
• up from $II00~{- 

I !~ The total capital spending is $1279M in current dollars, 

This creaEes the initial rate base of $13~9H, compared with the constant 

dollar rate base of $I182M. In the fifth year, the rate base of $1268H 

is made up of  $868M of debt and $400M of equity. The interest chafe e is 

.09 x 858 = $78M. The return on equity is 400 ~ .15 = $bLM. (The ~61M 

is higher than 400 x .15 because of return on working capital.) The 

income taxes required are $66M. Depreciation is $60Mper year. The final 

component of the cost of service Is the by-product credit of $31M. In 

summary: Currant $, H 

-264 

O&M 78 
I~terest on'debt 

. 61 
Return on equity ~:" 66 

Taxes on income :60 

Depreciation (31) 

By-product credits ,._----- 
$499 

This produces a g~s price of 499 ÷ 82.125 = 6-:081Hcf" A similar exercise 

produces a trajectory of  gas prices in current dollars listed in Table 4.23, 

and plotted in Figure 4.13. Notice that gas price increases slightly, re- 

fleeting the ~aet that inflation is causing O&H cost to grow lasher than 

capital-related charges decrease. (1.05) 9 = $322M 
Discounting this cost of service back to 1975, 499 ÷ 

in 1975 dollars- Dividing by the gas production yields a 1975 dollar gas 

price of $3.92[Mcf- This is contrasted with a $&.93[Hcf for the base 

case neglectlng Inflation. The lower price is due to the.fact ~hat the 

capi~l cost components of the cost of service have not inflated to ~ 

high a level as the rest of the prices in the economy. ~o illustrate this 

point, the currenn dollar costs above are discounted to 1975 dollarS, and 

compared wlth the base ease ~Umt.~S: 
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GAS PRICE 
IN CURRENT DOLLARS 

YEAR 

1 
2 
3 
4 
5 
6 
7 
B 
9 

i0;: 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5  

PRICE 

9,33 
6.35 
5,95 
6.01 
6,08 
6:16 
6.24 
6.33 
6,43 
6,54 
6.66 
6,79 
6,92 
7,07 

. . . . .  ? : 2 2  •. • ,  

7,39 
7.57 
7,76 
7.97 
8,08 
8,15 
8,23 
8,33 ' 

8.q5 .,~. 

8 , 58  

..• ' -  .• 

,- .,,.- 

A V E R A G E  PRICE - 7,19 

Table ~. 23 . '  
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I | 1  I ! 
w . . . . .  ~ . u  !- '- i ~. i 

._.~ g~' '~..~i~_...~ ................. --~ :~' ,~ ~-- ................. 

Fifth Year Cost. of Servlee 

Ca~eRorY 

O~ 

Interest on d e b t  '~" 

Return o n  equity 

Taxes on Income 

Depr~:.~iatlon 

By-product credits 

B a s e  C a s e  !975 SM 

170 

69 

53 
230 

56 

52 

(20) 

• Inflation Considered 

170 

5° i 39 171 

43 

39 I 

( 2 0 )  :.~ 

Total 380 322 

The O&H::~osts are equal, b u t  the items relaged to the rate base arc sig- 

nlficantly lower ($230M versus $171M foc interest on debt, return on equity, 

and taxes on income). .. 

The model applies the above proced~,re to calculate the inflation- 

corrected gas price trajectory. Table 4.24 lists the price track from the 

a l t e r e d  base case.  F i gu re  4.14 p l o t s  the  p r i c e s ,  and compares them w i t h  

the base case p r i c e s .  The i n f l a t i o n - c o r r e c t e d  p r i c e s  are l o w e r ,  r e p r e s e n t -  

i ng  the ga in  due to  the lower  i n f l a t i o n  on the  r a t a  base - re l a t ed  cos t  ca te -  

go r i es .  ", 

I t  i s  a lso  p o s s i b l e  to  10ok a t  the  cash f l o w s  to  e q u i t y ,  s e t  ou t  i n  

Tab le  4 .25 .  T h i s  shou ld  be compared w i t h  the  base case f i g u r e s  c o n t a i n e d  

£u Table 4 .7 .  The e n t r i e s  I n  Table 4 .25  a re  i n  c u r r e n t ,  or  i n f l a t e d ,  

d o l l a r s .  These would  be the a c t u a l  cash f l o w s  t ha t  would occur  ove r  t ime.  

The equity flows are larger, reflecting the investment of a larger number 

of dollars and the increased payback required. This increases =he rate 

base, and causes the profit figures to be higher ($61Mversus $53M). Si.ce 

inflation increases the O&M cost every year, and worklng capital is one 

eiBhth of =he O&M account, there is a continual smail investment in working 

capital. The proflt earned on the ever increaslug working capital causes 

the slSght upward trend in proflu. However, excep= for this slight =rend, 

the profit is flat over the middle years of plant operatluns, after the 

investment is completed, but before depre=iatlon starts to repay the equity 
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:::;~, YEAR PRICE 

;:;il '. ~. 1 7.31 
i 2 7 , 7 ,  . 

: 3 4.23 . . . .  
• ~ 4 - 4.01 : 

5 
6 

""¢:, ' 7 

8 

9 

10 
ii 
12 
13 
14 
15 
16 
17 
18 
19 
2D 
21 
22 
23 

: 24 
25 

&' 
3.92 
3.78 
3.65 
3.53 
3.41 

; 3.30 
3.20 
3.11 
3,02 
2.g4 
2.86 
2.79 
2.72 
2.65 
2.59 
2.51 
2.41 
2,32 
2,23 
2,16 
2,08 

" ".K 

AVERAGE PRICE 

Table  4.2t~ 

82 
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:~ BASE CASE 
INFLATION EFFECTS CONSIDERED 

EQUITY CASH FLOW 
YEAR IHVEST WORKING CAPITAL PROFIT ITC TO EQUITY 

l 

-LI - 2 8 . 9  0 O -28.9 

-3  - 6 0 . 6  0 0 -6o.  6 

-2 -127.3 o 0 o -127.3 

-l -66.9 -5.6 0 0 -72.5 

1 -18.8 -1.5 55.1 o 35.1 

2 -19.8 -0.7 58~i 0 37.7 

3 0 - 0 . 4  61 .2  0 60.8  

f.) 0 - 0 . 4  61 .2  0 60.8 

5 o -.0.- 4 61 .3  0 :, 60 .9  

6 o - o .  4 6 1 . 3  o ' i  6 0 . 9  

, 7 o - o . 5  6 1 . 4  O 6 1 . 0  
• 9j 0 - 0 . 5  6 1 . 5  Q 61.0 

O O -0.5 61.6 0 61.1 

I0 0 : ~=:--O. 5 61.6 O 61.1 

11 o -o:.5 61 .7  0 61.2 

12 o - 0 . 6  6 1 . 8  o 6 1 . 2  

13 0 - 0 . 6  61.9 o 61.3 

14 o -o.6. 62. o o ~z .  3 

15 o - o . 7  62.z o 6 1 . 4  

16 o -o.7 6 2 . 2  o 6 z . s  

1 7  o - o , 7  62.3 o 61.5 

18 0 - 0 . 8  62.4 0 61.6  

19 38.1 - 0 . 8  62.5 0 99.7 

20 60.4 - 0 . 9  56.9 0 116.4 

21 60.4 - 0 . 9  48 .0  O 107.5 

22 60.4 - 0 . 9  39 .0  O 98.5  

23 60.4 -1.0 30.1 0 89.5 

24 60.4 -1 .  o 21.2 0 eo. 6 

25 60.4 21.7 12.3 0 94.4 

Table 4.25 

84 

CUMULATIVE 
CASH FLOW 

- 2 8 . 9  

-89.5 

-216.9 

-289.3 

-254.2 

-216.5 

-155.7 

-94.8 

-34.0 

27.0 

87.9 

148.9 

210.0 

271.1 

332.2 

393.5 

454.7 

516.1 

577.5 

638.9 

700.4 

762.0 

861.8 

978.2 

1085.7 

1184.2 

127 3.7 

1354-3 

I148.7 

ROE = 15.9.% 
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investment. Th~ITC column is all zeros, reflecting the fact that no 

investment tax c£edit~ef£ects have been considered. The ~eturn to equity 

is 15.9Z. L 

The gas prices can be calculated ~ £oz combi~atlons of ITC passthroush 

to the customers and a surcharge during construction. Figure 4.26 sum- 
L 

marlzes the results by listing the average gas price for each possibility. 

The average gas prices have the same relationships between them as in the 

non-inflatlon case, with all of the prices lower. The returns to equity 

were also calculated. Bowever, the ~esults were:almost identical with the 

numbers from the previous analysis in Table 4.20, and are not reproduced. 

SUMMARY OF BASE CASE RESULTS 

• The financial m6~el, used to analyze the base case defined in Table 

4.2~ provides the following major results: 

i. The trajectory of gas prices, shown in Figure 4.11~ 

averages $4.13~Hcf. The sensitivity of this average 

price to ehanges.&n:base case assumptions is shown in 

Table 4.6. So~a affects can be appreciable. For example, 

if malntenancei'gost is 8Z of capital, the average price 
;! 

increases to $~.96~Mcf. 

2. Retu~ on~ty is sensitive to the ITC treatment. Table 

4.15 shows that the return can be in excess oE 20Z. Special 

cases may be possible that provide returns in the range of 

30 co 50Z. 

an opportunity to vary the magnitude and timing of payments 

for the gas. 

4. Inflation has the effect of reducing the constant dollar 

average price from $~.13~Mcf to $3.18~Mcf. The detailed 

relationship is shown in Figure 4.1~. 
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FINANCIAL MODELOUTCOMES 

The financial model outputs the followlng varlables, all corrected 

for inflation: 

1. The trajectory'of gas prices at the plant gate, 

2. The surcharge paid by customers durin E construction, and 

3." The actual returns to equity under a wide range of 
e'.. 
ii 

assumptions about Investment tax credits. 

Strictly speaking, none of these variables are outcomes in that they are 

not fed directly into the social value model. However, the price traject- 

ories are Important inputs to the SRI National Energy Hodelj whlc~is used to c~ 

culate the economic impact of the gasification plants. . .  

4. I. 3 LOCAL SOCIOECONOMIC ~ODEL 

Construct!on and o~ratlon of gaslflcatlon plan~s have sieniflcant 

potentia I social and economic impacts on the local area in which ~he plants 

are built. By "local" we mean an area within rouehly 50 ~o I00 miles of 

a plant. All of the potentlal plants would'be located in relatlvely sparsely 

populated areas ln the West -- nearby towns have populatlohs in the range 

of several hundred to a few tens of thousands. Building even slngle plants 

that require 3000 constructlon workers and i000 to 1500 operating workers 

poses both far-reachlng problems and opportunltles for such areas. The 

influx of workers and their dependents implies demands for housing and 

public services that such areas may be hard pressed to meet. On the other 

hand, p~rti=ularly in the:longer range, the employment and pouentlal eco- 

nomic stability o£fered by the plant provides opportunities for develop- 

ment tha~ many would deem worthwhile. In any case~ the lifestyles of 

many of the "natives" of the area wlll be permanently altered. 

The purpose of the socioeconomic model is to relate the impact of 

private and governmental d~clslons ~o local socioeconomic outcomes of 

interest to na~lonal decision makers, This process is outlined in 

F~gure 4.15. Besides the actual es~abllshment o~ the ~lant, typical private 

dec~slons that dlrectly affect the local area are whather or not to provide 
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worker housing; whether to train local workers or to import skilled 
/. 

workers; whether to provide loans or grants for public facilities; and 

SO on. Similarly, t he  federal government might provide loan guarantees 

O~ outright grants to the conmmnltles Co develop social services, or state 

governments mlght provide for transfer of tax revenues to local ~urls- 

dictions. These deelslons interact with the existlng conditions in the 

tm~n and region in which it is located" to yield the local socioeconomic 

outcomes listed to the right ~n Figure 4.15 -- population, unemployment, 

housln8~ and social servlces. We wil! define these outcomes much more 

precisely later in the section; for the moment, they represent the general 

categories of ~mpaccs that we a r e  c o n s i d e r i n g .  

CHARACTERISTICS AND STRUCTURE OF THE SOCIOECONOMIC MODEL 

In any town there are a variet 7 of social, political, and economic 

processes golug on, The socioeconomic model does not attempt to represent 

a l l  o f  these processes in  d e t a i l  - -  i t  gocuses on those that  are most 

important  i n  descr ib ing  the evo lu t i on  o f  the town. There i s  a housing 

market in which certain numbers of  living units o[  varying quality a r e  

available for a variety of prices. Because of its importance, the model 

contains an explicit housing submodel. Some people in town may have par- 

ticular advantages in furthering their own interests because they are 

cousins of the mayor. The model does not attempt to address these sorts 

of ~nteractlons. In general terms, the key attributes of  the model are 

t h a t  ic focuses on: 

i. Interactions -- the interactions and reciprocal relation- 

ships betweeu the important local socioeconomic variables 

are represented rather than just looking at each one i n  

isolation. 

2. Dynsm~Cs -- many of the potentlal problems in local areas 

are ones of timing; for example, needs for service precede 

revenues to provide services. The model represents the 

impacts on the socioeconomic outcomes ore% time. 

3. AEEre~atlon-- the interactions in the model are at a 

relatively aggregate level. For  example, in modeling 

economic phenomena, detailed market price behavior is not 

represented,  b u t  r a t h e r  a desc r i p t i on  o f  the r e s u l t s  of  

this process is offered. 
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F i n a l l y ,  t h e  mode l  has  been  d e s i g n e d  t o  p r o v i d e  a l a r g e  d e g r e e  o f  

flexibility in performing sensitivity analyses and testing alternatlve 

d e c i s i o n s .  

