 

materials and the 23 types of enesgy and by-prxducts. 

we ass-mw that the p r i e s  of labor and capital are exogenctus and that 

the prices of the first 24 goods in Table 1 are determined by the 

interaction of supply and d d .  ly and demand for the 

24 grxxk, we will use m Inpult-Outyxlt (1-8) accountbg framework. The most 

r@c%nt and detailed 1-0 table for the United StateS has 537 sectors. For 

the coal m o d e l  1-0 structure, we collapse mst of the 537 types of goods 

sewices into our matlerials sector and d i s a m ~  the eneryy sectors. 

For example, the detailed table has one r for the p ion of both 

cx-ude oil and natural gas while the OOdL mcdel has one sector for crude oil 

and m~er 

Ta trace the 

r for the: procJtudion of dry natural gas and m. 

l 1-0 structure kas 13 sectors to produce the first 24 

The f i r s t  19 sectors prcx3uce the? first 10 goods in Table kn Table 1. 

E" 11, the liquid fuels secbr, p r o d u s  the 

Table 1 (W is both an input to and an output from the liquid fuels 

&r) . r 12 p m s  materials. The final sector, sector 13, is 

the izxx=de sec=tolr. 

f m  11 to 23 

The coalmDdel was designed to simulate the market penetration of 

The liquid fuels sector 

Initially, all liquid fuels are produced 

processes that  use coal to proctuce- liquid fuels. 

is the k y  sector in the rnodeP. 
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from crude o i l  and the l iquid fuels  sector is the combination of the 

troleum r e f i n i n g  indus t ry  and the  i n d u s t r i e s  t h a t  produce t h e  

by-prducts. Over th,  unacarrventional liquid fuels frum mal, oil  shale, 

tar sands, or  heavy o i l  w i l l  gradually penetrate in to  the l iqu id  fuels  

SeGtOr . 
?he hpts to the materials sector are capital, labor, materials, and 

19 of the 23 types of energy anl by-products (the types of energy that are 

not inputs are subbituminous coal,  l i gn i t e ,  crude o i l ,  and dlry natural  

gas]. The inpu t s  t o  t h e  trade sector a re  the  exports of gocds and 

sewices, while the outputs are the imports. 

f i r s t  11 s e c t o ~  are the energy q l y  side of the econcmy and the 

materials sector is the energy dawd side of the econmy. I n  each year, 

the energy supply is fixed w h i l e  the demand is ru3sponsive to price. T h e  

price is detemuned ' by requiPing that supply a d  demand balance for each of 

the goods. 

TO the speed of the calculation and t o  reduGe the complexity 

For 

le, i n  the 537 sector 1-0 table, the coal sector  has inputs from 

Idbar, capital ,  and 127 other sectors. In the coal rmdel, the single coal 

sector in the 537 sector table has been split into 4 sectors, but each of 

the 4 coal sectors has a single input - materials. The simplification of 

the 1-0 s W W  corresponds to the assumption that a l l  coal is produced 

b y a  service company. 

8 .  

of t he  data base, the 1-0 strucrture of the model has keen simplified. 

I n  the coal model, a l l  l abo r  and c a p i t a l  are used t o  produce 

materials. The inputs t o  the energy sectors a re  energy and materials. 

l4aterials are cxmsumd by the eneqy Sectors, by the materials sector,  and 
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by f i n a l  demand (GNP). Expensive e n e q y  requires more materials and 

r & s  me w. 

The overall architecture of is illustrated in Fig, 1. ?he 

cQr@ of me model is a equilibrium m d e l  of the supply and demand 

f o r  the 2 3  t - p  of apld by-pr-dum (see Table 1). Given input and 

output (14) coefficients for of the f i rs t  12 sectors and t he  levels  

1 can bal- supply and demand and of imports and exports, the core 

forecast prices and cpmtity of p 1 ~ ~ 3 ~ 3 5 0 n  for the 23 types of energy and 

by-products. The 1-0 coefficients fo r  each sector can be foreast. by a 

family of satellite Is. 

