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The RAMS coal  model was developed t o  a i d  the  p l ann ing  f u n c t i o n s  
of the Office of Foss i l  Energy of the  Department of Energy. The model 
was designed t o  simulate the  market penetrat ion of processes t h a t  use  
c o a l  t o  produce l i q u i d  f u e l s .  To s i m u l a t e  market  pene t ra t ion ,  we 
assume t h a t  the l e a s t  c o s t  process w i l l  have the  l a r g e s t  sha re  of t h e  
marke t .  T o  e v a l u a t e  t h e  f u t u r e  income and cos t s  f o r  a process,  we 
need t o  estimate the prices of a l l  of the inputs and o u t p u t s  f o r  a l l  
of  the  coal  processes and f o r  a l l  of the competing processes.  After a 
l i t e r a t u r e  review, we iden t i f i ed  26 types of energy, by-products ,  and 
f a c t o r s  o f  p roduc t ion  t h a t  a r e  p o t e n t i a l  i n p u t s  o r  o u t p u t s  f o r  a 
process.  The coal  model simulates t he  supply  and demand f o r  t h e  26  
types of goods. 

The coal  model input -output  (1-0) s t r u c t u r e  h a s  13  s e c t o r s  t o  
produce the f i r s t  24 goods ( the l a s t  2 f a c t o r s ,  labor  and c a p i t a l ,  a r e  
exogenous inpu t s ) .  The f i r s t  10 sec tors  produce t h e  f i r s t  PO goods , 
which are  e i t h e r  primary o r  secondary forms o f  energy. Sector 11, the 
l i q u i d  f u e l s  s e c t o r ,  p r o d u c e s  r e f i n e d  p e t r o l e u m  p r o d u c t s  and  
b y - p r o d u c t s ,  t h e  goods from 11 t o  23. Sector 1 2  produces good 2 4 ,  
mater ia l s .  The f i n a l  s ec to r ,  sec tor  1 3 ,  is the t rade sec to r .  

The o v e r a l l  a rch i tec ture  of  EUMSCOAL fea tures  a core model and a 
family of  s a t e l l i t e  models. The core model is a g e n e r a l  e q u i l i b r i u m  
model o f  t h e  s u p p l y  and  demand f o r  t h e  2 3  t ypes  of energy and 
by-products. Given 1-0 coef f ic ien ts  f o r  each of  the f i r s t  12 s e c t o r s  
and t h e  l e v e l s  o f  imports and exports ,  the core model balances supply 
and demand and forecas ts  pr ices  and quant i ty  of production f o r  t h e  2 3  
types of energy and by-products. The 1-0 coe f f i c i en t s  f o r  each sec tor  
a re  forecas t  by the s a t e l l i t e  models. 

This report  presents  the equations f o r  the core model and fo r  a l l  
of the ex i s t ing  s a t e l l i t e  models. The supp ly  models ( o i l ,  g a s ,  and 
c o a l )  c a l c u l a t e  t h e  1-0 c o e f f i c i e n t s  f o r  the f i r s t  6 sec to r s .  The 
l i q u i d  fue l s  model c a l c u l a t e s  t h e  c o e f f i c i e n t s  f o r  s e c t o r  11. The 
e n d - u s e  model c a l c u l a t e s  t h e  c o e f f i c i e n t s  f o r  s e c t o r  1 2 .  The 
remaining sec tors  ( 7  t o  10) have f ixed coe f f i c i en t s .  

ix 





This  is the third volume of the documentation for the Research and 

Development Analysis Modeling System (RAMS) coal model. The first volume 

is an overview o f  the model and its results. The second volume is the 

user's guide. This volume will provide an introduction to the methodology 

used to construct the algorithms used by the model. 

The RAMS coal model was developed to aid the planning functions of the 

Office o f  Fossil Energy of the Department of Energy. The model was 

designed to simulate the market penetration of  processes that use coal to 

produce liquid fuels. Liquids can be produced from coal either directly o r  

indirectly. In the indirect process, a synthesis gas is produced from 

coal, and liquid fuels are produced f r o m  the synthesis gas. The two 

indirect processes that have experienced the most development are the 

Fischer-Tropsch process and the Mobil methanol-to-gasoline process. T h e  

outputs from the Fischer-Tropsch process include: gasoline, diesel fuel, 

fuel o i l ,  and alcohols. The Mobil process produces gasoline. 

The direct process produces liquid fuels from coal without g o i n g  

through the gasification stage. The two direct processes that have 

experienced the most development are €3-Coal and E D S .  Both processes 

produce a broad spectrum o f  hydrocarbon liquids ranging f rom heavy fuel oil 

to gasoline to LPG. 

Both the direct and indirect processes produce valuable by-products. 

The by-products include: methane, sulfur, ammonia, and carbon dioxide. 

T o  simulate the market penetration of processes that use coal to 

produce liquid fuels, we assume that the least cost process will have the 

largest share of the market. To evaluate the future income and c o s t s  f o r  a 
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process, we need to estimate the prices of  all of the inputs and outputs 

for all of the coal processes and for all of the competiing processes. A 

list: of the 26 types of energy, by-products, and factors of production in 

the coal model is displayed in Table 1, 

Table 1. The Base Year Values for the 
Factors o f  Production in the Coal Model. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
19 
20 
2 1  
22 
23 
24 
25 
26 

The physical units are given in the table. 

The value units are billion 1985 dollars. 
The price units are billion $1985 per physical unit. 

Factor Quantity Units Price 

Coal 1 - Bitiuminous 
Coal 2 - Subbituminous 
Coal 3 - Lignite 
Coal 4 - Metallurgical 
Crude Oil 
Dry Natural Gas 
Transported Gas 
Distributed Gas 
Bulk Electricity 
Distributed Electricity 
Liquid Petroleum Gases 
Gasoline 
Kerosene 
Distillate Fuel Oil 
Residual Fuel Oil 
Naphthas 
Lubricants 
Petroleum Coke 
Asphalt 
Alcohol 
Sulfur 
Ammonia 
Carbon Dioxide 
Materials 
Labor 
Capital 

0.57 
0 .19  
0.07 
0 .08  
4 . 4 0  

17 .28  
16.31. 