The p r i n c i p a l  I n t e r a c c l o n s  r e p r e s e n t e d  i n  t h e  s o c i o e c o n o m i c  model  

can be outlined as shown in Figure 4.16. The model can be thought of 

i n  t e r m s  o f  f i v e  s u S m o d e l s :  

i. Population 

2. Local economy 

3. Hous ing  

4. S o c i a l  se rv i ces  .. 

5. L o c a l  government revenue 

The population model represents the population dynamics of the town. 

We assume tha~ workeEs come to the town in response to Job availability 

and leave if jobs become scarce. Inltlally, most new Jobs are a direct 

conszquence of the plant; however, other jobs are generated in retail 

business and i n  the provision of social services. In a d d ~ t l o n  to leaving 

the area because of Job scarcity, workers wlll also. leave if public 

s e r v i c e s  are i n a d e q u a t e  o v e r  t o o  l o n g  a p e r i o d .  

The local economy submodel takes account of the plan= on the local 

economy, focusing partlc~lhrly on the impact on unemployment and retell 
b u s i n e s s .  

The r e . l a t l o n s h l p  b e t w e e n  e x i s t l n g  h o u s i n g  u n i t s  and t h e  demand i s  

r e p r e s e n t e d  £n t h e  h o u s i n g  submode l .  I t  i s  a d e s c r i p t i o n  o f  t h e  o v e r a l l  

i n t e r a c t i o n s  t h a t  t a k e  p l a c e  - -  n o t  a d e t a i l e d  s u p p l y / d e m a n d  model  b a s e d  

on m a r k e t  p r i c e .  Fo r  p r o p e r t y  t a x  p . r p o s e s ,  a m e a s u r e  o f  p r o p e z t y  v a l u e  

i s  c a l c u l a t e d  by relating existing housing go de,,-mnd. 

The social services submodel calculates the social services thac 

would be desirable as a function of populatlon and determlnes what can be 

provided ~Ith exlstlng revenue sources. A distinction is made between 

investment in social infrastructure -- schools, roads, and so on-- and 

t h e  m a i n t e n a n c e  of existlng facilities. Jobs g e n e r a t e d  in provid£ng soclal 

s e r v i c e s  are  i n p u t  Co the l o c a l  economy submodel. 
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i l  Sources off funds a v a l ! a b l e  to she l o c a l  government - - . p r o p e r t y '  
I reta~l sales tax, municipal bonds, transfers from other govern=ental tax, 

bodies ,  and money provided by the g a s l f £ c a t i o n  compaules u a r e  r e p r e s e n t e d  I 
R in the local government revenue submodel. The proper~y tax rate is sensl- 

tire to the level of services provided compared to the required or desir- 

able leuel. 

A 8asi[icatlon plant would directly impact each of these submodels 

in a variety oE ~ays. The most impor~an~ potential Smpacts are: 

" I. Population -- Plan~ affects i"~"igrauion directly through 

number of workers ~hau mus~ be Imported, and ~ndirectly 

through addlng more jobs to the ge.eral pool. The fraction 

of workers that must be imported from outside the area is 

an important parameter u~d~r at least partial control of the 

gasification company. 

! 2. Loca l  economy - -  P lan t  adds Jobs and i n d i r e c t l y  g e n e r a t e s  

retail bus lues s .  

6 3. Houslng-- The gasific~tlon company could affect the 

. housing market by providiD8 either permanent or tem- 

i porary houslnE for workers. From the socioeconomic 

point of vlew, this is an important decision variable. 

4. Soclal services -- The company could provide some social 

s e r v i c e s  d l r e c t l y ,  a l though  p r o v i s i o n  of  funds i s  more 

likely- 

5. Local 8overnment revenue-- Revenue for governmen~ services 

could be provided elther on a grant or loan basis, either 

by the gaslflcatien company, or by the federal governmen~ 

as pa~t of the commercialization program. 

'.. 
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By s e t t i n g  i n i t i a l  e o n d l c l o n ~  a n d  p a r a m e t e r  v a l u e s  a p p r o p r £ a t e l y ,  t h e  

m o d e l  o u t l i n e d  i n  F i g u r e  2 c a n  b e  u s e d  t o  r e p r e s e n t  ~he  i m p a c t  o f  a 

g a s i f i c a t i o n  p l a n t  o n  a n y  s m a l l  W e s t e r n  t c ~ n .  I t  c a n  a l s o  b e  u s e d  t o  

test the sensitivity to both alternative sets of assumptions and  to 

different governmental policies, such as grants and municipal loan g~mr- 

antees. 

DETAILED INTERACTIONS 

In the last sect~ n we outlined in general terms the interactions 

i n  ~he socioeconomic model. In this section we will discuss our assump- 

tions In more detail.* Figure 4.17 represents the detailed interactions 

represented in the socioeconomic model. Most of the variables represented 

in the model are shown, aloha with the variables with which they interac~ 

directly. The fi~,re Is drawn as a causal interaction dlagram. An arrow 

between ~wo variab!eS indicates that two variables interact directly. 

The direction of the arrow ~ndica=eswh!eh variable affeets the other 

and the sign on the arrow shows the sense of =he Snterac=ion. Thus the 

interaction between population and re~ail business :~ 

+ 
P o p u l a t i o n  ~ R e t a i l  B u s i n e s s  

Indleates that population dlrectly af£ects retail business and ~hat an 

increase (decrease) in population causes an increase (decrease~ in retail 

business, if all other varlables are held constant. Similarly, the minus 

siEn on =he interaction between unemploymen~ and immigration Indlca~es 

that an increase (decrease) in unemployment decreases (increases) immigra- 

tion. 

Notice that by carefully representing all of the direc~ interactions 

between variables in the model, many complex indirect interactions are 

eventually represented. For example, suppose population is increased. 

One of the affects of this is to Increase retail business, which generates 

more jobs so that to~al jobs are Increased. This in turn decreases the 

unemployment rates which cnuses Immlgratlon to increase and ~inally causes 

population to increase. Thus there is a pusltive, or deviation simplifying, 

feedback 10op. However, it interacts wlthmany other loops. The same 

! 

* Readers not i n te res ted  i n  the d e t a i l  can s~Lp to the next  sect ion,  
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o r l g i ~ a l  J u t / t e a s e  i n  p o p u l a t i o n  l e ~ d s  t o  an i n c r e a s e  i n  the  l a b o r  f o r c e  
. ' , '  j ,  

which  c a u s e s  ~ n c r e a s e  i n  unemployment .  T h i s  d e c r e a s e s  i~mmlgraelon and 
!t 

h e u ~ ' ~ u l a t ~ o n .  T h i s  ~s a n e g a t i v e ,  or  d e v i a ~ i o n  d e c r e a s i n g ,  f e e d b a c k  

l o o p .  To u n d e r s t a n d  t h e  p o t e n t i a l  i n t e r a c t i o n s  r e p r e s e n t e d  i n  t h e  m o d e l ,  

we w i l l  o u t l i n e  the  assumptions  made i n  each  subm0del. 

POPULATION SUBMODEL* 

Population grows at a fixed rate plus i~igration. Immlgration is 

a function of both the fraction of construction and operating labor that 

must be imported from outside the area and the unemployment rate and level 

of government services. If the local unemplo)~uent rate is small relative 

to the larger reEion in which the area is located, more people will tend 
L 

to ~mmigrate. If the level oE government services provided is belbw the 

level that would be desirable for a particular population, people ~kll 

eventually tend to emigrate. 

LOCAL ECONOMY SUBMODEL 

The total number of ~ohs available at any given time is the sum oE 

plant Jobs, retail jobs, government jobs, and o~her jobs. The other jobs 

represent ranching sad farming jobs, o~her industrial jobs, financial 

Jobs, and other jobs no= expllcicly modeled. They are assumed to grow at 

a fixed rate. Plant Jobs are input as either construction or operating 

jobs. Government Jobs are determined by d~vldlng the level of government 

services by the average number of dollars spent per worker. There are two 

categories of government wrokers -- those ~nvol~.ed in building capital 

facillt~es and those involved In maintalnlng existing facilities. ReUall 

business is found by multiplying the total p0pular~on by the average 

spending per p e r s o n .  Re~ail jobs can ~hen be determined by dividing the 

total retail business by an average amount of retail sales generated by 

an employee. The labor force is calculated by multiplying populatio~ by 

the fraction of the people that work. ~inally, the unemployment rate is 

just equal to the labor force minus the tutal jobs available divided by 

the total Jobs available. 

HOUSING SUBMODEL 

A measure of the housing required is calculated by dividing the total 

populatlo~'~by the average number of-people per~llving unit. The dynamics 

* The equations f o r  each submodel are  included in Appendix A. 
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of zhe houslng market are then modeled descrlptively a~ follows: If the 

housing required is greater than the amounn of houslng available, new 

housing is constructed at a rate proportional to the difference with a 

specified average construction delay. Untll adequate housing is avail- 

a b l e ,  people  a r e  assumed to  double up and to  l i v e  in  subs tandard  u n i t s .  

I f  the amount of  e x i s t i n g  housing i s  g rea t e r  than that  required,  then 

the housing s~oek d e p r e c i a t e s  a t  a r a t e  D r o p e r t i o n a l  to the  d i f f e r e n c e  

wi th  a s p e c i f i e d  a v e r a g e  d e p r e c l a t l o u  t ime .  Housing can a l s o  be s u p p l i e d  

exogenously independent of the operation of the market as might be done 

by a gaslflns~ion company. The overall propeTcy value of the houslng 

stock is found by evaluating the stock at a nomlnal value per unit and 

then taking account of inflation caused by any imbalance between required 

and existlng housing. The property ta~ rate :is a function of the ratio 

of government c~Jenue require~ to provide a ~asirable level of social 

services to the actual government revenue available. Account is taken of 

the time delays inherent in the social and political processes that accom- 

pany changes in tax rates. 

SOCIAL SERVICES SUBHODEL 

-| 

Two different types of activities are distinguished in the social 

services submodel. They are investment in social1 infrastructure such as 

schools, courthouses, roads,~nd so on, and maintenance and operation of 

exlstlng facil~tles. For each of these categories a "requlred" figure 

and a "provided" figure is calculated. The "required" figure reglects 

levels that would be deslrable and the "provided" figure reflects what 

can actually be accomplished. ~ 

The social services submodel is based on the assumption that there is 

a level of investment in soela1:infrastructure that is necessary to pro- 

vide a set o£ adequate and desirable services such as schools, police, 

roads, and so on, in a cumunlty~ This figure Is commonly thought to be 

in the range of $5,000 to $7,000per person. Thus, a level of required 

social infrastructure can be found by multiplying the population times the 

required social infrastructure per person. The amount of social malntenan?e 

required to operate and maintain existing social infrastructure is some 
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f r a c t i o n  o~ the  s e e l a l  f n f r a s E r u c c u r e  a c t u a l l y  i n  p l a c e  p l u s  r epayments  o f  

l o a n s  and bonds  as n e c e s s a r y .  

In ggtuallty, the amounts of infrastructure and malntenance provided 

may be difEerent than the required amounts depending on the amount of 

revenue available, In spending available Eunds we assume that maintenance 

is p r o v i d e d  fo r  first. I f  there is adequate money a v a i l a b l e  to also cover 

investment in new infrastructure, the money is spent at a rate proportional 

to the difference between what is required and what is provlded,.wlth an 

average .~Ime delay ~o account for the lags'in impZemen=ing and completlng 

capital projects. When possible, new investment covers not only new 

faeilities~ but also depreclatlon of old facilltles. If ~here £s not ade- 

quate revenue to cover requlred malntenance, then only partial ~intenance 
,i 

is provided and no investment, causing the soclal Infrastructu~ito begin 

to d e p r e c i a t e .  - ,~ ]L , (  

LOCAL GOVER~IEh~' REVENUE SU~.IODEL ~, 

Local government revenue is collected from four sources: property 

t a x ,  i n c l u d i n g  the  p l a n t  p r o p e r t y  t a x ,  bond r e v e n u e ,  i n t e r g o v e r n m e n t a l  

transfers, and money from other sources (principally loans or grants from 

gasification com~anles). 

LOCAL SOCIOECONOMIC MODEL RESULTS 

The local socioeconomic model has been run to demonstrate the inter- 

actions =aptured in the model, to make a preliminary assessment of the 

implications of introducing a plant into a remote environment, and to 

explore possible means of mitigating the resulting impacts. A base case 

has been constructed representing a hypothetical Western town where a 

gasification facility might be  built. Table 4.27 is a detailed listing of 

the assumptions for this case. The town starts with 5,000 citizens. 

There are enough Jobs tO produce an unemployment rate of slightly less 

than 5%. The houslng stock and exlstlng social infrastructure are suf- 

flelenr ~o support the existing population. The state government provides 

$1M of outside support per year. 