The design of the coal model has allwed a staged devel . Inthe 
f i r s t  phase, the core madel, the  satellite model for  the l iquid fuels 

sector, and the supply m o d e l s  for mal, o i l ,  and gas were devel 

the secod phase, international trade w a s  add& and a satell i te m o d e l  w a s  

developed for the end-use demand for ccwl and other farms of en@xyy. In 

the future, s a t e l l i t e  m o d e l s  could be developed for  the production of 

electricity, clean and high EKT.W gas. 

For a financial analysis of B-Coal process, the Pace Company used 

five of &els: 

1. l3xmmeeic Mcdel - A commercially available, large scale, fu l ly  

ixkegraw m x k l  of the United S t a t e s  em-. 

2. sectror- Is - sector demand madlels use inputs of a q  

prices and e@oncflrpis activity frcm the eco-tric d e l  and forecast 

energy consuorg3itispn by fuel type and region. 

Petrochemical Model. - Us- inputs from the ecomanetric madel, the 3 .  

4 forecasts for p-ecals. 
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Supply 
~ Demand 

S Coal Model 

c [End-Use Demand Model] 

{Liquid Fuels Model! 
Core Model 

Trade Model Prices 

1 I 

Fig. 1. The Structure  of the RAMS coal md. 
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4. 1 - A generalized LB model to forecast the optimum 

slate of fb.el and p M d c a l s .  

1 - G i v e n  the prices of crude oil and natural gas, the 

the pri- of r e f i d  p m ~  petrock.@Ini&S. 

m e  version of the five types of models used 

by Pace. 

For the eammic analysis of the E333 process report& in R e f .  4 ,  the 

Process Alternatives LP Model ( ) w a s  used to calculate tple Required 

Initial Selling Price (WISP) far each proeess option. For the economic 

analysis of the production of me-1 fm coal reported in Ref. 3 ,  the 

PRKP 1 was USBd to pesform a Di-M Cash Flm (El?) analysis of the 

pnxes; options. 

The Pace models and PAM are proprietary madels that could not be 

‘Phe PRP We1 was  available and was carefully 

A s  

long 

version is similar to . The short version gives 

the si- m 1 . t ~  as the long version; however, analytical formulas are used 

to speed the calculation. 

reviewed for this project. 

studied before the a(3F section of the coal m d e l  was developed. 

descrikd in Volume 3 ,  two versions of the B@F rnodel were  develaped: 

R e p -  are as satisfactory as Is for €?&E) plannirmg. @ o r i r p w r ~  

a set of rts is difficult, unless the reports use the same? assmptions. 

If a planner wishes to analyze the impact of a change in assumptions, 

rep- are not as helpful as models. The coal model provides a 

Dglevel playing f i e l d B D  far the analysis of process ions- All of the 

aptions are d m i b e d  in the sarw fomt and cxx[p3etE! Wer a cclmmon set of 

a ions. 
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coal model can identify "windows of opportunity." For a 

czal analysis, a s ions is used. In the coal 

for every  yea^- f r o m  1985 to 2030. As 

the relative prices evolve, the planner eakl identify "Windm~'~ where a 

process option will isl to penetrate the marjket. 

with stme Wts E m  the RAMS mal model. 

1 can be used ta model the market penetration of processes that 

produce liquid Wls f m  coal. In V01un-e 2, we will disczlss the detailed 

inputs and outputs for the madel. The m el forecasts 76 different 

variables. W i t h  so much detailed , the crverall results of the aoodel 

This repart will oaml. 

are not easy to identify. We will folxls on averall d t s  in this report. 
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2. MmEL REsIJIc3cs 

Peridcally, the DOE publishes a National Energy Policy Plan (NEPP) . 
The most recent NEPP was published in 1985.7 To demonstrate the 

flexibility of the RAMS axil mdel, we have adjusted the parameters and 

input variables and attempted to rcy?rochu=e the NEPP results. The primary 

inpzXt variables for the RAW3 coal model are the world oil price and the 

level of economic output. Values for these variables k~?re  &tained f m  

the NEpp reprt and are displayed in Table 2 of V o l m  2. 