6 .87 
2.54 
1 . 4 3  
1 .30  
2 . 5 0  
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 

Billion Tons 
Billion Tons 
Billion Tons 
Billion Tons 
Billion Barrels 
Trillion Cu Ft 
Trillion Cu Ft 
Trillion Cu Ft 
Billion MWH 
Billion MWH 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Barrels 
Billion Tons 
Billion Tons 
Trfllion Cu Ft 
Billion 1985$ 
Billion 1985$ 
Billion 1985$ 

4 1 . 3 1  
27.86 
12 .67  
58.50 
26.76 

2 . 5 1  
3 . 8 1  
5 .90  

50.47 
73.72 
23.50 
36.48 
36.50 
31.96 
24.40 
33.00 
33.00 
33.00 
33 . O O  
22.68 
65.00 

125 .50  
1 . 0 0  
1 .00  
1.00 
1.00 

Value 

23.68 
5.19 
0 .88  
4 . 7 3  

117 .83  
43.38 
62.16 
4 0 . 5 1  

127.99 
105.46 

30.55 
91.32 
1 7 . 7 5  
33.46 
1 0 . 7 1  

5 . 3 5  
l. 96 
5 . 4 4  
5 . 1 2  
0 .48  
0 .74  
2.03 
0.07 

4396.05 
2529.13 
1468.97 

We had planned to have six types of coal. However, we were unable to 

disaggregate bituminous and subbitumi-nous coal into high and low sulfur 

fractions and to trace the consumption o f  the six types of coal. 
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The model h a s  t h r e e  types of na tu ra l  gas.  Natural gas w e l l s  produce 

both dry na tura l  gas and LPG. The gas p ipe l ine  indus t ry  buys d r y  n a t u r a l  

gas a t  the wellhead and provides transported gas t o  the  e l e c t r i c  u t i l i t i e s ,  

the i n d u s t r i a l  s e c t o r ,  and t o  t h e  gas d i s t r i b u t i o n  companies.  The gas 

d i s t r i b u t i o n  companies buy transported gas and s e l l  d i s t r ibu ted  gas t o  the 

r e s i d e n t i a l ,  commercial, and t ranspor ta t ion  sec to r s .  By having three types 

of gas,  we can have three d i s t i n c t  p r ices  f o r  na tura l  gas. 

The model has two types of  e l e c t r i c i t y .  Bulk e l e c t r i c i t y  i s  s o l d  t o  

t h e  i n d u s t r i a l  s e c t o r  and t o  t h e  e l e c t r i c i t y  d i s t r i b u t o r s .  Distr ibuted 

e l e c t r i c i t y  i s  sold t o  t h e  r e s i d e n t i a l ,  commercial ,  and t r a n s p o r t a t i o n  

sec to r s .  

Materials a r e  a l l  of the goods and services  t h a t  a r e  produced by t h e  

economy excep t  f o r  t h e  23 types of energy and by-products. The inputs to 

the  economy a re  labor and c a p i t a l ,  while the outputs a re  mater ia l s  and t h e  

23 types of energy and by-products. 

W e  assume t h a t  the pr ices  of labor and c a p i t a l  are exogenous and t h a t  

t h e  p r i c e s  o f  t h e  f i r s t  24 g o o d s  i n  Table  1 a r e  de te rmined  by t h e  

in t e rac t ion  of  supply and demand. To t r ace  the supply and demand f o r  t h e  

24 goods, we w i l l  use an Input-Output (1-0) accounting framework. The most 

recent  and de ta i l ed  1-0 t ab le  fo r  the United S ta t e s  has  537 s e c t o r s .  For 

t h e  c o a l  model 1-0 s t r u c t u r e ,  w e  col lapse mos t  of the 537 types of goods 

and serv ices  in to  our mater ia ls  sec tor  and disaggregate the energy sec tors .  

F o r  example, t h e  d e t a i l e d  t a b l e  has one sec tor  fo r  crude o i l  and na tura l  

gas production and the coal  model has one sec tor  f o r  crude o i l  and ano the r  

sec tor  f o r  the production of dry na tura l  gas and LPG. 

The coal  model 1-0 s t ruc tu re  has 1 3  s e c t o r s  t o  produce t h e  f i r s t  2/k 

goods i n  Table 1. The f i r s t  10 sec tors  produce the f i r s t  10 goods i n  Table 
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1. Sector 11, the l i q u i d  f u e l s  s ec to r ,  produces the goods from 11 t o  23  i n  

T a b l e  1 (LPG i s  b o t h  an i n p u t  t o  and an  o u t p u t  from t h e  l i q u i d  f u e l s  

s e c t o r ) .  Sector 1 2  produces mater ia l s .  The f i n a l  s e c t o r ,  s e c t o r  13  ~ i s  

the t rade  sec to r .  

The coa l  model w a s  des igned  t o  s i m u l a t e  t h e  market  p e n e t r a t i o n  of  

p r o c e s s e s  t h a t  u se  coa l  t o  produce l i q u i d  fue1.s. The l i q u i d  f u e l s  sector 

i s  the  key sec to r  i n  the  model. I n i t i a l l y ,  a l l  l i q u i d  f u e l s  are  produced 

f rom c rude  o i l  and t h e  l i q u i d  f u e l s  s e c t o r  i s  t h e  combina t ion  o f  the  

p e t r o l e u m  r e f i n i n g  i n d u s t r y  a n d  t h e  i n d u s t r i e s  t h a t  p r o d u c e  t h e  

b y - p r o d u c t s .  Over t i m e ,  unconventional l i q u i d  fue l s  from c o a l ,  o i l  sha l e ,  

t a r  sands,  o r  heavy o i l  w i l l  g r a d u a l l y  p e n e t r a t e  i n t o  t h e  l i q u i d  f u e l s  

s ec to r .  

The inputs  t o  the mater ia l s  s ec to r  a re  c a p i t a l ,  l abo r ,  m a t e r i a l s ,  and 

1 9  o f  t h e  23 types of energy and by-products ( the  types of energy t h a t  a re  

not  inputs  are subbituminous c o a l ,  l i g n i t e ,  c rude  o i l ,  and d r y  n a t u r a l  

g a s ) .  The i n p u t s  t o  t h e  t r a d e  s e c t o r  a r e  t h e  e x p o r t s  of goods and 

se rv ices ,  while the outputs are the imports. 

The f i r s t  11 sec to r s  a re  the energy supply s ide  o f  the economy and the 

mater ia l s  s ec to r  i s  the energy demand s ide  o f  the economy. I n  each  y e a r ,  

t h e  energy  supp ly  is f i x e d  whi le  the demand is  responsive t o  p r i c e .  The 

p r i c e  i s  determined by requir ing t h a t  supply and demand balance f o r  each of 

the  goods. 

To i-ricrease the speed of the  ca lcu la t ion  and t o  reduce the complexi ty  

o f  t h c  d a t a  base,  the 1-0 s t ruc tu re  of the model has been s impl i f ied .  For 

example, i n  t h e  537 s e c t o r  1-0 t a b l e ,  t h e  c o a l  s e c t o r  h a s  i n p u t s  from 

l a b o r ,  c a p i t a l ,  and 1 2 7  other  s ec to r s .  I n  the coal  model, t;he s ing le  coal  

s ec to r  i n  the 537 sec to r  t ab le  has been s p l i t  i n t o  4 s e c t o r s ,  b u t  each  o f  
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t h e  4 c o a l  s e c t o r s  has  a s i n g l e  input - -mater ia l s .  The s impl i f ica t ion  of 

the 1-0 s t ruc tu re  corresponds t o  the assumption t h a t  a l l  c o a l  i s  produced 

by a coal  se rv ice  company. 