Three important variables are plotted over time in Figure 4.18. The 

bottom axis represents time. The negative numbers are plant construction 

years, of which there are four. (This has no meanlng for the base case.) 
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T a b l e  4 .27  

BASE CASF TOW.r| ASSUMPTIONS 

Population Submodel 
Init ial Population 
Population Growth Rate 
Population Percent in Labor Force 

,. Regional Unemployment Rate 

Service Adjustment Time 

Local Economy 5ubmodel 
In i t ia l  Other Jobs 
Other Job Growth Rate 
Average Maintenance Per Government E~ployee 
Average Investment Per Government Employee 

."~. Init ial Retail .Sales 
Average Sales Per Retail Employee 

Housing Submodel 
Init ial Housing Units 

Value of a House " 
House B~ilding Delay 
House Destruction Delay 
Average People Per House 
Init ial Property Tax Rate 
Tax Adjustment Time 
Init ial Property Value Inflation 
p~perty Value Adjustment Time 

Social Services Submodel 
Desired Social Infrastructure Per Capita 

Social Investment Delay 
Init ial Social Infrastructure 
Social Maintenance Fraction 
Nominal Depreciation Rate 

Local Government Revenue Submodel 
Inter Governmental Revenue Transfers 

SB.)es Tax Rate 
Init ial Town Tresury 
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The years labeled i to 25 are the llfe of a gasification plant. The 

t o p  graph  shows t he  t o w n ' s  p o p u l a t i o n .  ~ t  8rows s l o w l y  ova± t i m e ,  

r e s p o n d i n g  to  the  s low growth of  t he  economic  b a s e  of  the  communi ty .  

The b o t t o m  g raph  has  two percentage p l o t s .  One shows t h e  p e r c e n t  of  

the required housin8 that is provided. It is essentially I00%, being 

sl~ghtly less to reflect the lag in the housing market. The second 

llne traces out the percent of required social infrastructure provided. 

It initially drops, and settles at about 80%. The ~own is slightly short 

o f  t a x  b a s e ,  and c a n n o t  r a i s e  enough t a x  r e v e n u e  to  p r o v i d e  and s u p p o r t  

t h e  r e q u i r e d  social infrastructure. .-. 
In interpreting the plots of required housing and infrastructure pro- 

vided, it is important to keep clearly in mind the sense in which the 

world "required" is used in the model. The required level of housing is 

the number of living units that would be necessary to house the total 

popul~tion at any time if an average of 2.75 people lived in every house. 

IChen the amount of housing provided is less than the required level, we 

assume that people double up and live in substandard units. The required 

figure is a number used for comparison. Similarly, the required social 

infrastructure is the/~mount of infrastructure ~hat would be required if 

$5,500 worth were provided for every person in the population. 

SENSITIVITY ANALYSIS 

Seven sensitivity runs were made. All introduce a coal gasification 

facility into the local area, and trace the socioeconomic impacts. 

Various mitigating measures have been attempted. The assumptions for the 

base case are retained, except for those changed as listed in Table 4.28. 

Case 2 introduces the plant into the area without any attempt to 

reduce the adverse effects. The local labor force is increased by the 

construction and operating associated with the gasification venture. 

The tax base is increased by $100Mwhen plant start-up occurs. The full 

plant value as $1,10014. The fact that only part of the plant value is 

included in the local tax base represents an attempt to model the amnunt 

of tax revenue that will flow to the town from a large facility located 
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Table 4.28 

Chan~es in AssumpCi?ns  

C a s e 2  

Plane Labor 
Year -4 
C o n s t r u c t i o n  200 
Operation 100 

Assessed Value of Plant 
Year 
Assessment, SM 

Case..____33 

Same as Case 2 except: 

- 3  -2  -1  1 2 3 to  25 
1200 2800 2800 1000 500 0 

200 600 900 1300 ]400 1400 

-~ t o - 1  1 to  25 
0 I00 

Exogenous Housing Pro~4ded,  New U n i t s  pe r  Year  
Year  -4  - 3  
U n i t s  50 450 

Case_.._.~4 

Same as Case 3 except :  

0utfront Money 
Year  -4  t o - 1  1 CO 25 
Amount per year, SM !0 0 

0utfro~t Money Repayment 
Year -4 to -I 
Amount par year, SH 0 

Case_.___~5 

Same as Case 4 except: 

Plant Assessed Value 
Year -4 to-i 
Assessment, $M 0 

Cas s..____~6 '7" :~ 

Same as Case 3 except: 

Ge-vernment Transfers 
Year -4 to  2 
Transferred Funds, $M i0 

Case__....! 

Same as Case 1 excepc: 

Plant Labor ~ " 
! 

Year ' -4 -3 -2 -I 
.'..' Construcc£on 200 i000 1600 1500 

0peraVlu8 i00 200 500 800 

Case 8 
Same as Case 7 except: 

Same Exogenous Housing as  Case 3 
Same Out£ront Money and Repayment as In Case 3 

-2  -I i t o  25 
1500 500 0 

1 to  25 
1 .5  

1 t o  25 
1,100 

3 to 25 
6 

I01 .~.. 

1 2 3 
1500 1600 1000. 
1000 1100 1300 

t . 

, j: 
: 

4 5 to 25 
250 0 

1400 Z400 

.'t:'* 
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J u s t  o u t s i d e  i t s  l e @ a l  b o u n d a r i e s ,  The r e s u l t s  o f  I n t r o d u c i n g  t h e  

plant are shown in Figure 4.19. The top graph shows that population 

increases rapidly during construction, and settles down after plant 

start-up to a figure of about 12,000. The housing market is initially 

unable to provide the desired housing. There is a building boom, which 

overreacts in the early plant operation years. The market eventually does 

reach an equilibrium oE sbout 100%. Social infrastructure is not adequate 

to support the population during influx. Over the long run, the greatly 

increased population cannot be supported by. the increased tax base. 

However, almost 90X of the required~nfrastrucnure is provided, compared 

to the 80% achieved by the town alone in the base case. 

Case 3 is shown in Figure 4.20. The same plant is introduced into 

the area. However, exogenous housing of 2500 units is provided by some 

outslde entity. The population growth is s!igh~ly higher than in Case 2. 

The additional housingstock generates a broader ta~ ba~?,providlng more 

revenue for government services. The higher level o~ ~6vernmant services 

induces more citizens to remain in the town after completion of the plant. 

The housing shortage during construction is much less marked. The social 

infrastructure is slightly improved from Case 2, reflecting the hlgher 

tax base caused by the additional houses. 

Case 4 adds out-front money from an ouRside agent. In other words, 

a series of $10M grants are made to the town during construction, with 

repayment of $1.5M during pAant operation. Figure ~.21 shows the results. 

Pdpulation is similar to other plant runs, with slightly higher growth 

do, to the more acceptable level of social services. Again, the exogenous 

housing input has reduced shortages. The social infrastructure shortfall 

has not been eliminated -- it would be almost impossible to provide infra- 

structure for such rapid growth -- but is has been signi£Icantly reduced. 

Case 5 makes on addition to Case 4. The exogenous housing and out- 

front money is still provided, but the full plant value of $1,10OM is 

included in the local tax base. Housing and population are essentially 

unchanged from Case 4. There is, again, a slight increase in ~he population 
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due to the increased level of soclal amenities. The increased tax base 

does no t  s t a r t  u n t i l  p l a n t  o p e r a t i o n ,  so t h a t  the  i n i c i a l  s h o r t a g e  of  

social infrastructure is not reduced during construction. However, the 

town now has sufficient funds to provide the desired infrastructure £n 

the long run. Figure 4.22 illustrates Ehis case. 

Case 6 drops the ou~-fronc, repayable money and full assessment 

assumptions. Instead, the intergovernmental transfers of funds to the 

town are increased, greatly at first to build infrastructure, and at a 

reduced rate later to maintain the existing base. Figure 4.23 provides 

the graphics. The plot is almost identical to the previous figure. The 

early government funds duplicate the effects of out-front money, while the 

revenue transects during plant operation provide results similar to the 

increased tax base of the p~evious case. 

Case 7 InEroduces a new plant construction schedule. "phased" con- 

structlon. Nhile the final ¢apaclty is the same as in former cases, it 

Is built in two stages, requiring eight years of construction instead of 

six. No outside money or housing is provided, so this case should be 

compared to Case 2. Intuition would indicate that phased construction, 

with its lower peaks in construction labor, would cause less chaos. 

However, the result is contrary, as demonstrated in Figure 4.24. The 

shortfalls in housing and social services arc almost as great at any 

period of time, and persist for a longer duration. The socioeconomic 

impacts of phased construction actually seem more severe. 

Case 8 attempts to mitigate the impacts of phased construction. The 

same amount of exog~t~us housing and out-front money is provided as in 

Case 4. As Figure ~.25 demonstrates, progress is made. However, paral- 

leling the results of the previous case, a mitigated phased constructlon 

schedule impacts the l o c a l  community in a less desirable manner than a 

mltlgated regular construction time ~able. 

DETAILED MODEL RUNS 

The local socioeconomic model is very  complex, capturing numerous 

interactions of the social system. For the reader Interested in building 

a more complete unders~andlng of the model, the detailed outputs of Cases 
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I, 2, and 4 are listed in Table 4.29. These results, and the equations 

listed in Appendix A, can be studied at the desired level of detai~: 

SUMMARY OF LOCAL SOCIOECONOMIC RESULTS 

The• analysis of the impact of the gasification facility on the base 

case town provldes the following results: 

i. The local community will be strongly impacted by the 

introduction of a coal gaslficatlon plant. 

2. Various combinations of measures can help reduce the 

impacts on the town. 

3. The labor force build-upassoclated with a plant is 

so rapid that total elimination o~ adverse impacts 

appears very dlfflcult, if not impossible, to achieve. 

4. Lone run help, in the form of increased government 

transfers, or inclusion of the plant in the local tax 

base, is required to support the increased population 

in the town. 

5. A phased construction schedule appears undesirable. 

SOCIOECONOMIC 0UTCOMES 

The outcomes from the socioeconomic model, defined in general terms 

in Figure i, can now be defined more precisely: 

i. Population increase over base case measured in 

number o~ people 

2. Routing available minus housing required measured 

in number of units 

3. Social infrastructure provided minus social maintenance 

requlzed measured in dollars 

4. Soclal maintenance provided minus social maintenance 

required measured in dollars 

All of the variables are calculated yearly throughout construction and 

the li~e of the plant. 
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4.1.4 COAL MINE MODEL 

The coal mine model keeps track of the coal ~hat must be provided 

for the plant, the number of lives lost mining the coal, and ~he dis- 

ruption of the land resulting from mining and plant operation. The 

amount of coal mined is calculated directly based on the thermal 

efficiency and stream factor of the plant. The coal mining deaths are 
proportional to the tons of coal mined. ~ 

The land utilized by the plant and ~L~ne falls into two categories: 

First, permaneuu facilities are erected on land~ ~ha~ is, land is utilized 

throughout the project life by plant and mine permanent facilities. The 

second contributing factor to land disruption is the mine. Two years 

before the plant start-up, ~rel~trlpping operations besln in the mine. 
"~ 

Coal is mined throughout the llfe of the plant. It ~akes three years, 

after minlng, to restore the land ~o approximately i~s original state. 

Thus, at any time during the plant opera~ion, four years worth of mining 

acreage is disrupted. The model accounts for land disrupted by mlnlnE 

over time, including start-up of mining and the reclaiming that takes place ~ 

after the plant shut 9 down, The model also keeps track of the amount of 

land that has been reclaimed at any time. 

MINE OUTCOMES 

The outcomes from the mine model are the number of deaths related to 

coal minlug and the amount of land disrupted each year after initiation of 

plant construction. The air and water pollutants associated with the mine 

are included in the plant emissions. 

:j; 

4.1.5 WATER SUPPLY MODEL 

Under some conditions, extensive gasification facilltiesmight utilize 

a significant fraction of the water available in a given region. This 

would have undesirable impacts both ~ terms of w~thdrawing the water 

from other potential uses and in causing an undesirable aesthetic impact. 

At present, rather than developing a detailed model of the water supply, 

we have a simple accounting relationship ~hat keeps track of the ~otal 
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amount of water used by the gasification plant and mine. If the mag- 

nitude of water usage appears to he of critical signlfica~ce,hthe model 

can be elaborated at a later da~e. 

WATER SUPPLY OUTCOMES 

The outcome from the water supply model is the yearly amount of 

water utilized by the plant and mine. Water pollutlon is accounted for 

Jm the plant' model. 

4.1.6 GOVEKNME~T COST MODEL 

Although, as we discussed in Section 2.0p the cost to the government 

can be misleading if it is considered in isolation, it is still an outcome 

of interest. The government cost model accumulates six categories of cnst: 

i. Subsidies 

2, Construction grants 

3. Administrative 

4. Transfer payments 

5. Lost taxes 

6. Defaults 

In calculating government costs, we will use the same base case assumptions 

given in earlier subsections, plus the following three: First, assume 

chac full cost of service pricing is used. Second, assume that the govern- 

ment administration costs are one-half million per year." Third. assume 

that a Northern Great Plalns..location is used. 
F 

SUBSIDIES ": 
c 

Subsidies are paymen,~s~from the government to the energy producers 

to provide financial ih6entives for development. These payments are cur- 

rently not anticipated in the coal 8aslfieation program, and are not 

considered further. 

CONSTRUCTION GRANTS 

Construction grants are monies chat the government contributes to 

the erection of energy producing facilities- This ~ormof incentive is 

not anticipated in the coal gasification program, and is not considered 

further. 
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ADMINISTRATIVe: 

The administrative cost is $2.0 million per year during construction, 

and $.5 milllon per year for the 25 operating years of a gasificatlon plant. 

TRANSFER PAYMENTS 

A coal Easificatlon facility will employ workers in new Jobs. These 

workers can he considered to he drawn from two categories: the unemployed 

and ~he amplcyed. Each job in a Easificatlon plant will create approxi- 

mately one ocher Job in the support services sector. Every job that utilizes 

a previously unemployed person reduces government transfer payments, such 

as welfare and unemployment benefits. 