To compare the results of the cad model w i t h  NEPP, we prepared the 

surmnary report Energy.Out (see Table 2). The sununary report displays 

primary energy consumption by energy type (oil, gas, coal, other, and 

total) for the period from 1985 to 2030. 

Table 2. The mta set Energy*aut. 

primary -ic conslrmption -. 
The Units are Quadrillion lsru and Billion MWH for Electricity. 

Y&?Zlr 
1985 
1990 
1995 
2000 
2005 
2010 
2015 
2028 
2025 
2030 

Oil 
30.920 
37.100 
36.821 
36.083 
34.343 
32 * 538 
31.526 
31.220 
31.033 
30 e 851 

Gas 
17.849 
20.604 
21.501 
21.807 
21.452 
20.495 
18.616 
16.90% 
16.484 
16.865 

caal. 
17.480 
21.526 
24.191 
27 385 
31.301 
36.545 
42.154 
47.981 
53.685 
58.473 

other 
7.710 
9.522 
10.629 
11.847 
13.200 
14.774 
16.299 
17.886 
19.531 
21.027 

Total 
73.960 
88.752 
93.141 
97.121 
100.296 
104.352 
188.595 
113 995 
120.734 
127.217 

Electric 
2.536 
3.132 
3.496 
3 e 897 
4.342 
4.860 
5.361 
5.883 
6.424 
6.916 

To create Table 2, we needed to deffne th@ amManrt of primary energy 

For the primary associated with each of the variables in the coal xl.lodel. 
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w i t h  oi l ,  we  th@ t ic pxmdu&ion and i m p &  of 

czrcdesil.aPldm. W e €  that base year &ha te  w a s  smaller than 

the vXi~e for 1985 h the .8 w e a d i i e i i ~ a x q y  

that llts of refinad prducts and we 

w e r e  s t i l l  4% smaller than the AQI. value. We used a multiplicative 

fa&r ta match the value. For natural gas the adjustment 

1.09, mile for coal the factor w a s  0.95. 

associated w i t h  the iqmrts  and 

The NEPP mprt includes renewable e m  (primarily wood.) t h a t  is 

in  the residential and industrial SeetOEs. Sime th i s  contribution t o  

prirnary emqy is not incl1~&~3 i n  the AER or i n  the RaMs coal model, w e  

subtracted t h i s  renewable energy f m  the NWP results. ;IL, estimate the 

mntrht ioaa CBE the "'cys3iler" ry (other is the sum of nuclear energy 

and renewable energy), WE mult~pl ied  the  e l e c t r i c i t y  production by an 

adj ust~imt factor. 

Estimation of the to t a l  ion of  primary energy requires a set 

of acxxmt iq  conventions. In addition t o  the issue of renewable energh~ in 

the residential, cxmmwcial, axti t r i a l  sect~rs, accounting amventions 

are ired for o i l  shale, t a r  sands, heavy o i l ,  and underwound coal 

cjasLfimtion. To avoid work of establishing a m t i m y  corrventions for 

the ional processes in the l iquid fue ls  m o d e l ,  w e  temporarily 

rClTlQV€!d kina from the lmodel by ing tlme intx-dudion year to 2040 for 

prscesses 7 t o  11 (see Appendix B of Volume 2 ) .  To  s imula te  t h e  

introduction of o i l  shale,  tar sands, and heavy o i l ,  we used the t w o  

generic processes in the o i l  

'The MEPP forcxast of o i l  t o  the FWE €orec!ast 

i n  Fig= 2. For batpL forecasts,  the long-term re su l t s  a r e  s i m i l a r ;  the 

cxmsmptian of oil i s  ahnost cQnstimt. %e greatest difference between the 
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ttJ0 forwasts (xxxrs in 1990. Although the NEPP forecast for 1990 w i l l  

probably be closer to the actual consumption, the mason that the FWE 

result  is higher than the NEpp result is irmteses ting. 