I n  t h e  c o a l  model, a l l  l a b o r  a n d  c a p i t a l  a r e  u s e d  t o  p r o d u c e  

m a t e r i a l s .  The i n p u t s  t o  t h e  energy s e c t o r s  a r e  energy and mater ia ls .  

Materials a r e  consumed by the energy sec to r s ,  by the materials s e c t o r ,  and 

by f i n a l  demand ( G N P ) .  Expensive energy  r e q u i r e s  more m a t e r i a l s  and 

reduces the GNP. 

The o v e r a l l  a r c h i t e c t u r e  o f  RAMSCOAL i s  i l l u s t r a t e d  i n  Fig. I. The 

core of the model is a general equilibrium model of t h e  supp ly  and demand 

f o r  t h e  23 types of energy and by-products (see Table 1). Given input and 

output (1-0) coe f f i c i en t s  f o r  each of the f i r s t  1 2  s e c t o r s  and t h e  l e v e l s  

of impor ts  and e x p o r t s ,  t h e  co re  model can balance supply and demand and 

forecas t  p r ices  and quant i ty  of  production f o r  the 23 types  o f  energy and 

b y - p r o d u c t s .  The 1-0 c o e f f i c i e n t s  f o r  each sec tor  can be forecas t  by a 

family of  s a t e l l i t e  models. 

The design of  the coal  model has allowed a staged development. In the 

f i r s t  phase,  t h e  c o r e  model, t h e  s a t e l l i t e  model f o r  t h e  l i q u i d  f u e l s  

s e c t o r ,  and t h e  supply  models fo r  coa l ,  o i l ,  and gas were developed. 'In 

the second phase, in te rna t iona l  t rade was added and a s a t e l l i t e  model w a s  

developed f o r  t h e  end-use demand fo r  coal  and other  forms of  energy. In  

the f u t u r e ,  s a t e l l i t e  models could  be developed f o r  t h e  p roduc t ion  o f  

e l e c t r i c i t y ,  c lean coa l ,  and high BTU gas. 

The next s ec t ion  of t h i s  report :  w i l l  d i s c u s s  t h e  c o r e  model. The 

subsequent  s e c t i o n s  w i l l  d i s c u s s  t h e  s a t e l l i t e  models. Section 3 w i l l  

present the o i l ,  gas ,  and coal supply models. Section 4 w i l l  develop t h e  



liquid fuels model. Section 5 will explain the end-use madel. Section 6 

will present the concl.usions. 

+hiquid Fuels Model] 
Core Model 

Gas Supply Model "----r Prices 

F i g .  1.  The Structure of t h e  RRMS Coal Model. 

Fig, 1. The Structure of the RAMS Coal Model. 
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2. corn HQDEL 

The coal model is an annual model that forecasts energy supply and 

demand for the United States for the period 1985 to 2030. At the start of 

each year, all of the coefficients and input variables for the core model 

are determined. The core model determines the prices and quantities for 

all. of the types of energy and by-products. Given the prices and 

quantities, the satellite models calculate a new set of coefficients for 

the next year. 

The outputs of the core model are the prices (p[i]) for the 2 4  

produced goods, the output (x[j]) for 11 energy sectors, the inputs to the 

materials sector (~[i]), and the GNP. The inputs to the core model are the 

1-0 coefficients (a[i,j]) for the 24 goods ([i]) to the 11 sectors ([j]), 

the potential output of  the economy (Output), the coefficients for the 

materials sector (ca[i]), and the trade(Trade[i]). 

Two sets of units are used in the coal model: physical units and 

value units. The base year values for quantity, price, and value for the 

26 factors of production in the coal model are displayed in Table 1. The 

physical units for the factors of  production are given in the t a b l e .  The 

price units are billion 1985 dollars per physical unit and the value units 

are billion 1985 dollars. For example, in 1985 the United States consumed 

4.40 billion barrels of crude oil. At an average price of 26.?6 dollars 

per barrel, the value of the oil was 117.83 billion dollars. 

For the core model, a convenient set of  units for all of the factors 

of production are the value units. If the quantity of production is 

measured in billions of 1985 dollars, the base price (BasePrice[i]) can be 

used to convert to physical units. For example, if the conszamption of 

crude oil in 2000 i s  100 billion 1985 dollars worth, then the consumption 
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i s  3.74 b i l l i o n  b a r r e l s .  For the  value u n i t s ,  the  p r i ces  are p r i c e  indexes 

t h a t  a r e  equal t o  1 . 0  i n  1985. If the  p r i ce  index f o r  c r u d e  o i l  i s  1 . 5 0 ,  

then the p r i ce  i n  physical  u n i t s  i s  40.14 1985 d o l l a r s  per  b a r r e l .  

The f irst  ca l cu la t ion  i n  the core model is t o  ca l cu la t e  the p r i ces  fo r  

t h e  10 energy  supp ly  s e c t o r s .  The p r i ce  is  determined by requi r ing  t h a t  

the income equal the cos t  of  production: 

- p [ i ] * a [ i , j ]  
i 

p l j l  = f o r  j = 1 t o  10 , 
a [ j  , j  I 

where the  summation over i does not  include the j t h  t e r m .  

The e n e r g y  supp ly  s e c t o r s  a r e  a r r a n g e d  by d i s t a n c e  from primary 

production. The f i r s t  5 sec tors  have only one input - -mater ia l s :  

p [ j ]  = - p [ 2 4 ] * a [ 2 4 , j ] / a [ j , j ]  f o r  j = I t o  5 . ( 2 )  

Dry na tu ra l  gas is  before t ransported gas, which i s  before d i s t r i b u t e d  gas. 

Coal and gas are before  e l e c t r i c i t y .  To determine p r i c e s ,  the sequence i s  

j = 1 t o  10. To determine q u a n t i t i e s ,  the sequence i s  j = 10 down t o  7 I 

If a p r i c e  i s  r e q u i r e d  t h a t  h a s  not  been determined ( f o r  example, p [ l l ] ,  

p[1.4], p [ 1 5 ] ,  and p [ 2 4 ] ) ,  .the p r i c e  from t h e  l a s t  p e r i o d  i s  u s e d .  The 

i n i t i a l  values f o r  a11 of the  p r i ces  a re  p [ i ]  = 1 . 0 .  