The transfer pay,~nt area must be approached with caution o n  two 

points. First, the jobs will not all reduce unemployment. The economy 

as a whole will change, as people realign themselves with the economlc 

activity that exists after the coal gasification plant is in operation. 

Many of the plant jobs ~$[i1 be filled by workers that were previously 

employed in other jobs,~:~:mplylng that one hundred jobs created at a gasi- 

fication facility would'::~c k,:e unemployment by slgnifleantly less than 

one hundred. Second, transfer payments represent money flows from one 

part of society to another. There is no net benefit associated with an 

increase or decrease in ;'ransfer payments. 

What is the maximu.~;magnitude of savings? Assume that a facility 

employs 1,000 people, cr~.atln8 a total of 2,000 jobs. Assume that all 

2,000 jobs are filled y':unemployed persons. For the ~ransfer payment 

savings, use an unemployment payment of about $75/weekJ~ The yearly 

savings i s  

2,000 people x $75/person-week x 52 weeks/year = $7.8M 

The discounted present value is 

4 29 :7.8 e-rt[29 14 7.ee-rtdt =-~ 

At r = .i, the result is $48M. 

For analyzing the difference between bids, it is important to cal- 

culate differences between bids in transfer payment savings, and the 
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government bodies that receive the benefits. That fs, it is important 

to understand differences in national benefits, and the reglons that 

receive the benefits. 

First consider the differences between bids. Northern Great Plains 

plant location would be very similar in the absolute value of transfer 

payments saved, because they will tap approximately the same labor markets. 

The Four Corners plant 1ocationswill likewise have approximately equal 

savln&s. However, since unemployment on the Navajo Reservation is high, 

it is possible that t h e  Four Corners plants may generate more savlngs than 

a Northern Great Plains ibcatlou. Assume that non-native American workers 

are split: 80Z employed, 20Z unemployed. Assume that a Northern Great 

Plalns plant employs 10Z native Americans, while a Four Corners plant 

employs 6OZ native Americans. The number of unemployed~orkers hired is 

Four Corners: 

.4 x .2 + .6 x .6 = 4~Z 

Northern Great Plains: 

.9 x .2 + .I x .6 - 2~Z 

The difference in benefits saved would be 

(.44 - .2~) x $48M = $9.6M 

in favor of a Four Corners location. (This sssumes that a Navajo receives 

the same transfer payment as a non-natlve American.) 

There is also a possible regional difference in the distribution 

of the savings. Assume that all nun-native American transfer payments 

are made by state and local governments, while native Americans are paid 

~y the federal government. 
payments is 

Four Corners 

Northern Great Plains 

The breakdown by source of savings for transfer 

Federal Payments State Payg. ents 

$17.3M $3.8M 

$ 2.9M $8.6H 

118 °:i 



r' 

% 

:L 

LOST T ~ E S  AND DEFAULTS 

The l a s t  two c a t e g o r i e s  o f  g o v e r n m e n t  c o s t s  a r e  l o s t  t a x e s  and 

d e f a u l t  c o s t s .  Under  d e t e r m l n i s l l c  c o n d i t i o n s  w i th  f u l l  c o s t  o f  

s e r v i c e  p r i c i n g  a s  we have  assumed f o r  c o a l  g a s i f i c a t i o n ,  t h e r e  a r e  

no l o s t  t a x e s  or  d e f a u l t  c o s t s .  The r e a s o n  t h e r e  a r e  no d e f a u l t  c o s t s  

i s  o b v i o u s ;  howeve r ,  t he  r a t i o n a l e  f o r  t h e  s t a t e m e n t  t h a t  t h e r e  a r e  no 

l o s t  t a x e s  r e q u i r e s  a l i t t l e  more e x p l a n a t l o n .  

Suppose  t h e  c a p i t a l  ma rke t  i s  r o b u s t  enough so  t h a t  i t  i s  e s s e n t i a l l y  

what economists call a lineac market with respect to the capital invest- 

ments helng made in gasification. This means that the coal gaslf[catlon 

venture financlng wou~d not affect the cost of capital for the economy. 

Since the gasification plant would cost approximately $1.1B, spread over 

a four-year period, and total capltai ~xpendltures by private industry 

fall in the range of $100B per year, the llnear'matket assumption Is 

reasonable. I~ the rate of return Kuaranteed to the gasiEication companies 

by the regulatory agencles approximates the return in the capltalmarkets, 

then the investment in gasification plants will have no incremental effects 

on capital expenditures or  returns and hence there will be no lost ta~es. 

Of course, neither of these assumptlons will ever },old exactly ~n pro'floe; 

however, they appear tc ~e reasonable approximations in the present context. 

Notice that this discussion says nothing about the fact that the 

resources used in a gasification venture may not be optimally utilized. 

That is, they may produce a higher social product in another application. 

This effect is reflected in the cost benefit portion of the analysis, and 

does not chanEe the government tax revenues. 

We will assume that there are no lost taxes or default costs under 

certainty. These costs only occur when we consider uncertainty explicitly; 

if~ for example, the plant Zails. Figure 4.26 outlines in general terms 

the situations under which there might be lost taxes or default costs. 

To get an idea of the size of potential costs that we might find in Khe 

probahilistic analysis, let's discuss each case. 
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LOST TAXES 

If, for some reason, the cost o~ service method is not used to .'i~ 

determine price, a reduced return to debt or equity would result in ..~:~:~::--~ 

lower tax revenues. If the after-tax profits decrease, ~ h e r e  are less 

taxes paid by the company. Also~ the reduced profit of th~ company 

would reduce the stock dividends. These dividends are paid to individuals, 

who pay tax on them. Thus, the government would find reduced taxes from 

two sources, the utility and individuals. 

Consider the following example. The cost of service is reduced, so 

that the utility earns I0~ on equity instead of !5~. The interest on 

debt is maintained. The company has a 52~ total tax rate. 40Z o~ the after- 

tax profits are paid out in dividends, to people with an average tax rate 

of 35Z. Table 4.30 shows how the lost taxes are calculated. The profit 

levels correspond to the profits.earned in the base case of the gasifi- 

cation plant. If the substantial reduction of company profits occurs, 

then government taxes are reduced sisniflcantly. ~f interest is net paid, 

it is multiplied by the a~erage tax rate o~ its recipients to calculate 

the amount of lost tax. 

DEFAULT 

The loan part of the plant financing is guaranteed by the government; 

if the venture is a failure, the private sector participants may default 

on the loans, and the 8overnmant would have to repay them. Any 8overnment 

cost would be offset by proceeds from operatin8 or selling the facility 

that it took title to at default. If full cost of service is allowed, 

then there is no possibility of default, for the consumers are payin~ all 

costs of operatioa of the facility. 

If, for some reason, price is not determined by the cost of service, 

it is necessary to determine if the cash flows would induce the privat~ 

company to continue plant operation. The company has two options: 

i) Default, The remaining equity investment is taken as a loss, 

and written off against pre-tax income. This reduces taxes, 

by an amount equal to the equltywrltten off tlmes the company 

tax rate. Since this flgure could be a large amount of money, 
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it is possible that there would not be enough pre-tax 

income in the year of default to use all of the write- 

of~.  Then the tax savings are discounted at ehe company's 

cost of capital to arrive at a present value. 

il) Operate. The plant is producing an operating margin. This 

is the sales revenue, including by.~product credits, minus 

O&M cost and interest on debt. The tax cash flow is the 

tax rate times the operating margin minus the tax rate times • 

the depreciation. If the depreciation exceeds the operating 

margin, then the plant is making a tax loss. This would result 

in a negative tax, indicating a positive cash flow. The third 

component of yearly cash f l ow is an outflow to repay the debt on 

the facility. The yearly cash ~low can be computed for all 

remaining years of the plan~ llfe, and discounted to a present 

value using the company's cost of capital. 

The company compares the present values associated with each option, and 

selects the decision with the highest value, (This assumes that the 

company does not place a value on the public relations aspects of default- 

ing on a government loan.) ~f the default option is chosen, then the 

government must pay off the outstanding debt. 

The government cost would be reduced by  t h e  remaining value of the 

asset that it has taken ownership of. The plant is producing a stream of  

cash £1ows equal to ~,e sales revenue minus the O&H cost. (Notice thac 

interest and d e b t  repayment are not considered at this stage of the 

analysis.) ~he government could operate the facility, and receive ~hese 

cash flows. Or, the plant could be sold to private industry. The price 

would be computed as the discounted value of the cash flow stream t o  the 

company. The cash flow stream is made up of the variable cash flow dis- 

cussed at the beginning of the paragraph, corrected by the tax payments. 

The private company purchase price would establish an asset on their 

books, which would be depreciated across the remaining life of the pro~ect. 

The tax would be the variable cash flow tlmes the tax rate minus the deprec- 

iation times the tax rate. 
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RESULTS OFT HE BASE CASE 
Subsidies and construction grants are act in force f o r  the coal 

gasification conunerclalization program. Because the price is determined 

by the full cost of service, the government will lose no tax revenues, nor 

have to pay back bond holders on default. The administrative cost as $2M 

per year during construction, and $.5M during operation of the gasification 

plant. 
The Northern Great Plains location determines the transfer payment 

savings caused by a coal gasification facility construction and operation. 

The total labor assumed for a plant in the socioeconomic model is used. 

For every 1,000 workers, the federal government saves 

.05 x 7.8 = $.47M 

in transfers t o  Indians. This figure Is multlplied by the workers per 

year to produce the transfer payment savings by year. Except for the 

construction years, the federal government has positive flows -- or 

negative costs -- for every year of a gasification project. ~owever, the 

magnitude is very small. Table 4.31 contains the yearly costs, where the 

parentheses represent a negative cost. 

• * t ' 

: .....~ 
: ' ,  . ~.~ 

4 . 2 . 0  LOnG RUN E F F ~  
The long run effects of cou~ercializing a Lurgl plant now versus not 

commercializing now are analyzed on a regional basis over a fifty-year 

time horizon using the SRI National EucrgyModel. This section describes 

how that modQl is used to answer the following question: If a Lurgi plant 

is commercialized today, what would be the regional and national economic, 

environmental, and socioeconomic changes in the energy system over time? 

A detailed description of the model itself is not available at this time; 

however, an overview is included in Appendix B. This discussion will first 

address what capabilities are required of the energy model and then how to 

use them. 
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COST TO GOVERNMENT 

TRANSFER PAYMENT 
YEAR LABOR ' COST, $M 

-4 3OO (.14) 

-3 1400 (.66) 

-2 3400 (1.60) 

-1 3700 (1.74) 

1 2300 (1.08) 

2 1900 (.89) 

~TO 25 1400 (.66) 

ADMINISTRAT! 
COST, $M 

.50 

.50 

": 50 '" "£' e 

.50 

.50 

,50 
,50 

Table 4.31 

"i!i~ 
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(1.10) 

(1.24) 

(. 58) 
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4.2.1 ENERGY SYSTEM MODEL CAPABILITIES 

Conslde: a slngle bid, that is, a single proposed Lurgi plant at 

a given location and time. There are two options available: 
/ 

I) Accept that particular bid; 

2) Reject that particular bid. 

We will now develop three potentially important categories of conse- 

quences of accepting or rejecting that particular bid -- economic, environ- 

mental, and socioeconomic. It should be kept in mind that the energy system 

model we are describing isdetermlnlstlc; uncertainty will be  discussed later. 

ECONOMIC EFFECTS 

The economic e~fects of accepting or re~ectlng a particular bid are 

manifested in terms o~ changes in gas pric~s and h~nce in terms of chaages 

in usable energy prices.* I£ the bid Is accepted, the gas from Ehe plane 

will Be sold, usually at a high price, in a particular region which we will 

call the "con~nercial plant demand region." All cuber regions. =here no gas 

from the first plant will be sold, will be called ~he "non-commercial plant 

demand regions." Suppose we plot the price of gas in the commercial plant 

demand region over time assuming (a) that the bid is accepted, and (b) that 

the bid is not accepted. The top plot in Figure 4.27 illustrates what such 

a plot might look llke. If the bid is acceptedp that region might expect 

to pay higher gas prices, partlcularly in the near term, than if the bid is 

rejected. However, economic benefits of building ~he first commercial 

Lursi plant are realized in terms of lower gas prices from future Lurgi 

plants and perhaps future second generation gas plan~s. If indeed the first 

plant is built to give experience, the case could be made that the first 

plant will "slide" the learning curve Eor synthetic gas forward in time, 

perhaps even decrease the curve for all tire. Figure 4.28 illust~ates such 

a learning curve, which is the same type as those discussed in Section 4.1.1. 

This curve assumes that the first Lurgl plant simply slides ~he curve for- 

ward in time. Figure 4.28 describes only the capital cost per Mcf of output; 

slm/lar learning curves msut be considered for many other aspects of the 

plant as well. The learning curve in FIEure 4.28 would imply declining gas 

* For the present, we will assume de-regulation of natural gas at the well- 
head. Appendlx C outlines conceptually how regulation could be incorporated 
into th~ SRI National Energy Model if it should be necessary. 
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prices from synthetic gas plants over time due..to, reduced capital cost per 

Mcf of output. Note that the capital cost reduction in Figure 4.28 

ultimately declines to zero if we assume that the first plant slmply 

slides the learning curve forward in time; as the synthetic gas industry 

becomes mature, the way it was flrs~ commercialized becomes less important. 

Hence, in the commercial plant demand region, the high cost of gas from 

the first:Lurgl plant is borne throughout its llfe. But the benefits from 

building subsequent .gas plants at lower cost uslng what was learned from the 

first plant will ~egin to accrue in the longer run. 