40 

------_--_C-.-.( 

\- 30 

20 

18 

8 
i98B 1998 2006 2830 

Year 

Fig. 2. Caparison of the RAMS Forecast of O i l  Consamption w i t h  the 
NEPP Fox-ecast (Quadrillion B?u per Year). 
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"he RIMS coal m o d e l  lllses 1985 y-r. I f  t h e  is no change 

fficients for the model w i l l  be constant and 

scenario, #e 

in griBp, the lt 

consumption of si1 w i l l  

o i l  price d- fm 1985 t~ 1990 and the by 23%. Thus, 

the coal model must f o m t  a large ixxmxse in o i l  . To develop a 

more realistic foremst, we should have a k a s e  year that. is before the o i l  

price? &OCAS h 1974 and 1979. 

We adjusted the &xt-mem the RAFTS m o d e l  t o  approximately match 

the NEPP r e s u l t  i n  2010. W e  adjusted the pr ice  e l a s t i c i t y  of the o i l  

demand by varying the cb parameters (see Volume 3 and t h e  data set 

coal .ht) e 

me m p  forecast of gas amsumption is cumpard t o  the RAMS forecast  

i n  Fig. 3 .  For both forecasts,  the long-term resu l t s  are similar; the 

forecast is always higher 

It is hi@- in 1990 for the sam reason as the 

It is higher in 2010 because 

ion of gas i s  almcst constant. me 
than the  N]EPP forecast. 

o i l  € o m t  (because 1985 is the base  yea^). 

the cb parai~em p m i d e  l imi t ed  contml of the price elasticity. 

t o  the ahiMs forecast 

i n  Fig. 4.  The t w o  forecasts are almost identical. In cmtrast to the 

in  demmd €or o i l  and gas, both forwas- show a large increase 

m e  m P  for-t of  esal ion is 

tion of coal. 

'IL'ke. t w o  forecasts are compared for ggother energytg i n  Fig.  5 ,  fo r  

tJtotal energyB1 i n  Fig.  6 ,  and for electricity in Fig. 7. For a l l  three 

 cas^^^ m e  differemces between the forecasts are small. For a l l  th ree  

eases, t h m  is a l q e  j3lcEmX in ion. 

F i g u r e s  2 to 7 demonstrate that t h e  WAMS coal m o d e l  can c rea te  a 

SOSB~~Q that is quite similar to the NEPP scenario. 



30 

20 

11B 

B 

-I- RAMS 

-+ NEPP 

11988 1998 2808 2010 2820 2030 
Y e a r  

Fig. 3 .  Comparison of the RAMS Forecast of Gas  Consumption w i t h  the 
NEPP Forecast (Quadrillion BTU per Year). 
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F i y .  4. Comparison of t h e  RAMS Forecast  of Coal Consumpt-ion with t h e  
N E W  Forecast  (Quadr i l l i on  BTU pe r  Year) .  

-- 
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30- 

20 

10 

0 

-I- RAMS 

-+ NEPP 

2030 1988 i99B 2000 20 10 2020 
Y e a r  

Fig. 5. Comparison of the RAMS Forecast of O t h e r  Consumption with t h e  
NEPP Forecast (Quadrillion BTU per Year). 
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F i g .  6. Comparison of the KAMS Forecast of Total Consumption w i t h  the 
NEPP Forecast (Quadrillion BTU per Year). 
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Y e a r  

Fig. 7.  Comparison of t h e  RAMS Forecast of E l e c - t r i c i t y  Consumption 
with t h e  NEPP Forecast  (Quadrillion BTU per Year). 
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