The second c a l c u l a t i o n  i n  t h e  c o r e  model  i s  t h e  demand b y  t h e  

mater ia l s  s ec to r  ( z [ i ] )  f o r  the 10 types of  energy. The l e v e l  of output O C  

(lie mater ia l s  s ec to r  (Output) i s  exogenous. Thus, z [  i ]  i s  t h e  p roduc t  o f  

t h e  1 -0  c o e f f i c i e n t  ( z [ i ] / O u t p u t )  and t h e  Ou tpu t .  The 1-0 coe f f i c i en t  
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depends on the price of energy and is derived from a cost function using 

Shephard's lemma (for an introduction to cost functions and Shephard's 

lemma, see Ref. 1). The two-level cost function (G) is given by: 

G = C ca[i]*g[i] , 
i 

( 3 )  

where the g[i] are given by: 

( 4 )  
"i 'li 'li g[i] = cb[i]*p[i] + (l-cb[i])*p[24] 

In the first level, E q .  ( 3 ) ,  the factors of production are required in 

fixed proportions. No tradeoffs are allowed. In the second level, 

Eq. (4), tradeoffs between each of the 23 types of energy and materials are 

allowed. Thus, the second level simulates energy conservation. To speed 

the numerical calculation, we assume that q = -1.0. i 

For the energy sectors (i - 1 to 23), each input-output coefficient is 
the partial derivative of the cost function with respect to p[i]: 

aG 7 

z[i]/Output = - = ca[ i]*cb[ i]*(g[i]/p[i])- . 
aP[il 

Thus, the base year cost shares are the product of ca[i] and cb[i]. In the 

data set CoalBase.Dat, the parameters labeled CA are the base year cost 

shares. 
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I n  most a p p l i c a t i o n s  of Eq. ( 4 ) ,  the parameter q i s  used t o  control  i 

the  p r i ce  e l a s t i c i t y .  

f o r  z [ i ]  ( e . . )  i s  given by: 

I n  the base year ,  the o m  pr i ce  e l a s t i c i t y  of demand 

11 

e i i =  -2*(1 - c b [ i ] )  . 

Thus, t h e  parameter c b [ i ]  can be used t o  control  the p r i ce  e l a s t i c i t y ,  As 

c b [ i ]  approaches 1, the e l a s t i c i t y  approaches z e r o .  A s  cb [  i ]  approaches 

z e r o ,  t h e  e l a s t i c i t y  approaches - 2  I We began with a l l  of the cb[ i] set 

equa l  t o  0 . 5 .  To o b t a i n  a b e t t e r  match wi th  t h e  base  c a s e  f r o m  t h e  

N a t i o n a l  Ene rgy  Po l i cy  P lan  (NEPP),* we i n c r e a s e d  t h e  c b [ i ]  f o r  o i l  

p roduc t s  and r e d u c e d  t h e  c b [  i ]  for n a t u r a l  g a s  ( s e e  t h e  d a t a  set 

CoalBase.Dat). 

Given the Output and the pr ices  f o r  the f i r s t  10 types of ene rgy ,  Eq. 

(5)  determines the energy consumption by the mater ia ls  sec tor  ( z [ i ] ) .  W e 

use the following expression t o  e s t i m a t e  t h e  o u t p u t  o f  t h e  l i q u i d  f u e l s  

sec tor  x [ l l ] :  

( 7 )  x [ l l ]  = a*f*Output . 

I n  t h e  base year ,  f = 1 . 0  and CY i s  the ra t io  of x [ l l ]  and Output; 

a! = 0.0213. A t  the  end of t h i s  s e c t i o n ,  we w i l l  p r e s e n t  an e q u a t i o n  t o  

determine f i n  subsequent periods.  

Let x a [ i ]  be the consumption of energy of type i by t h e  s e c t o r s  t h a t  

do not produce energy of type i: 
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x a [ i ]  - -X a [ i , j ] % [ j ]  where j = 1 t o  11 except f o r  i. 
j 

For i - 10 down t o  1 ,  w e  determine the output of  each energy sec to r  by 

the following balance equation: 

x [ i ] * a [ i , i ]  = z [ i ]  + x a [ i ]  - Trade[i]  . ( 9 )  

The o i l  and gas supp ly  models de t e rmine  t h e  domest ic  oil s u p p l y  

(OilProd) and the domestic gas supply (GasProd). For the crude o i l  s ec to r ,  

x [5]*a[5 ,5]  = OilProd and E q .  ( 9 )  can be used t o  de t e rmine  b o t h  x [ 5 ]  and 

T r a d e [ S ] .  S i m i l a r l y ,  f o r  the na tu ra l  gas s e c t o r ,  GasProd determines both 

x[6]  and Trade[G]. For the o ther  8 s ec to r s ,  T rade [ i ]  is exogenous. 

The n e x t  c a l c u l a t i o n  i n  the core model i s  t o  determine the supply o f  

goods 11 t o  23 .  Using Eqs. ( 4 )  and ( 5 ) ,  we c a l c u l a t e  t h e  p r i c e  a t  which 

s u p p l y  i s  equal t o  demand. L e t  z [ i ]  be the  demand by the  mater ia l s  s ec to r  

f o r  good i ,  where i - 11 t o  23. I f  supply is equal t o  demand, thien: 

11 

j =1 
z [ i ]  = Trade[i]  + X a [ i , j ] * x [ j ]  f o r  i = 11 t o  23  . 

Having determined z [ i ] ,  w e  can use E q .  (5 )  t o  de te rmine  t h e  r a t i o  o f  

p [ i ]  and g [ i ] .  Let x b [ i ]  be defined by: 

- 2  
x b [ i ]  = z[i]/(sa[i]*cb[i]*Output) . 



12 

Using xb[i], Eq. (5) may be written: 

p[i] = xb[i]*g[i] . 

If we solve Eq. (4) for p[i], we find 

p[il - (xb[i] - cb[i])*p[24]/(1 - cb[i]) . ( 1 3 )  

I f  cb[ i] is larger than xb[i], Eq. ( 1 3 )  will yield a negative value 

for the price. If a price is negative, a warning message is printed on the 

output file and the negative price is set equal to 1.0. If a price is 

negative, the value of cb[i] should be reduced. Large values for cb[i] 

result in low values for the price elasticity (see Eq. (6)). Thus, an 

increase in the price elasticity of demand will prevent negative prices, 

The next calculation in the core model is to determine the prices and 

quantities of goods 24 to 26: capital, labor, and materials. We will also 

calculate the GNP and Value Added. For capital and l a b o r ,  the prices are 

always equal to 1.0 and cb[i] = 1.0. Thus, g[i] = p[i] = 1.0 and Eq. (5) 

determines the inputs of capital and labor to the materials sector: 

z[i] = ca[i]*Output f o r  i = 25 and 26 . (14) 

The Value Added is the sum of  the payments to labor and capital. Since the 

prices are e q u a l  to 1.0, the Value Added = z [ 2 5 ]  + z[26]. 
The price of materials (p[24]) is equal to G and is determined by Eq. 