In both the bid acceptance and rejection cases, the actual price of 

gas in the commercial plant demand region is a complicated function of many 

factors besides the caplral cost pictured in Figure 4.28. Other factors 

include the natural gas supply, LNG supply, Canadian gas imports, Alaskan 

gas supply, and gas supply from both Lurgi and second generation synthetic 

gas plants built outside this loan guarantee program. The price is not only 

a function of other supply sources, but is also a function of ongoing gas 

R&D programs. Thus our energy system model must be capable of computing 

regional gas price information over time in a very complex environment. 

Gas price information, however, is not sufficient, for if gas prices 

increase customers may switch to other energy froms, depending on the 

economics of those other energy forms relative to gas. The economics of 

these swltchovers muse be incorporated. Hence, we must look at the price 

of usable energy over time in the commerclal~91an~ demand region, taking 

into account the relative prices a~d conversion costs of al__!l fuels in the 

region. That is, we must construct the'top plot in Figure 4.29 as well as 

the top plot in Figure.4.27. Because gas is only one of the fuels competing 

tO satisfy the demand for usable energy, the economics of all competing 

fuels and the economics of switchover to each of the competing fuels must 

beconsldered in computing usable' energy prices. This means that the syn- 

thetic gas commercialization deelslon interacts with aI__~IR&D and commercial- 

ization decisions -- nuclear, liquid fuels, enhanced recovery, conservation, 

and so forth. Hence an extremely detailed national and regional interfuel 
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competltion model will be required to obtain the price plots in Figures 

4.27 and 4.29. 
% 

Just as we did in the commercial plaht demand region, we must plot 

the prlce of gas over time and the price of usable enerEy over time in 

each of the non-commercial demand regions in both the bid acceptance 

and rejection cases. The bottom plots in Figures 4.27 and 4.29 illustrate 

the price trajectories in this case. Note in the non-commerclal plant 

demand reEions that gas prices are lower if the bid is accepted because 

they can take advantage of the learning without ha~Ing to bear the high 

cost of gas from the first plant. Again, these prices can be influenced 

by all R&D and commercialization decisions. 

The price plots in Figure 4.27 and 4,29 are not sufficient by them- 

selves to calculate economic impacts; the correspondinE quantity plots 

are required. To measure economic impacts we will use the notion of 

consumers' plus producers' surplus in economic theory. We will proceed 

through a detailed development of consumers' and producers' surplus and 

an approximate method for calculating both. We will teem the sum of 

producers' plus consumers' surplus economic surplus. 

In the discussion of economic impact, we ~rill focus on the eouauercial 

plant demand reglon. The extension to the non-commerclal plant demand 

reglons is straightforward. Referring to the top plot in Figure 4.29, 

in each year we can think of a single demand curve for usable energy 

and two supply curves for usable energy~ one in the case where the bid 

is accepted, ai1d one in the case where the bid is rejected. The top plot 

in FiEure 4.30 illustrates the supply/demand situation in a particular 

year in the commercial ;lent demand region. The shaded area in that 

fiEure represents the dollar loss in that year In ~he commerclafplant 

demand reglon as a result of acceptlng the bid. We will briefly develop 

the rational 9 for the assertion th3t-[~.%~shaded area represents the 

economic loss in that region, and then relate it to the be~ter known con- 

cepts of producers' and consumers' surplus. We will first discuss the 

statlc case (a single vear)~ and then move on to the dynamic case. 

,.[ 
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STATIC (SINGLE YEAR) ECONOM'fC SgRPLUS 

Assuming ~he b id  i s  accep ted ,  the  supply/demand b a l a n c e  a p p e a ~  

as in Figure 4.31. The equilibrium price and quantity in the given 

year are p* and q* respectively. Suppose we are trying to establish 

the "value" of the Aq units of energy that lle between q and q+~q in 

Figure 4.31. The value to the consumer is the price he is willing to 

pay for the quantity Aq, which is PD in Figure 4.31. Yet he is asked 

to  pay only p*, leaving him with a surplus benefit of (pD-p*)Aq. The 

value to the producer is the price he can sell the quantity q for, 

which is the equilibrium price p*. The cost to produce the quantity Aq 

is PS' so the surplus benefit to the producer ~s (p*-ps)~q. By adding 

these consumers' and producers' surplus benefits up for all the energy 

sold, we have the consumers' surplus -- Lhe area above the equilibrium 

price p* and below the demand curve -- and the producers' surplus -- the 

area below the equilibrium price and above the supply curve. The sum 

Of the two, the entire shaded area in Figure 4.31, is the economic 

surplus and represents the total surplus value of the quanti~y q* of 

energy sold to all consumers and producers in the economy. 

Using the concept of consumers' and producers' surplus, we can now 

qua~tlfy the economic loss in the commercial plant demand region in each 

year if the bid is accepted. Figure 4.32 illustrates graphically how 

this is accomplished. The los__.._ssln consumers' surplus in going from the 

bid re~Qcted to the bid accepted case is the sum of Areas A and B. The 

loss in producers' surplus in golng from the bld rejected to the bid 

accepted case Is Area C minus Area A. That is 

A Consumers' surplus = -[A+B) 

Producers' surplus = -(C-A) 

hence, the change in economic surplus is 

a Economic surplus = -(B+C), 

which is the area shaded in PiEure 4.30. Thus, in the case where the prices 

in Figure 4.29 are given by the crossing points of supply and demand curves 
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in each year, the economic effect of accepting the bid is straight- 

forward. There are, however, several nuances regardlng the methodology 

'~Used in this study that simplify the calculetlon significantly. 

First, suppose the demand for u usable energ~y ~s inelastic over the 

price ranges introduced by accepting or re~ectlng the bld. Even if the 

level of economic activity remains fixed, the total natlon~l energy bill 

will still be a small fraction of the level of eco~om$c activity over 

this price range. Thus, in makes sense to assume demand for usable 

energy Is ~nelastlc and Figure 4.30 then appears as in Figure 4.33. 

Note that the change In consumers' surplus Is trlvlal In this ca~e; 

it Is simply the sum of Areas A end B, which is the rectangular reglon 

enclosed between the Inelastic demand curve and the two equilibrlum prices. 

The change ~n consumers' surplus is thus s~mply (p~_p~)q, in the top plot 

~al Figure 4.33, which is the sum of Areas A and B. Note that the change 

In consumers' surplus (p~-p~)q,  i s  simply the change in C h e ~  
bil__~lln the commercial plant demand region. 

The change in producers ~ surplus, Area C minus Area A, is no~ so 

slmple. Producers' surplus arises from two effects: (i) the elasticity 

of the supply curve, and (2) the ability o£ the producers to earn economic 

rent, i.e., to price above marginal cost. We will discuss how both enter 
into our producers' surplus calculation. 

Suppose ~he suppl~er of a resource is able to sustain a price p* 

that is higher than his marglnal cost of production me. This mlghE occur 

in si=uatlons where one supplier dominates the market (monopoly or oligop- 

oly) or where producers withhold produc=ion until some future time when 

higher prices prevail. We can think of such a supplier as belng able 

to "shift" hls supply curve up from the marginal eo~t curve to a higher 

level as shown in Figure 4.34. The total producers' surplus in Ehls csse 

is the shaded area in the figure. ~e have broken it down into two com- 

ponents -- economic rant (Areas A+B in PiwJre 4.34) and producers' surplus 

in the perfect market (Area C in Figure 4.34), Briefly, economic rent 

denotes the producers' surplus earned by prlc/ng above the free market 
pr i ce ,  me. 
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We w ~ l l  now d e v e l o p  an a p p r o x i m a t e  method f o r  c a l c u l a t i n g  b o t h  

componenEs of producers' surplus -- Areas A and B (rent) and Area C 

(surplus) in Figure 4,34. Area A+B is trivial; it is simply the area of 

the rectangle to the left of the inelastic demand curve and between the 

price p* and the marginal cost me. Hence, 

Rent - q*(p*-me) 

To approximate Area C, assume the perfect market supply curve is linear 

from the point where it crosses the vertical axis at mc° ~o the point 

where it crosses the demand curve at me. Area C can be approximated 

by ~he area of the enclosed triangle in Figure ~34, ~hich is 

Perfect Market Producers' Surplus = i/2q*(mc-mc o) 

Hence the total producers' surplus in this case is 

Producers' Surplus = q*(pe-mc) + I/2q*(mc-mc O) 

Note that if no rent is earned, p*-mc and the producers' surplus reduces 

to our approximation to Area C, which is i/2q*(mc-mCo). 

We are now ready to analyze the change in economic surplus in the 

general case where rents are earned, which is illustrated in Figure 4.35. 

In the case where we consider bid acceptance relative to bid rejection, 

the changes in consumers' and producers' surplus are given by the follow- 

ing areas in Figure 4.35: 

A Consumers' Surphls = -(A+R) 

A Producers' Surplus = A-C 

No~e that the change in producer's surplus is the difference in rents 

plus nhe difference in perfect market producers' surplus. Hence the 

change in economic surplus is: 

• A Economic Surplus = -(B+C) 

which is exactly th~ chang~ in economic surplus if rents are omitted 

from the calculation. Hence, if we calculate the change in economic 

surplus using thamarglnal cost curves, v e  will o~taln the correct change 

in producers' surplus each  year. 

" 1 3 9  
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DYNAMIC APPROXIMATION TO ECONOMIC SURPLUS ' ; 

In this section, we will present a scheme for calculating the ue___~t 

2resent change in consumers' surplus and the n__ttg_[esent change in pro- 

ducers' surplus. The former is a straightforward extension of the ": 

static case discussed above, but the latter is significantly mbre compleX. "i 

This section is central to our ~ong run economic benefit calculation and 

should be understood. 

The concept of consumers t surplus over time is greatly simplified 

by assuming that excess demand curves arc "separable" over time. ~is is 

true of totally inelastic demand curves with totally elastic supply curues. 

Since the demand curves use d in this study are quite inelastic and the 
% 

suPply curves are quite elastic, this assunwtlon appears valid in ~he 

long run. Separability over time simply means that the excess :demand curve 

at time t does not depend on ~he excess demand curves at time t-i or t+l. 

Assuming the excess demand tulles are separable over time, the supply/demand 

balance in the commercial plant demand region in year t appears as in 

Figure 4.36.a. The change in consumers' surplus in year t, ~CS(t), is the 

shaded area in that figure. It is approximately 

Acs(t) = - l / 2 [ q ~ ( t )  + q ~ ( t ) ] [ p ~ ( t )  - p { ( t ) ] .  

This approxlmatlon assumes that the demand curve is lluear between the ~wo 

crossing points. The net present consumers' surplus in 1975 is thus 

Net present change ACSCt) • 

in consumer's surplus \~r/ 
t - 1975 

• ~ / ~ - i  t-1975 
N 

= /_, 
t = 1975 

where r is the "social" time preference rate. 

1 4 1  
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Note that if desand is inelastic, i.e. 

• qX(t) = q~(t). 

the net present change in consumers' surplus reduces to 

q, o - , 

t:= ~5 . 

which is the net present change in the usable energy bill. In this 

..study, we have used the more robust representation in the first equation,. 

above. In the next section, where our actual scenario is ahaiyzed, we 

• will illustrate the use of the first equation. 

• I ..:!.~.# 

• . . ~ 
• :lJ.l~ 

• 

.~' ,~, . .. 

In order to " "~ "' ' understand/the concept of" prd~ucers'.~urplus over time, 

it Is necessary to understand the'd~emlcs of primary resource productlon~i " 

~ e t h e r  we are considering ~ n~tural g~ w e u . : ~  c r ~ e  o i l  ~ l l ,  a =o~i~i~' 
m i n e ,  a s h a l e  m i n e ,  or  a u r a n i u m  e n r i c h m e n t  f a c i l i t y , ' t h e  d e c ~ 0 n t o . ~ : ,  

,~oduoe a pr~ resource i s ~  Inhere~tlv d-~amlc deo~o,o~ ~ J ~ L o ~  "~. • . - ~ . . . . . . . . . . . . .  w v ~ , ~  -<%. 

. of any resource always has the alternative of withholding productlon of ̀.:=;" ,.;~ 

that resource In.anticipatlon of higher prices in. the future. If, by 

so doing, the owner of that resource makes more money than he would'~y 

producing now, a producers ~ surplus accrues'to him. '.The concept ~"pro- 

ducats' sd~plus, as we saw above in the static' case, is related to the ': 

idea that~the producer of the resource can receive a price in excess of 

his marginal Cost of production including a nominal rate of return. 

The dynamics of resource production are further compounded 'by the 

• fact that the decision to produce one unit of the resource today involves 

installing one unit of production capacity that lasts for, say, thirty 

years. In other words, the decision to open a coal mlne today is in 

effect a decision to produce coal from that mine for thirty years. 

Expressed differently, the decision to install a unit of capacity today is 

a decision to commi_____~tto a lave], of production from that uniu of capacity 

over its entire life. Arising from this notion is the concept of "proved ', 

reserves" which simply takes into account the fact that, say, the gas 
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industry Can produce additional gas from the wells already in service with- 

out addin8 new capacity. The idea of producers' surplus arises in part 

because the price of ~as changes across the commited life of each gas well. 

Suppose a natural gas well opens today at a marginal cost of 70¢ per Mcf. 