( 3 ) .  Thus, p[24] depends on the g[i]. Equation 1 determines the first 10 

prices and Eq. (4) can be used to calculate the first 10 values for 
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g [ i ] .  Equations (12) and ( 1 3 )  can be used t o  determine p [ i ]  and g [ i ]  f o r  

i - 11 t o  23. For t h e  i n p u t  o f  m a t e r i a l s  t o  t h e  m a t e r i a l s  sector, 

cb[24] = 1 . 0  and g[24] = p[24] .  Since g [ i ]  - 1.0  f o r  i = 25 and 2 6 ,  a l l  of 

the g [ i ]  except g[24] a r e  known and we can solve Eq .  ( 3 )  f o r  p[24]:  

p[24] = xc/('l - ca[24])  , 

where xc is defined by: 

26 

i-1 
xc - C c a [ i ] * g [ i ]  , 

where the  summation does not  include the i - 24 term. 

The q u a n t i t y  of m a t e r i a l s  i s  e x o g e n o u s  a n d  i s  c a l l e d  O u t p u t .  

Materials a r e  consumed t o  conserve energy, t o  produce mater ia l s ,  t o  produce 

energy, t o  produce imported energy, and t o  p rov ide  goods and s e r v i c e s  t o  

consumers ( the  G N P ) .  To ca lcu la te  the GNP,  w e  subt rac t  from Output a l l  of 

the  mater ia ls  t h a t  a r e  used f o r  other  purposes. 

The 1-0 c o e f f i c i e n t  f o r  each type of energy was derived by taking the 

p a r t i a l  der iva t ive  of the cos t  function with respect  t o  each of  t h e  energy 

pr ices  (see E q .  ( 5 ) ) .  The 1-0 coe f f i c i en t  f o r  mater ia ls  has a contr ibut ion 

from each of the  energy sec tors  and from mater ia ls :  

24 2 
z[24]/0utput - C c a [ i ] * ( l  - c b [ i ] ) * ( g [ i ] / p [ 2 4 ] )  . 

i-1 
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z[24] includes the materials consumed to conserve energy and to produce 

materials. 

Let xd be the materials consumed to produce energy: 

11 
xd = -C a[24,j]*x[j] . 

j -1 

Then the GNP is given by: 

GNP = Output - z[24] - xd -+ Trade[24] . ( 1 9 )  

If the core model were solved repeatedly to obtain equilibrium values 

f o r  the gri.ces and quantities, the value of the GMP would be equal to the 

value added: 

p[24]*GNP = Value Added . 

However, the core model is only solved once each year. 

I n  general, the income will not be equal to the expenses f o r  the 

liquid fuels sector. The factor (f) in Eq. (7) is designed to balance 

income and expenses. If the income is higher than expenses, output is 

increased and vice versa. Define unit income and expenses for the liquid 

fuels sector by: 

Income = E p[i]*a[i,ll] , whenever a[i,ll] > 0 
i 
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and 

Expenses = -C p[i]*a[i,ll] , whenever a[i,ll] < 0 
i 

Let rp be the ratio of expenses and income: 

rp - Expenses/Income . ( 2 3 )  

If rp is greater than 1.0, we want reduce output. The equation f o r  the 

factor (f) is: 

f(t+l) - f(t)/rp . ( 2 4 )  

We have completed our discussion of the core model. The core model 

calculates prices and quantities for the produced goods and services, given 

1-0 coefficients for the sectors. Subsequent sections of this report will 

describe how the values of the 1-0 coefficients are changed by other 

sections of the model. 
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3 .  THE SUPPLY HODKLS 

This section will describe the supply models for oil, gas, and c o a l .  

Each o f  the supply models is similar to the supply model in the RAMSGAS 

modela3 4 

sources of oil, 14 sources of gas, and 13 sources for the 4 types of coal. 

Each of sources of fuel has a production cost that depends on cumulative 

consumption of the resource. Given the production cost, a market share is 

calculated. Given the market share, an average price is calculated and the 

1-0 coefficients are calculated. The core model determines the level of 

consumption. Given the level of consumption and the market share, the 

cumulative consumption of each of the sources of supply i s  calculated and 

the model is ready for the next period. 

There are several sources of supply for each of the fuels: 

Each of the N sources of  fuel has a production cost (PW[i]) that 

depends on cumulative consumption of the resource ( Q [ i ] ) :  

PW[i] = PS[i]*(QF[i] - QS[il)/(QF[i] - Q[il) , 

where PS is the initial production cost, QS is the initial consumption of 

the resource, and QF is the ultimate consumption of the resource. 

Initially, Q = QS and PW = PS. A s  Q approaches QF, the production cost 

increases without a limit. Equation (24 )  is a special case of  a function 

that was introduced in Ref. 4 .  

For oil and gas, the production cost influences the level of drilling, 

while for coal the production cost influences the level of production. For 

oil and gas, drilling of a successful oil or gas well results in production 

for a long time (15 t o  25 years). A sudden increase or decrease in world 
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oil price can have a large impact. on drilling but will have a smaJ.ler 

impact on production. 

Market- shares ( S A [ i ] )  for each of the N sources of  fuel are determined 

by a logit function and are inversely proportional to the production cost: 

SA[i] = SB[i]*PW[i]'/( C SB[j]*PW[j]' ) , 
j 

where SR[i] is the base market share and -y is a negative parameter. 

For oil and g a s ,  the initial year o f  production (STYR[i]) and the 

world oil price (WOI') have an influence on the market shares. F o r  new 

technologies, a lengthy period o f  research and development is required 

before the commercial introduction of the technology. The parameter STYR 

is used to simulate the R&D process; the market share is zero before the 

initial year of  production. If the production cost f o r  oil is greater than 

the WOP, then the market share Is zero and no wells will be drilled. If 

the production cost of gas is greater than the BTU equivalent o f  the W O P  

(WOP/5.8 Million BTU per Barrel), then the market share is zero. 

For the coal model, each of the 4 types of coal can be shipped to 

either o f  the two demand regions: east and west. The market share depends 

on the delivered cost, the sum of the mine-mouth cost and the 

transportation cost. Each type of  coal has a base market share for both o f  

the demand regions. Coal production does n o t  have an initial year of 

production and does not depend on the MOP. The coal supp1.y model has a lag 

parameter to cont.r-ol the rate of change of the market shares. 