One might assume that production of Eas from that well would cost no more 

than 70¢ p e r  Mcf across the entire life of that veil. Yet, if w e  probact 

natural gas prices in the future, the wellhead price of natural gas will 

likely rise from today's 70¢ per Mcf to prices on the order of $i, $2, or 

even $3 per Her at the we[lh ead'e Hence, the o~er of the natural gas 

well who can produce natural gas at 70¢ per Hcf will be able to sell that 

gas at the market price of $i to $3 per Mcf and earn a producers' surplus 

-- an economic rent. 
We shall now develop a methodology for quantifyinK the producers' 

surplus from a primary resource production process. To Begin with, let 

uS denote: 

p(t) = wellhead ?rice of natural gas over the next fifty years; 

mr(t) = marginal ~ost of the new natural gas well at time t; 

BL = book life if natural gas well (assume for simplicity that 

the natural gas well produces uniformly across its book li~e). 

.~j. 
Let us assume that a new natural gas well is brought into production st time 

T. The marginal cost of production of K as from that well is mr(T), and 

the wellhead ~rice of gas in that year is p(T). Hence, the producers' 

surplus or economic rant earne~ in year T is simply 

p(T) - mc(~) 

But recall that the natural gas well which began production at time T wall 

still be producinE at T+l. The ?rice of natural 8as at time T+I is now 

p(T+I) while ~he ~arginal cost of production remains fiy.ed at melT). 

Hence, for the gas well whlch originally bee an production at time T, a 

rent accrues at time T+l. The rent that accrues at time T+I is 

p(T~a) - mr(T) 

41 . " " 

* We will ignore infla~i0n in this discussion. 
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Continuing this logic, the rent that accrues k years after the gas 

well is open is 
i' 

p(T+k) - mc(T) , 

k = O, ..., BL - i 

It &s interesting to note that if the price is some future year p(T+k) 

falls below the marginal cost of the gas well mc(T), the rent is actually 

negative. In this situation, the owner of the gas well is actually facing 

prices lower than his marginal cost as the well nears the latter stages of 

its life. A situation in which this might occur is one in which synthetic 

natural gas becomes significantly cheaper over time due to technological 

change. In the early years nf the SNG industry, the new natural gas wells 

%rlll be Just competitive with SNG. ~owever, as time proaresses and SNG 

becomes cheaper, those gas wells which still operate will face prices that 

are lower than thelrmarginal costs and the owners of those wells lose rent. 

Of course, if the price p(T+k> is always increasing and is always above the 

marginal cost of production, then the rent is always positive. 

To develop a relationship to calculate the economic rent that accrues 

at a given time, we must look at the pattern of additions of gas well 

capacity. Denote 

n(T) = new natural gas well capacity brought into production 

at time T. 

The total economic rent or producers' surplus earned at time T+k frum all 

natural gas well capacity brought on stream at time T can thus be expressed 

n(T) [p(T+k) - mc(T) ] 

In order to determine the total rent that accrues at time t, one must 

collect the terms in the above equation for which ~ = T+k. Collecting 

the terms in this fashion, we obtain the following expression for the total 

economic rent or producers t surplus that accrues at time t: 

producers' surplus (t) = n(t-k) [p(=) - m~(t-k) ] 
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Note that the producers' surplus that accrues in year c depends both on 

the history of capacity additions cha~ leads to the production level at 

tlme t as well as the marginal ~ost of gas from each of those capacity 

additions. Equation (2) is best illustrated in terms of Figure 4.36.b. 

The figure shows how the producers' surplus at time t is calculated for 

a well that is k years old. 

In order tO calculate the cha~in producers' surplus, we calculate the 

total producers' surplus in the bid acceptance case PSA(t) and the focal 

producers ~ surplus in the bid rejected last Par(t), and subtract: 

A~S(t) ~ PSA(O - P~R(t)- 

Thus the net present change in the producers' surplus is 

b 

Net present change in .,--- __ (3) 
producers' surplus = /~ [PSA(t ) _ PaR(t) ] i =-1975 

t=1975 l+r 

These concepts will be illustrated shortly when we outline the long run 

economic evaluation of a hypothetical bid. 

It is important Co note that if supply curves are very elastle, the 

price and marginal cost curves will be close together in Figure 4.36.b 

and the net present producers' surplus will be zero. 

Appendix D of this report gives a brief descrlpCion of how the price 

curve and marginal cost curve in FiEure 4.36.b are calculated for each 

primary resource by the SRI National Energy Model. 

BASE CASE RESULTS - ECONOMIC EFFECTS 

The economic consequences of a synthetic fuels co~marclallzation 

program have been broken into the two components discussed above. The 

first Lurgl plant produces 8as that will be consumed by customers in the 

commercial plant demand region. To the extent that this gas is more ex- 

pensive than competing gas, these customers will suffer a loss in economic 

surplus. This determines the economic cost of the first plant. However, 

a commercialization program may accelerate the availability of technologies 
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based on gasification. This has the potential of reducing energy prices 

to consumers in all demand regions, resulting in an increase in consumers' 

surplus. The gas producers, however, will lose producers' surplus as 

prices are decreased. 

COST OF FIRST LURG~ PLANT (SHORT RUN ECONOMIC EFFECTS) 

Our base case assumes that the plant is located in the Powder River 

Basin and that the gas is pipellned one thousand miles for consumption 

in the Chicago-Detroit area. We assume that the gas from the plant begins 

to flow in 1983. This first Lurgl plant will deliver a small amount of gas 

relative to the total quantity of gas consumed in the East North Central 

demand reglen (Chlcago-Detroit). For example, the SKI National Energy 

Model projects about 4.9 quads of 8as consumption in 1986 in the East 

North Central region while each Lurgi plant delivers only about 0.08 quads. 

Thus the change in the average price, of gas in the demand region as a result 

of having the Lurgi plant is small, e~en if Lurgl gas is twice or three 

time as costly as natural gas. Because the average price of gas changes 

little, and because gas supply is relatively elastic, we would expect the 

change in producers' surplus to be unaffecned by the introduction of one 

Lurgi plant. We have assumed it to be zero in our calculation of the 

first plant cost. On the other hand, for small changes in gas price, we 

might expect a small change in gas demand. Therefore, we have assumed 

that gas demand is inelastic o~er the small price changes introduced by the 

first Lurgi plant and therefore that the change in consumers' surplus is 

simply the change in average gas price with and without the Lurgi plant 

times the tutal quantity of gas delivered. It can be easily shown that 

this is merely the price of del~vered Lurgi gas minus the price of alter- 

native gas times the quantity of Lurgi gas delivered, We will illustrate 

the consumers' surplus calcula~len in detail below. 

The essential elements ef the surplus calculation for the first plan= 

are thus: 
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l) The price over time of delivered Lurgl gas from t h e  first 

plant in the demand region; 

2) The quantity Over time of delivered Lurgi gas from the 

first plant in the demand region; 

3) The price over time of alternative sources of gas in the 

demand region. 

We will discuss how each of these three quantities are obtained and then 

show how they are used to calculate the base case economic impact. 

To begin the calculation of the economle cost oF the first Lurgl plant, 

we return to the financial model discussed above. The plant gate gas prlees 

and quantities from a Lurgl plant in the Powder River Basin were calculated 

in an elaborate financial model and a plant model, and were listed in 

Table 4.24 and plotted In Figure 4.14. Because this gas must be transported 

i000 miles in a gas pipellne, the prlce of gas delivered in Chicago or 

Detrolt is higher and the quantity delivered is lower than that in the 

Powder River area. The reasons are tha~ some gas must be consumed in the 

pipeline and that the capital and operatln~ cost of the pipeline must be 

recovered. Thus we require a simple model of gas pipeline economics. The 

gas pipeline model assumes an efficiency of 92% per I000 miles, an oper- 

ating cost of $0.06/MMBtu p~r i000 miles~ and a capital charge of $0.20/MMBtu 

per i000 miles. The result of applying this simple pipeline model is 

illustrated in the right-hand coluams of Tzble 4.32. These prices and 

quantities are the prices in i) and the quantities in 2), alluded to above. 

Returning tO 3) above, we require projection of gas prices over time 

in the East North Central demand region from all sources -- natural gas, 

synthetic gas, LNG, Canadian gas, and so forth. This projection is taken 

from a scenario called the "Early SNG" ease computed by the SRI National 

Energy Model. These prices appear ~n Table 4.33. It should be recognized 

that they are the result of an @xtremely complicated caleulatlon, and are 

based on a number of  assumptions t o  be  described below. 

As discussed above, the loss i~ economic surplus in each year is simply 

the difference between the price of Lurgi gas and alternative natural gas 

times the quantity of Lurgl gas consumed. Thus, using Tables 4.32 and 4.33 

for the year 1995, the change in surplus is 

149 

.° 

:i 

i 

! 



. . ~ • ~.~.::~i ~ . .  ~ ' : '~  

i ";o 

0 

gi  

I-I 

t~  

1.4 

~I°°°°°oooo 
• • • • b • Q • • 

~l ~ . . . . . . . .  

i 

~...4 d ~ d d d M d 

150 

¢'4 

i 

i 

Ji 



| 

Year 

1983 

1986 

1989 

1992 

1995 

1998 

2001 

2004 

2007 

EAST NORTR CENTRAL DEMAND REGION 

High Btu Gas Price 

P r i c e ~ , . $ / ~ t u  

2.94 

3.17 

3.22 

3.22 

3.21 

3.20 

3.17 

3.12 

3.07 

TABLE 4.33 
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($3.54/MMBtu - $3.21/MMB~u) x .079 quads/year - $26 million/year 

This calculation has been carried out for each year the first Lurgi plant 

iS assumed to operate and the results are p~esented in Table 4.34, Nots 

that the price of Lurgl gas is higher than the price of alternative gas in 

the early years of plant operation, resulting in a loss of consumer surplus. 

However~ in the last few years of plant operation, the rate base has been 

amorclzed and eroded by inflation sufficiently to allow the delivered 

price of 8as from the first Lurgi plant t o  fall below the price of gas 

existing in the demand region at that time. This resul=s in a gain in 

consumer surplus, denoted hy a negative loss in Table 4.34. The present 

value of the loss stream in 1977~ discounted at ten percent, is $526 million. 

This represent8 the real economic cost of the first Lurgi plant. 

SENSITIVITy ANALYSIS 

: "  Sensitivity analysis has been performed by varying L - c o  different 

classes of assumptions. First, various operating and financial assumptions 

are changed. Second, the location of the plant and commercial plant demand 

region are varied. A plant is considered for Four Corners coal, for which 

the product gas is transported 500 miles to consumers on the West Coast. 

Table 4.35 shows how the loss in consumer surplus changes as a number 

of operating and financial assumptions are varied for a gas plantdeliver- 

ink gas to the Eas~ North Central demand region. The plant gate and 

delivered prices are shown for each case- These quantities should be 

compared with those in Table 4.32. In the capital cost + 20% case, we 

have increased the required capital investment to build the plant by 20 

percent, from $I,100 million to $1,320 million. In the "higher capital 

cost" case, we have increased the return on equity from 15% to 18% and the 

cost of debt from 9% to 11%. In the base case, maintenance cost is assumed 

to be 2% of the capital cost. The"higher malntenance cost" case considers 

a higher flgure of 8%. The "coal cost +50Z" ease considers the situation 

in which the input coal price is $10.50/ton rather than $7~ton. Table 4.36 

lists similar sensitivity results for the West Coast de, and region. 

It is significant to note that the loss in ~conomic surplus (the cost 

of the first Lurgl plant) is approximately the same for the two regions, 
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LOSS IN CONSUNER SURPLUS DUE TO F~RST LUIIGI PLANT 

Year Million S/year 

1983 206 

1986 119 

1989 80 

1992 50 

1995 26 

1998 7 

2001 - 7 

2004 -27 

2007 -43 

TABLE 4.34 
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SHORT RUN EFFECTS OF FIRST LURGI PLANT 

EAST NORTHCENTRAL DEMAND REGION 

Case 
Ave. Price ($/MMBtu) 
Plant D~1~ered 

BASE 3.18 3.72 

CAPITAL COST 
+ 20% 3.50 4.06 

HIGHER COST OF 
CAPITAL 3.44 4.00 

HIGHER MAINTENANCE 
COST 4.01 4.62 

COAL COST 
+ 50% 3.50 4.06 

Net P r e s a n ~  Economic  Cos t  
($H, Demand Re$1on) 

526 

728 

706 

936 

677 

TABLE 4.35 
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mSillml 

SHORT RUN EFFECTS OF FIRST LIrRGi PLANT 

WEST COAST DEMAND RECION 

Ave. Price '($/t~qBtu) 
Plane Delivered 

~ASE 3.18 3 .45  

CAPITAL COST 
+ 2DZ 3.50 3.77 

~IGHER COST OF 
CAPITAL 3.44 3.7 2 

HIGHER MAINTENANCE 
COST ,%. 01 4.31 

COAL PRICE 
+ 50% 3.50 3 .77  

Net Present Economic Cost 
($H, Demand Region) 

562 

763 

742 

973 

753 

TABLE 4.36  
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- bid selection d~F isi°n will be made based on small 
meaning that the ,~ - .... ant that the absolute level 

• economic differences. ~c is fu=~nez slgn~z~u~ 
of economic cost is sensitive to all of the changes listed." Thls result 

might indicate that the selection among alternative bids requires the level 

of detail we have included here. 
Table 4.37 presents some additional sensitivity cases. Rare, the 

effects of investment tax credit and surcharge on consumer surplus are 

shown for the two demand tee i°ns" The surcharge methud of financing 

plant construction, although it substantially reduces the exposure of the 

gas utility, increases the surplus loss somewhat. Passthrough of ITC 

provides about a $50M benefit to the 8 as consumers in the co~ercial plant 

demand region. These "changes are typically of smaller magnitude than the 

changes discussed in previous sensitivity cases. However, i~ the ~as- 

consuming population consists of ten .million people, the ITC passthrou~h 

alone would pay five dollars in benefits in 1977 ~hen the gasification p~ant 

receives approval- Nonethelessp even if the gas utility receives tax 

benefits at the expense of the consumer, the cost of the program is changed 

• less dramatically than in cases where basic 8as plant economics are changed. 

LONG RUN BENEFITS 
• In this section, we will illustrate, using hypothetical but reasonable 

numbers, the calculation of long run national economic benefits. A word 

of caution is necessary to avoid potential contrOversY that might surround 

the implications of these numbers. Because there are no concrete proposals 

for Lurgi plants, there are no concrete numbers. Therefore, to test our 

framework and obtain insights to help EEDAwrite its gasification EFP, 

we have used numbers that are representative of the numbers given to us 

by the five announced candidates for LurEi gas plant loan guarantees. 

These numbers'are neither the official estimates of any of those candi- 

dates, the official estimates of ERDA, nor the official estimates of SRI. 

The economic estimates used in the SEI National Energy Model are to 

he regarded as defendable. This is not ~o state that they are certain, 

but it is to state that they fall wlthin the range of uncertainty of many 
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ITC PASSI"KROUGH 

NO 

NO 

YES 

YES 

i~i I ' [ 

DISCOUNTED LOSS IN CONSUMER SURPLUS, $M 

CASE 

SURCHARGE 

NO 

YES 

NO 

YES 

LOCATION 

EAST NORTH CENTRAL 

526 

557 

475 

506. . . .  

TABLE 4.37 
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UEST COAST 

562 

593 

511 

542 
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onomists estimates, .Over the past six months SKI internal energy 

.[~ experts have undertaken a thorough and exhaustive review of the data base 

I used in the SKI National Energy Model. This data base has been communi- 

! 
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cared to and reviewed by a number of different organizations, public and 

commercial (ERDA included). Certainly such a review does not lead to 

unanimity; however, it allows us to highlight: important differences of ~' 

opinion at a relatively d~tailed level and to thus identify areas for sensi- 

tivity analysis. Because of the scope of this project -- to develop a 

methodology for discriminating among alternative coal gasification bids -- 

an exhaustive set of sensitivities was not compiled due to the high cost 

of running sensitivities in the SRI National EnergyModel. What we will 

do in this sectiou, then, is to illustrate thi:capability of our framework, 

alone with the SK~ National Energy Model,~to calculate economic impacts 

of commercialization and to focus attention on the key variables. 

The most compelling reason for not a6tempcing to advocate decisions 

using these numbers is that all the number~ we will present represent but 

a single scenario qb. a'" ~tnEle, self-consls~euK set of assumptions. Few 

would disagree that the energy market is highly uncertain. In order to 

recommend decisions~ this uncertainty must be accounted for explicitly and 

in detail. It is easy to postulate scenarios for high Btu gas that lead 

to very large long run benefits. A combination of dramatic learning about 

gasification technology as a result of =ommerciallzation, coupled with a 

very much smaller natural gas resource base than we presently anticipate 

and coupled with very high prices for imported LNG, would lead to very high 

benefits from commercial demonstration, Conversely, it is not difficult to 

construct a case where commercial demonstration pays no benefits. A com- 

bination of a large natural gas resource base, relatively cheap ~ported 

L~G, and virtually no learning abnut SNG as a result of this program 

would lead to such a conclusion. To fully analyze the benefits of com- 

mercial demonstration, than, a number of such scenarios would have to be 

.examined in detail and probabilities would have to be attached by estimat- 

ing probabilit~e@ for the various elements of the energy system/: In order 
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tO a~dress questions such as "Should the nation commercialize a Lurgi plane?" 

we would have to fully Smplement the decision tree outlined ~n Figure 3.2 

and find an expected benefit minus cost. Recalling that the charter of this 

study was to develop a framework to discriminate among a number of Lurgi 

plant bids, we have not attempted to implement the decision tree. 

ENERGY HODEL ASSL~TIONS AND RESL~TS 

Before proceeding to the detailed numerical results, it is useful to 

discuss some of the more important assumptions underlying the energy model 

runs, the short term model, and how both affect the results. The scenario 

presented is one in which world energy prices as a:whole are relatively 

high. The SR~ National Energy Model assumes that the price of'imported 

LNG and the price of imported crude oil are set jointly with a cqnstant 

56¢ per million Btu differential between the two. The numbers we will 

present below assume that imported crude oll is priced on the  order of 

twelve to twenty dollars a barrel ($2 to $3 per million Btu), and landed 

and regasifled LNG is priced ac about $2.50 to $4.00 per million Btu, As 

we shall see shortly , at these prices imported LNG is not competitive 

with second..@eneration synthetic gas ~rom coal. Thus, as a result of this 

ass,~mption~.'impbrted LNG is not a major factor in the gas picture for the 

nation as a Whole. 

The domestic and North Slope natural gas resource bases are'more ;. 

difficult to document. The SRI National Energy Model requires as input 

"marginal e~".,curves" describing the price and availability of natural 

gas in eac~.'¢f eight natural gas-producing regions. Intuitlvely~ those 

curves describe how ~ach gas could ultimately be produced for welihead 
Jo' 

prices of 50~/Mef, $1/Mcf, $3/Hcf, and so forth. The model performs a 

relatively complicated calculation to superimpose eccnomle rent upon these 

marginal curves in calculating gas 2rices. To give some idea of the well- 

he~d prices of natural gas and the quantities assumed available over tim, 

at those prices, we have constructed Table 4.38, which contains the well- 

head price and the annual production of gas for each of ~he natural gas- 

producing regions in the country over the next fifty years. Note that the 

North Slope makes a significant contribution and production lu many of the 
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Lower Forty-elght regions begins to decline in Just a few years. It 

is important t o  note that these prices and quantities are calculated 

assuming 9bsolutely no price regulation of any kind. In testing the 

overall benefits of commercial demonstration of ~he Lurgl technology 

under a number of scenarios, it would certainly be necessary to include 

different assumptlons about regulation of gas p~ices at the wellhead. 

The methodology has this capabillty, but we have not developed it fully 

because sas r~gulatlon tends to affect all bids roughly equally. In 

examining the prices in Table 4.38, it is important to note that the prices 

are equilibrium prices, set in competition wi~h all other s~urces of 

energy, including synthetic gas, imported gas and liquids, domestic 

liquids, synt~ztIc liquids, electric power, and so forth. Note chat 

these gas prXe~¢ rise from on the order of $1.75 to $2.00/}~dBtu at the 

wellhead in:i975 ~o prices on the order of $3.00/}~fBtu at the wellhead 

in 2025. This ultimate price of $3.00"is the price, at which the next 

most attractive source of gas begins to compete. That source, in the 

base ease, is second generation synthetic gas from coal. 

One of the other major competitors with synthetic gas is imported 

LNG. Table ~.39 illustrates the prices and quantltles of LNG assumed in 
i. 

the base case model run. Note that these prices are very high and that 

the quantltle6are very low, reflecting the base case assumption that LNG 

is not competitive. In that respect, the base case is favorable to early 

introduction of synthetic gas. 

The energy model measures the competitive position of both first 

generation (Lurgi) and second generation synthetic gas from coal over time. 

In Table 4.40, we have listed the prices and quantltles of synthetic gas 

from each of these processes in each of the four coal-produclng regions 

of the country over time. That table gives an interesting insight into 

the interrelationship between the first and second generation high Btu 

gas from coal. Note that the production of  gas from the LurEi technology 

comes on for a space of several years, but then is driven down by the 

advent of second generation technology. The implication is that the 
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Lurgi technology "fills the gap" between the time at which the 

wellhead price of natural gas rises to the price of Lurgi g~s and the time 

at which second generation gas becomes available. In the base case, it 

is a very short time span. Thus, we might suspect that the principal 

benefits of early commercialization of Lurgi plants do not accrue from 

reducing long run economics from Lurgi planes per se, but accL~e much more 

from reducing the long run economics of second generation gasification plants. 

As we dlscussed.~above in the description of the plant model, many of the 

components of Lurgl plants and second generation plants are slmi!@r... To the 

extent that early demonstration of a Lurgl plant reduces the cost of any 

of these comon components, benefits will b e  received by the second genera- 

tion technology as well. 

At this point, it is important to note.that the $RI National Energy 

Model computes only incremental prices (marginal costs) for every technology 

in the energy system. In o~her words, the prices computed for synthetic 

gas from coal are no_t_trate base 05 utility-type prices but are mazginal 

costs of new capacity. This raises a significant point regarding the decision- 

malclnK criterion used by the potential builder of Lurgl plants. While he 

may make his decision as to whether or nor to build ~ Lurgi plant based on 

marginal cost, he is forced to price at "average cost, '~ i.e., charge a price 

determined by the rate base formula. Therefore, although the model makes 

a credlble technology selection decision, the prices it computes for syn- 

thetic gas are slightly lower in the near tsnu and slightly higher in the 

long term. ~n the very lone tezln~ because marginal and average prices are 

not too different for a mature industry, little error results from this 

assumption. In the near term, some err~.may he introduced by this assump- 

tion. Nonetheless, the framework is capable of deallng with the average 

nest prices ~f necessary to understand national costs and benefits of 

Lurgl demonstration. 

Table 4.40 contains a very interesting growth pattern for synthetic 

gas from coal. Note the extremely rapid growth in second genera£ion high 

Btu gas produced from Western coal. Its relatively low prices are the reason 

for that rapid growth. In this model, we assume a 12Z cuZTent dollar 
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dis'count rata for gas utilitiss. Assuming, as the model does, a 5% ,.;. 

inflation rate, this corresponds to a 7Z real time preference rate by :~..: 

utility declsion makers. Using the 7% real dlscoun~ rate, and assuming 

the mature second genera=ion high Btu gas plant can be built for 6n the 

order of half a billion 1975 dollars, a synthetic high Btu gas price as 

low as $2.35 would prevail. This low discount rate assumption introduces ! i i !  

little error, as it applies equally to all technologies -- gases, liquids, i l  

and electricity. .. 

A technology such as second generation high Btu gas from coal, growing 

as rapidly as that technology grows, can pay significant benefits if its 

price is lowered sllghtly or perhaps if it is accelerated somewhat. Thus, 

based  on t h i s  p r o j e c t i o n ,  we would expec t  the  p r i n c i p a l  b e n e f i t s  from 

commercial demonstration of Lurgi plants to accrue by accelerating second 

~hneratlon gasification technologies. The numerical example we shall dis- 

cuss below examines the implications of accelerating second generation high 

Btu gasification of coal by three years and Lurgl by five. :~ 

To further explore the ~otal gas picture implied by the base case run 

of the SRI National Energy Model, it is instructive to look at the prices 

and quantities of methane delivered to the various demand regions of the 

country as a function of time. Table 4.41 contains these prices and 

quantities. This methane originates from any of the above sources -- natural 

gas in the Lower Forty-eight or the North Slop~, imported LNG, or synthetic 
natural gas. Because we have found a good deal of confusion in describing 

the economics of methane in the long run, we think it is important to docu- 

ment the equilibrium prices and quantities of gas computed by the SRI 

National Energy Model in each of the demand regions of the country as a 

function of time. A principal reason fur documentlnE these prices and 

quantities is to move away from the mentality of projecting only the quantity 

of gas that will be delivered to the customers in =he various regions over 

time. Such projections typically show a declining gas production without 

mention of plrce. Because co~erclal demonstration of Lurei plants pay 

benefltsoaly if they can change the long run economics of distributed gas, 
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it is important to consider both quantity an___ddprice. .We re-emphasize 

that those prices of del~erod methane assume the low.discount rates 

discussed above. Thus, they are significantly lower than many published 

estimates even though they yse the same capital and operating costs. 

~I!dPLZCATIONS FOR BIGH.BTU CAS 

At £hls point, it is useful to review several of the implications of 

the energy model runs for high Btu Sos. F~rs~ of all, under the base case 

and early SNG assumptions, high Btu gas does not decline in'n~rket share 

in Ehe lone run. The base ease is clearly not a case In. whlch hlgh B~u 

gas is replaced by an ai~ernato fuel form-- liquid fuels, electricity, 

coal, or hydrogen. In fact, it is very difficult to construct scenarios 

in which high Btu gas is replacid to a slgnif&cant degree by another fuel 

unless first and second 8eneraEion synthetic gas from coal become signifi- 

cantly more expensive than our base case estimates. Because high Btu gas 

from coal appears to be one of the more attractive sources of energy in 

the long run, forces that decrease its price tend to pay benefits in the 

lone run. On the other hand, forces that tend tO drive up its price do 

no~ pay benefits. The siEnlflcant question with regard to high Btu gas 

is not whether a decrease ~n its price will pay benefits; the question 

is when will high Btu gas be competitive with natural gas. This question 

is set principally by the natural gas resource base -- how much natural 

gas remains to be produced at or less than the price of synthetic gas. 

The base ease shows a very strong need for advanced technologies to produce 

high Btu gas by 1992, and the early availability case shows ~hat a strong 

need exists three years earlier as %~Ii. Thus, one would expect to see 

benefits from accelerating second generation high Btu technology. 