The average cost o f  production ( P A )  is the sum of the products of  the 

individual product1 on costs and the market shares : 
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PA - Z PW[i]*SA[i] . (27)  
i 

For the 4 types of coal and for natural gas, the average cost of production 

is used to calculate the 1-0 coefficient for the amount o f  materials 

required to produce fuel (see Eqs .  (1) and ( 2 ) ) .  For crude oil, the WOP is 

used to calculate the 1-0 coefficient for materials. 

Each year, the supply models update the production costs and 1-0 

coefficients for crude oil, natural gas, and coal. Next, the core model 

calculates the production level for each type of fuel. Finally, the supply 

models update the cumulative consumption of each type of  fuel. 

F o r  oil and gas, the supply models must forecast the level o f  

discoveries of oil and gas. Since the two models are similar, we will 

confine our attention to the oil model. Let PO be the average production 

cost for oil; PO is calculated using Eq. (27). Let BO be the  profit 

margin, the difference between the world oil price and the cost of oil 

production, in the base year. Let FO be the ratio of Che profit margin in 

each year to BO: 

(28 )  FO = (WOP - PO)/BO . 

In the base year, FO = 1.0. If FO is negative, we set it equal to 0 . 0 .  If 

FO is greater than the parameter Upperoil, then we set FO equal to 

Upperoil. The quantity of oil that will be discovered each year (QuanOil) 

is given by: 

QuanOil = FO*BaseOil , 



where BaseOil i s  the oil production in the basc year measured in physical 

units . 

The quantity of oil that. is discovered each year depends on the profit 

margin. when the profits are higher than the base year profits, the level 

of discoveries can increase until the upper bound (provided by Upperoil) is 

reached. WRen the WOP drops and profits decrease, the level of discoveries 

decreases. Over tine, the cost of production will increase and an increase 

in WOP will be required to prevent a decrease in discoveries. 

The amount of  oil that: is discovered in each o f  the oil producing 

regions is the product of QuanOil and the market share (SA[i]). The 

cumulative discoveries o f  oil (Q[i]) are given by: 

Q[i] = Q[i] -k QuanOil*SA[i] 

If Q[i] is greater than the total resource (QF[i]), then we reduce Q to 

Q[i] 2 0.999*QF[i]. 

The amount of oil or gas that was discovered will be produced over a 

long time; 19 years far oil and 23 years for gas. For oil and gas,  we 

define a production profile (Prof[k]) . If Oilprod[ t] is the oil production 

in year t, then the future si1 production in value units is given by: 

OilProd[ttk] = OilProd[t+k] + QuanOil*BasePrice[S]*Prof[k] . ( 3 1 )  

For coal supply, the core model provides the total production of each 

of the four types of coal. The coal supply model allocates the production 

to the two demand r e g i o n s  and uses the rnarket shares to ca1culat:e the 
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production for each of the 13 sources a f  coal. The cumulative production 

is calculated using an equation like Eq. (30). 
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4. THEE LIQUID mLS MODEL 

The liquid fuels model sfmulates the market penetration o f  

conventional and unconventional processes for producing liquid faels and 

by-products from coal, shale, tar sands, and heavy oil. For each year from 

1985 to 2030, the model calculates the market share for each of the 19 

processes in the model. Given the market shares for the processes, the 

model calculates new 1-0 coefficients for the liquid fuels sector (sector 

11). The model also calculates the total installed capacity for each 

process. 

Each of the 19 processes is described by a process summary sheet ( s e e  

Appendix B of the User's Guide). Using the process summary, 1-0 

coefficients (AP[i,n]) are calculated for the processes. Using a 

discounted cash flow (DCF) method that will be described later in this 

section, the discounted value of the revenue requirements and the 

discounted value of the income are calculated for each process in each 

year. Let PP[n] be the ratio of the revenue requirements and income. 

PP[n] is a figure of  merit for a process. When PP[n] is greater than 1.0, 

the process would lose money. 

Using PP[n] as the cost of  each process, we calculate market shares 

(SA[n]) using E q .  ( 2 6 ) .  The market shares are the share of  new investment 

that is captured by each process. Each process has an introduction year, 

the market shares are zero before the introduction year. Furthermore, if 

PP[n] is greater than 2.0 for a process, the market share is zero. 

We use a lag parameter ( p )  to control the penetration rate for the new 

technologies : 

a[i,ll] = (1 - p)*a[i,ll] + p*C SA[n]*AP[i,n] . 
n 



2 !b 

Let ZP[n] be the t o t a l  i n s t a l l e d  capacity of each process ,  then: 

ZP[n] (1 - p)*ZP[n] 3. p * S A [ ~ 1 ] * ~ [ 1 1 ]  . ( 3 3 )  

We have ca lcu la ted  a new s e t  of  K - 0  coe f f i c i en t s  and the model i s  ready f o r  

the next per iod.  

The r e m a i n d e r  o f  t h i s  s e c t i o n  w i l l  p r e s e n t  t h e  D C F  model. TWQ 

versions of  the D C F  model w e r e  developed: DCFShort and DCFLong. For t h e  

long vers ion ,  a tab le  of income and expenses w a s  developed f o r  each year of 

the p ro jec t  and the d i scoun ted  p r e s e n t  v a l u e s  were c a l c u l a t e d  from t h e  

t a b l e .  The s h o r t  v e r s i o n  g i v e s  t h e  same r e s u l t s  as  t h e  long  vers ion;  

however, ana ly t ica l  formulas are, used t o  speed the ca lcu la t ion .  For a t e s t  

case ,  the shor t  vers ion was 30 times as f a s t  as the long vers ion.  The long 

vers ion w a s  based on the cornputer code PRP,5’6 while the sho r t  v e r s i o n  was 

based on the formulas i n  Ref. 7 .  

The bas ic  input parameters f o r  the DCF model a re  displayed i n  Table  2 

of  the User’s Guide. debt and equi ty .  

The i n t e r e s t  r a t e  i s  the weiehted average of the two r a t e s .  The a f t e r  t a x  

r a t e  i s  t h e  i n t e r e s t  r a t e  minus the tax on the debt payment. The discount 

r a t e  is  a controversial  parameter. I n i t i a l l y ,  we used 1 . 0  p l u s  t h e  a f t e r  

tax  rat.r!. However, when W E  varied the i n f l a t i o n  r a t e  f o r  a l l  of the inputs 

and outputs from 0% t o  5% t o  l o % ,  the r e s u l t s  were not i nva r i an t .  To make 

the r e s u l t s  i nva r i an t ,  w e  assume tha t  the discount r a t e  (d) i s  exp( in t e re s t  

r a t e ) .  

Two types o f  f inancing a r e  allowed: 

Thc first funct-ion that i s  calculated by the DCF model i s  EscFun[i ,T] .  