There are a number of ways to accelerate the development of advanced 

gasification technologies. One of those ways, and only one, is to com- 

mercialize Lurgl plants today. Other ways might include R&D, bench scale 2. 

tests, pilot plants, or demo plants for the various second generation 

gasification technologies themselves, rather than co~ercial demonstration 

~:of first generation plants today. To understand whether or not the nation 
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ought to demonstrate Lurgi plants, one must carefully conslder whether 

commercial Lurgi demonstration has more effect on accelerating second 

generation technologies than working directly on those second generation 

technologies themselves. As of this writing, this issue is largely un- 

resolved. There are thsse who argue that the key issues in gasification 

are materials, scale-up, handling, financing, regulation, instrumentation, 

overall plan~ design, and a general lack of experience with gasification 

on a large scale- Because many of these skills are transportable to second 

generation technologies, they argue that one mighty!earn more about 

second.generatlon gasification by building a flrst}~eneration plant and 

acquirlngthese skill s.• In summary, the contention is that the problems 

of gasification are problems of physics ra~her than chemistry. The counter 

argument involves whether or no~ primary attention should be directed at 

second generation high Btu gasification plants as integrated facilities. 

The argument is that by focusing R&D and demonstration efforts on second 

generation plants as whole facilities we are bound to learn more about 

those plants. Thus, even though commercial demonstration of Lurgi plants 

may prbduce more benefits than costs, that does not imply tha~ as a nation 

we ought to co~ercialize Lurgi plants. What it does imply is that we 

ought to investigate some of the other options for accelerating SNG end 

compare them to the commercialization option. 

One of the key benefits of using an energy model such as the SRZ 

National Energy Model is that it takes care of the interfuel competition 

problem in a very complete manner. ~he model chooses among competing 

technologies to satisfy various categories of usable energy dema~Id based 

on price. If Technology A can satisfy a usable energy demand cheaper than 

Technology B, the model tends toward Technology A. In the base case ru~, 

synthetic high Btu gas from coal using second generatlon technology can 

satisfy many usable energy demand categories cheaper than an__qzother tech- 'Z 
nology, and thus the model tends to se~gct it over the other technologies. 

Accelerating gas makes it even more co~etitlve. It is also siEn~f~gant 

to note that synthetic high Btu gas is ~ore attractive than low Btu gas, 
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hydrogen, or methanol which employ gaslfieation. Therefore, one of the 

key implications of the base case is that the benefits of commercializing 

hlgh Btu gas from coal accrue mostly in terms of providing cheaper long 

run high Btu gas from coal, and not in providing more attractive gaslficstlon ± 

based ~eehnologies. .. 

CALCULATION OF LONG RUN BENEFITS 

The manner in which the SRT National Energy Model. is used to assess 

the long run economic and environmental costs and benefits deserves a note 

of explanation. Suppose o~':'wanted to assess the effect of a program that 

accelerated high Btu gas'"by five years. One would construct two cases for 

the gel National Energy Model. The first case would be a base case, and 

the second case would be identical wlth'the base case, with one exception. 

That exception would be that high Btu gas technologies were available sooner. 

With this as background, we now present the numerical output from the energy 

model and the evaluation of the long run economic benefits of accelerated 

SNG under one scenario. Note chat because all other assumptions are 

identical, we are in eEfcct evaluating only a single scenario. That is, 

we are evaluatlng the attractiveness of accelerating high Btu gas under 

one set of assumptions. AS alluded to above, in orde[ to exhaustively 

determine the implications of accelerating high Bin gas, one would have to 

look at a number of dllfereut scenarios, each of which would involve at 

least two energy model runs. 

This discussion will be "step-by-step" so that the reader can become 

familiar with the calculations being performed as well as the insights. 

This should minlmizeconfuslon about how such evaluations should be made. 

Zn the dlscusslon, we will first discuss the calculatlonof national lone 

run changes in consumer surplus, and then discuss the national long run 

i~o. changes in producer surplus, in Table 4.42, we have displayed the usable 

energy prices and quantities for all forms of usable energy in the base 

case. In that table, we distinguish between usable energy in the automotive 

transportation sector and all other forms of usable energy. The reason is 

';,. 
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simply that the units of usable energy in the automotive are in the form 

of vehicle miles of auto travel while all other sectors ar~ expressed in 

terms of Btus of usable energy delivered. As we shall point out shortly, 

however, the units o f  the various categories of usable energy are incon- 

se~uentlal because the changes in consumer surplus will be expressed in 

terms of dollars. 

CONSUMERS ' S U R P L U S  ":'~ 

In order to assess the changes in consumer surplus under the particular 

secnarlo we denoted "early availability of SNG" above, we require the same 

usable energy prices and quantities for that case. Table 4.43 contains 

those prices and quantities of usable energy in the early SNG availability 

case for both automotive and non-automotive" usable energy demands. The 

numbers in Tables 4.42 and 4.~3 are sufficient to determine the net present 

change in consumers' surplus in the early SNG availability scenario. 

To illustrate the consumers' surplus calculation, note that in the 

year 2001 in the non-automotive usable Qnergy demand category, the prices 

and quantities are as follows: 

P = $6.525/MMBtu a 

Qa = 67.62 quads/year 

P = $6,536/MMBtu 

Q = 67.49 quads/year 

In order to compute the change in consumers' surplus between the two 

cases in the year 2001, we plot the two prlce/quantlty pairs, one for each 

case, in Figure 4.$7. We know that these equilibrium points fall on a 

single demand curve and represent the point at which two separate supply 

curves cross that single demand curve. In Figure 4.37 we deilote the demand 

curve by a dotted line. By simply assumlns that the demand curve between 

the two points in that figure is linear, we can calculate an approximation 

to the change in consumers' surplus between the two cases. The change in 

consumers' surplus in 2001 under such an assumption " is simply the area of 

the shaded trapezoid in Figure 4.37. Returning to equation (i) in the 
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PRICES AND QUAW£iTIES OF USABLE ENERGY 

Price 
(S/M) 

1975 "~240 

1977 .250 

1980 .238 

]983 .232 

1986 ,230 

1989 .229 

1992 .229 

1995 .229 

1998 .229 

2001 .230 

2004 . 230  

2007 .230 

2010 .233 

2013 .23D 

Base Case 

AUTO 
Quantity Prlce 

(TrJ.1. Mi/YT:) .!~:,. ($1mmtu) 
1.244 . 6 . 8 4 2  

1 . 3 3 5  6 . 5 7 6  

1 .471  6 .082 

1,607 6.152 

I. 720 6.235 

i. 805 6.325 

i. 805 6.430 

1.967 6.459 

2,048 6.355 

2.125 ' 6 . 5 3 6  

2.197 6.561 

2.268 6.563 

2,339 6.504 

2.411 6.637 

NON-AUTO 
Quantity 
(qB~./Yr) 

28.725 

31.635 

35.994 

40 .348  

44 .783 

49.300 

53.835 

58.369 

62.901 

57.490 

72.133 

76.272 

81.438 

86.075 

o 

TABLE 4 .42  
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Yea___E 

1975 

1977 

1980 

1983 

1986 

1989 

1992 

1995 

1998 

2001 

2004 

2007 

2010 

2013 

PRICES AND QUANTITIES OF USABLE ENERGY 

Early SNGCase 

AUTO NON-AUTO 
Price Quantity Price Quantity 
_~/Hi) (~ril. ~i/Yr) ($/~S~u) (qB~/xr) 

.240 1.244 6.846 28,725 

• 249 1 .336  6 .577  31 .635 

.238 1 ,475  6 .073  36 .010  

.232  1 ,610  6~153 40 .350  

,230 1,721 6,247 44.748 

.229 !.807 6.318 49.291 

.229 1.888 6.405 53.893 

,229 1,969 6.436 58,463 

.229 2.050 6.530 63.025 

.230 2.136 6.525 67.621 

.230 2.199 6.560 72.247 

.230 2.270 6.553 76,892 

• 233 2.341 6.503 81.507 

• 230 2.416 6.440 86.051 

TABLE 4,4 3 
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Price of 
non-auto 

Usable 
Energy 
($/m~tu) 

$6.536 

$6.525 

FIGURE 4.37 

Change in Consumers' Surplus in 2001 
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discussion of consumers' surplus above, the change in consumers' surplus 

in the non-automotlve sector in the year 2001 is 

i/2(57,49 + 67.62)(6.536 - 6.525) = $0.74 billlon/year 

This calculation has been performed usln8 the prices and quantities in 

Tables 4.42 and 4.43, and the annual change in consumers' surplus 

between the two cases has been tabular£ze~ in Table ~.44 for both the 

automotive and non-automotive sectors. Note that in Table 4.44 the change 

in consumers' surplus in the automotive sector as the result of accelerating 

SNG is zero. This is because changes in the economlcs of high Btu gas 

o v e r  such  a s m a l l  r ange  have no e f f e c t  on the  supp ly /demand  b a l a n c e  i n  

the liquid fuels sector ~nd thus the automotive sector Is largely unaf- 

fected. For the remainder of our discussion o~ the change in consumers' 

surplus, t h e n ,  we will Sgnore the automotive sector. 

Note that these annual changes in consumers' surplus are assumed by 

t he  e n e r g y  model  to  app ly  o v e r  a t h r e e - y e a r  t lme p e r l o d .  I n  o r d e r  to 

c a l c u l a t e  t h e  n e t  p r e s e n t  c o n s u m e r s '  s u r p l u s ,  t h i s  f a c t  muse be i n c l u d e d  

in the calculations. In order to do so, we must calculate the net present 

change in consumers' surplus at the beginning of each tlme period, and 

then discount these net present surplus measures at the beglnnlnEs of the 

tlme perlods back to the base year, which is assumed to be 1977. We "'ill 

illustrate both calculations. Assuming that r is the discount rate in 

constant dollars by which we discount changes in consumers' surplus, the  

net present value wlthln a three-year time period of an annual change in 

consumers' surplus ~C$ is 

.~. 8CS , 

T h i s  i s  a s t r a l g h t f o r w a r d  e x p a n s i o n  o f  a geomet r i c  s e r i e s .  Fo r  the  y e a r  

2001, a s s u m i n g  10% d l s c o u n t l n g  I n  c o n s t a n t  d o l l a r s  and u s i n g  t h e  a n n u a l  

change  i n  consumers  s s u r p l u s  from T a b l e  4 .44s  the  2000 t o  2003 "net p r e s e n t  
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YEAR 

CHANGE IN CONSUMERS' SURPLUS 

(BILLZON $I~) 

AUTO NON-AUTO TOTAL 

1975 0 0 0 

1977 0 O 0 

1980 0 0 O 

1983 0 -.O4 -.04 

1986 0 -.54 -.54 

1989 0 .35 .35 

1992 0 1.35 1.35 

1995 0 1.34 1.34 

1998 0 1.57 1.57 

2001 0 .74 .74 

2004 0 .07 .07 

2007 0 .77 .77 

2010 0 .08 .08 

2013 0 .26 .26 

..:.': 
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change in consumers' surplus is 

I 3 

.74 x 
l -  

2.02 

::.? ,'. 

Table 4.45 contains the annual changes in consumers' surplus in terms of 

dollars per year as computed from the previous tables, ~he clme periods 

under consideration, and the net present change ~n consumers' surplus 

within each time period expressed at the beginning of that time period. 

Note that the net present change within each ~Ime period depends upon 

the discount ra~e. Lower discount rates lead to higher net present changes 

wlth±n a period. In the case ~#here zero discounting occurs, the net present 

change within each period is simply three t~mes the annual change for t~me 

periods of length three years. The fourth column of that table, ~he net 

present change in consumers' surplus by period, then must bc discounted 

to the base year, which is January i, 1977. Again, for the time period 

2000 to 2003, one dlscounns =he net present change within the= period 

-- 2.02 b$111on dollars -- across the time period from 1977 to 2000, a 

period of twenty-three years. The result of that calculation is 

(•.Iz)23 2.02 x = 0.23 billion dollars 

The final column in Table 4.45 contains the contribution from each time 

p~rlod to the total present value. To get the net present value in 

January I, 1977, one simply adds =hose numbers. For the present e x a m p l e ~  

at 10Z constant dollar discounting, those numbers add up ~o $2.3 billion. 

It is important to n o t e  ac this point that the SRI National Energy 

Model arrives at equilibrium prices and quantities using an iteratlve 

method. As e result, the accuracy of the numbers depends on the degree 

t o  which the  model i s  converged .  For t h e s e  p a r t i c u l ~ r  c a se s ,  we have  

not spen= the money necessary to converge the m~del to an extremely fine 

level of detail. Therefore, there Is some "noise" In the numbers we have 

p r e s e n t e d  here. 
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1975 

1977 

1980 

1983 

1986 

1989 

1992 

1995 

1998 

2001 

200~ 

200,'I 

2010 

2013 

NET PRESEHTVALUE OF CHANGE IN CONSUMERS SURPLUS 

(lOX Consten~ Discounting Co 1/111977) 

ANNUAL CRA.[qGE CHABGE BY PERIOD 
(~ZL~XO~ $l~a) T z ~  P~RZOD (n~LZOS p) 

0 1975-1976 " 0 

0 - "  1976-1979 0 

0 19~9---1982 0 

- .04 1~82-1985 -.Zl 

-.5~ ~985-1988 -1,68 

• 35 1988-1991 .~ 

1.35 1991-1994 3.69 

1.34 1994-1997 3.G7 

1,57 1997-2000 4,30 

.76 2000-2003 2.02 

.07 2003-2006 .19 

. 77  2 0 0 6 - 2 0 0 9  1.11 

.08 2009-2012 .22 

.26 2012-2015 .71 

TABLE &.&5 
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CONI"RIBOTION TO 
PRESENT VALUR 

0 

0 

0 

- . 0 6 8  

- .  69 

.3~..' 

.97  

. 7 3  

.64  

. 2 3  

. 0 2  

. 13  

'" . 0 1  

. 0 3  
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