To define EscFunji,T] , we w i l l  derive the discounted p r e s e n t  v a l u e  of t h e  
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income for a project. Let y [ i] be the amount of good i produced by the 

project each year (we assume that y[i] does not depend on time t). Let 

p[i,t] be the price o f  g o o d  i in year t. We assume that the price 

escalates at a uniform rate from a base price: 

p[i,O] - BasePrice[i] and p[i,t+l] = e[i]*p[i,t] , 

where e[i] is the escalation rate for good i. 

If d is the discount rate, the discounted present value of the income 

(v) is: 

T 
v = C C p[i,t]*y[i]/dt . 

t=l i 

If we define EscFun[i,T] by: 

t EscFun[i,T] = I: (e[i]/d) , 
t-1 

then Eq. ( 3 4 )  can be written: 

v = Z EscFun[i,T]*BasePrice[i]*y[i] . 
i 

( 3 4 )  

(35) 

Introduction of the function EscFun[i,T] reduces computation time by 

reducing the double summation in Eq. ( 3 4 )  to a single summation in E q .  

( 3 6 )  
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To computx EscEun[i,T], we use the following formula: 

EscFun[i,T+E] .= (e[i]/d>*(l + EscFun[i,T]) . ( 3 7 )  

To help us calculate the present value of the book depreciation and 

the salvage value, we define EscFunA[T] and Dinv[T] by: 

T 

t=l 
EscFun4[T] = C t*(e[26]/d)t , and 

T Dinv[T] = (e[26]/d) , (39)  

where e[26] is the escallation rate for capital. 

The capital cost for each process i s  the instantaneous capital cost; 

the cost o f  construction at one date. The actual construction will. require 

several years- -the leadtime. The total capital cost will include the 

instantaneous capital cost, inflation, and interest during construction. 

The function InvFun[T] is the ratio o f  the total capital cost and the 

instantaneous capital cost. A formula for the function InvFun[T] wi1.7. be 

derived in the following paragraphs. 

We assume that the ra te  of  construction is uniform, Thus, the annual 

investment without inflation is BaseCost/LT, where LT is the leadtime, We 

assume that t:he i-nflation rate is CapEsc. Let Invest[k] be the investment 

in each year: 

Invest[k] = RaseCost*CapEsckjtT for k = 1-LT to 0 . ( 4 9 )  
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We assume that investment is made at the start o f  a year and that 

interest is paid at the end of each year. The total capital investment at 

the start of a year is equal to the investment at the end o f  the previous 

year plus the new investment: 

CpStrt[k] = CapEnd[k-1] + Invest[k] . (41 )  

The investment at the end of a year is equal to the investment at the 

start of the year plus the interest: 

CapEnd[k] - (1 + InterestRate)*CapStrt[k] . ( 4 2 )  

Finally, the InvFun[LT] is the ratio of the total investment and the 

BaseCost: 

InvFun[LT] = CapEnd[O]/BaseCost . ( 4 3 )  

The revenue requirements for a project (RR) are an income stream that 

will pay all of the operating costs and capital costs for the project. The 

costs that the revenue requirements will pay include: the operating and 

maintenance costs (0), the property tax and insurance (PT), the book 

depreciation (DB), amortization of the investment (r*V), and income tax 

(TX). The revenue requirements are reduced by the tax credit (TC) and the 

salvage value o f  the capital stock ( S ) .  The balance equation for the 

revenue requirements may be written: 

R R - Q + P T + D B + r * V + T X -  TC - S I ( 4 4 )  
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The i n t e r e s t  rat-c (r) i s  a weighted average of the  i n t e r e s t  r a t e s  for 

debt (rb) and equity ( r s ) :  

where t h e  sum o f  t h e  d e b t  f r a c t i o n  ( f  ) and the equity f r ac t ion  ( f  ) i s  b S 

1 . 0 .  Since interest: is deductible on income t a x ,  t h e  a f t e r  t a x  i n t e r e s t  

r a t e  (u)  i s  given by: 

where T is  the income tax  r a t e :  

7 -=z StateTax -+ (1 - StateTax)*FedTax . ( 4 7 )  

The income tax payment (TX) is  equal t o  the product of the income tax 

r a t e  and the taxable income. The taxable income i s  equa l  t o  t h e  revenue 

requi rements  p l u s  t h e  sa lvage  va lue  and minus t h e  operating c o s t s ,  the 

property t ax ,  the tax depreciat ion,  and the i n t e r e s t :  

TX = 7*(N 4- S - 0 - PT - DT - rb*fh*V) . (!+$) 

Using E q ,  ( 4 8 )  t o  el iminate the income %ax payment from E q .  ( 4 4 ) ,  w e  

derive the fo l lowing  equation fo r  the revenue requirements: 

RR 0 + PT - S + [ l . , l ( l - ~ ) ] * ( D B  4- u*V -TC - r*DT) . ( 4 9 )  
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The DCF model calculates the discounted present value of each t e r m  in 

E q .  ( 4 9 ) .  If K is the total plant investment, we can derive the following 

expressions for the annual values of DB, V, and DT: 

DB - K/BL , 

V = K*(l - [(t-l)/BL]} , and 

DT = (K - S)/TL , 

where BL is the book life and TL is the tax life. 

The total plant investment (K) is equal to the base cost multiplied by 

InvFun[LT] plus the startup cost. The present value of the tax 

depreciation is given by E q .  (52) and EscFun: 

DT = DT*EscFun[26,TL] , (53)  

(we will use the same symbol for both the annual value of the terms in E q .  

( 4 9 )  and for their discounted present values). 

The present value of the book depreciation and amortization is given 

by Eqs. ( 5 0 )  and (51) and by EscFun and EscFunA: 

DB = DB*EscFun[26,BL] , 

V = (BL -t l)*DB*EscFun[26,BL] - DB*EscFunA[BL] , 

( 5 4 )  

(55)  
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Using ths 1-0 coefficients for ( : l i t?  process ( A P ) ,  the current prices 

( p ) ,  and EscFun, the present values of the income and operating expenses 

are determined: 

Income = C p[i]*AP[i,n]*EscFun[i.,L] , i.f AP[i,n] > 0 , (56)  
i 

and 

Expenses = - C  p[i]*AP[i,nl*EscF~*n[i,L] , if AP[i,n] < 0 , ( 5 7 )  
i 

where L is the lifetime of the project. The expressions for income and 

expenses apply if the load factor is 100%. If the load factor (FL) is less 

than 1008, the income and expenses will be reduced: 

0 = FE*Expenses . (58)  

Let FP be the sum of the property tax rate and the insurance rate. 

The present value  of  property tax and insurance are given by: 

PT .= FP*K*EscFuI~[ 2 6 ,  L] . (59)  

Let FT be the tax credit rate. The present value o f  the income tax 

credit is given by: 

TC = FT*K/d . 
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The present value of the salvage value of the plant' is given by: 

Since we have calculated the present value of all of the terms in E q .  

( 4 9 ) ,  we can calculate the present value of the revenue requirements. The 

present value of the income is the product of the full capacity income ( E q .  

(56)) and the l o a d  factor (FL) .  The output of the DCF model is the ratio 

of the revenue requirements and income for each process (PP[n]). 
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Energy is an intermediate good that is consumed by capital equipment 

to provide energy services. Examples of energy services are space heat, 

process heat, lighting, mechanical drive, and passenger transport. Often 

several options are available to provide each energy service. For example, 

space heat can be provided by furnaces that burn oil, gas, LPG, coal, or 

wood; or by electric resistance heaters; or by electric heat pumps. 

Intercity passenger transport can be provided by automobile, bus, train, or 

airplane. 

All sectors of the economy use energy services. To create an end-use 

energy demand model, we subdivide the economy into markets. For example, 

residential space heat or industrial process heat. For each market, we can 

identify one or more options that use different fuels to provide the same 

energy service. The end-use model allows coal to replace expensive o i l  and 

gas in the various markets. 

In the coal model, the materials sector is the energy demand side o f  

the economy. The end-use model forecasts how the 1-0 coefficients for the 

materials sector (ca[i]) respond to changes in prices of  fuels and factors. 

We have subdivided the materials sector into 42 markets. For each market, 

the model has one or more options. Each option is described b y  1 - 0  

coefficients: AE[m,o,i] where m is the market, o is the option, and i is 

type of good or service. The c o s t  of energy service from each option 

(OC[m,o]) is determined by the 1-0 coefficients and the prices: 

OC[m,o] = Z: p[i]*AE(m,o,i] . 
i 
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Each y e a r ,  t h e  r n a t e r l a l s  s e c t o r  i n s t a l l s  a new v in tage  of c a p i t a l  

s tock.  The market s h a r e  f o r  each  o p t i o n  i n  t h e  new v i n t a g e  ( O S [ m , o ] )  

depends on the op t ion  cos t  and is  determined by a l o g i t  funct ion:  

where y i s  a negative parameter t h a t  can be spec i f ied  f o r  each market 

(7 = r [ m I ) .  

I n  t h e  b a s e  y e a r ,  t h e  average cos t  o f  energy serv ice  f o r  each market 

( B C [ m ] )  is  determined by the option cos t s  and the market shares:  

B C [ m ]  = C OC[m,o]*OS[m,o] . 
0 

Let D i m 3  be the f r ac t ion  o f  the t o t a l  inputs t o  t h e  m a t e r i a l s  s e c t o r  

i.n t h e  base  yea r  t h a t  is  required t o  provide energy serv ices  t o  market m .  

The D [ m ]  a r e  pos i t ive  and s a t i s f y :  

c D[m] = 1 . 0  . 
l-fl 

The 1-0  coeff ic i .ents  fo r  the new vintage o f  c a p i t a l  stock (AM[F]) a r e  

determined by adding up the market shares f o r  each option i n  each market: 

A M [ i ]  = T: C AE[m,o,i]*OS[m,o]*D[m]/BC[m] 
m o  

In  the base year ,  the new vi.ntage 1-0 coe f f i c i en t s  s a t i s f y :  
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I: p[i]*AM[i] = 1.0 . 
i 

The average 1-0 coefficients for the materials sector respond 

gradually to the changes in the energy consumption patterns of the new 

vintage : 

ca[i] = (I - p)*ca[i] + p*AM[i]/cb[i] , 

where p is a lag parameter. 
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6 ,  coNcuuSIONS 

The RAMS coal  model w a s  developed t o  a i d  the  planning funct ions of the 

O f f i c e  o f  F o s s i l  Energy o f  t h e  Department o f  Energy. T h e  model  was 

des igned  t o  s imula te  the market pene t ra t ion  of processes t h a t  use coa l  t o  

produce l i q u i d  f u e l s .  To simulate market pene t ra t ion ,  we assume t h a t  t h e  

l e a s t  c o s t  process w i l l  have the l a r g e s t  share  of the market. To evaluate 

the  fu tu re  income and c o s t s  f o r  a process ,  w e  need t o  es t imate  t h e  p r i c e s  

of  a l l  o f  the  inputs  and outputs f o r  a l l  of the coa l  processes and f o r  a l l  

of the competing processes.  A l is t  of the 26 types of energy, by-products,  

and f a c t o r s  o f  production i n  the  coa l  model is displayed i n  Table 1. 

The coa l  model 1-0 s t r u c t u r e  has 13 s e c t o r s  t o  produce  t h e  f i r s t  2 4  

goods i n  Tab le  1 ( t h e  l a s t  2 f a c t o r s ,  l a b o r  and c a p i t a l ,  are exogenous 

inputs ) .  The f irst  10 sec to r s  produce the f irst  10 goods. Sec tor  11, t h e  

l i q u i d  f u e l s  s e c t o r ,  produces the goods from 11 t o  23 .  Sector 1 2  produces 

good 24, mater ia l s .  The f i n a l  s ec to r ,  s ec to r  1 3 ,  i s  the  t rade  sector .  

The o v e r a l l  a r c h i t e c t u r e  o f  RAMSCQAL i s  i l l u s t r a t e d  i n  F ig .  1. The 

core of the  model i s  a general  equilibrium model of  t h e  supp ly  and demand 

f o r  t h e  23 t y p e s  o f  energy  and b y - p r o d u c t s .  Given 1-0 coe f f i c i en t s  f o r  

each of the f i r s t  1 2  s ec to r s  and t h e  l e v e l s  o f  impor t s  and e x p o r t s ,  t h e  

c o r e  model can  ba lance  supply and demand and forecas t  p r i ces  and quant i ty  

of  p r o d u c t i o n  f o r  t h e  23 t y p e s  o f  energy  a n d  b y - p r o d u c t s .  The 1-0 

c o e f f i c i e n t s  f o r  each  s e c t o r  can  be  f o r e c a s t  by a f a m i l y  o f  s a t e l l i t e  

models. 

This r epor t  has presented the equations f o r  the core model and f o r  a l l  

of  the  e x i s t i n g  s a t e l l i t e  models. The supply models ( o i l ,  g a s ,  and c o a l )  

c a l c u l a t e  t h e  1-0 coefEic ien ts  f o r  the  f i r s t  6 s ec to r s .  The l i q u i d  f u e l s  

model c a l c u l a t e s  t h e  c o e f f i c i e n t s  f o r  s e c t o r  11. The e n d - u s e  model  
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calculates the coefficients for sector 12. The remaining sectors (7 to 10) 

have fixed coefficients. 
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