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ABSTRACT 

This report describes a framework ~eveloped for the ERDA Office of 

Commercialization to be used for evaluating synthetlc fuels commercialization 

proposals. This volume describes the application of the Erame~ork to high 

Btu coal &aslfication. A supplementary volume will describe its application 

to oil shale processing proposals. Inlt~ally, co~erclalizatlon and its 

interactlon with other ERDA responsibilities such as research and develop- 

matt Is discussed. Then the main Body of the report presents a methodology 

for evaluating alternative proposals for government assistance. In this 

report, the form of government assistance is assumed to be a loan g. arantee 

program; however, the framework is flexible enough to detezmine the impacts 

of other types of..programs. The methodology considers two types of impacts 

of gasification proposals -- the short term effects caused by the first 

commercial plant or plants and lone term national effects resulcing from 
.',:°. 

the first plant construction. In both the short and lo~ig term, ~he economic, 

technologlcal, environmental, and socioeconomic outcomes of  commerciaiizatiou 

are evaluated. By assigning tradeoffs to these outcomes, an overall value 

or measuze of desirability for each competing coal gasification proposal can 

Be developed. Since no commerciallzatlon program has ye= been authorized, 

there are no specific proposals to evaluate using the framework. However, 

to provide general understanding of the important contribu=ors to the value 

of a coal 8asiflcatlon commercializatlon program, a base case is defined 

and evaluated. This base case uses current estimates of economic, tech- 

nical, social, and environmental factors and assumes that other ~actors 

such as regulation and international relations well be generally favorable 

to 8aslficatlon, The base case and sensitivity cases imply that economics 

impacts are dominant, Socioeconomic impacts are small for the nation as 

a whole, but large for the producing area. Environmental effects are 

small in the short term, but have more impact in the longer term. 

il 
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• EXECUTIVE NUditY 

BACKGROUND 

In addition to conducting basic energy research and development, 

ERDA has been chartered with the responsibility of demonstrating the 

commercial feasibility of energy~related technologies. Because R&D and 

coum~ercial demonstration are closely interrelated, both must be con- 

sldered in order to analyze commercialization. The function of the R&D 

process is to deliver a set of technical outcomes, i.e., possible methods 

of extracting, converting, storing, or transporting energy from diverse 

sources, such as fossil fuels, nuclear reactions, solar flux, or see- 

thermal reservoirs. Thus, the R&D process itself produces mostly costs~ 

not benefits, when considered on a stand-alone basis. The benefits of 

R&D are realized only when the technical outcomes are actually imple- 

mented, resultin~in new or cheaper energy forms to compete in the energy 

market ~ by which we mean energy market in the broadest sense,~'id~luding, 

for example, a "market" Eor air pollution. In fact, R&D pays b~ne~ts 
L 

only if it changes future decisions that would otherwise be made differently. 

Commercial demonstration of a technology is therefore an essential step 

for the benefiCed!of R&D to be realized, although it is not clear whether 

it should be funded by government or industry. 

Coal gasification is a technoloey that is a candidate forcommerclal 

demonstration. The first generation Lurgi technology exists and is cur- 

rently operating in other countries. However, it has never been used to 

produce high Btu gas in the United States. Presently investors perceive 

that economic, financial, and regulatory conditions do not justify totally 

private initiatives in Lurgl commercialization. Xn addition to the Lurgi 

technology, a number of second generation technologies, offering perhaps 

lower gas prices than LurEi, are currently undergoing R&D. These tech- 

noloeles might also benefit from the commercialization of a Lurgl plant 

ix 



due to their varying desrees of similarity with Lurgi. For example, the 

Lurgi plant might teach ERDA and the gas Industry about the chemistry 

and physics of gasificstlon in general, management of 8asiflcatlon projects, 

proJeen financinK~ an~e~¢ironmental and socioeconomic impact mitigation. 

Such learning might expedite the introduction of a second generation 

technolqgy tha~ was deliyered t o  the marketplace by t h e  R&D prbcess. 

FOCUS OF THE STUDY 

ERDA's decision as ~o w~ch commercial demonstration bids to accept 

can be viewed on two levels: 

I. First, selecting among competing bids for each 

technology type; 

2. Second, coordinating the acceptance of these 

bids to achieve an optimum portfolio (mix) of 

plants. 

At both levels, any analysis must take into account economic, environ- 

mencal~' social, and other considerations. This report focuses on the 

flrs~ level of decision. A comprehensive framework has been developed 

to:.evaluate alternative bids for government assistance in commercial- 

iz~ing a synthetic fuels technology. This volume of ~he report deals with 

the~cbmmereiallzation of Lurgi coal gasification plants. A subsequent 

.volume will apply the framework to oil shale processingJ 

'" To analyze this first level of decision requires: a finer level of. 

detail o n  the technologies than the second level of decision. In moving 

tO the second decision, the coordinatlon of:bids among different tech- 

nologies, the level of de~ail developed~for the first level of decision 

will be more than sufficient. Thus, we chose to analyze the hid selection 

decision among slm~lar technologies ~- Lurgi versus Lurgl, shale versus 
C 

shale, and so forth. Once a framework is developed for each technology, 

the coordination problem will be relatively simple. 

Our framework considers the consequences of awarding government as- 

slstanee to a company, resulting in the construction of a full scale Lurgl 

coal gasification plant (or perhaps the failure of the first plant). 



Presently we assume ~ha government assistance take8 the-form of a 16an 

guarantee, but the framework is flexible enough to consider other types 

of assistance. The model considers both the specific impacts of the first 
." L . ,, 

plan~:~S$1f and the long run changes introduced by the demonstration !' 
:! 

program. These long run effects result from the interaction of the first " 

~urEi plant with second generatlon gaslflca~ion technologies ~ well as 

all other fuel-produc~ng~ ~echnologies. Thus, the framework co~Slders~, 

Inter£uel and intertedl~noloey competition among all fuels and technologies. 

Finally, the .outcomes... a~isociated, with each bid are traded off to allow 

~onslstent comparison among bids. ' 
i, 

THE FRAMEWORK 

To motlvate the framework, one must understand the sequence of decisions 

and oi~tcomes possible in the commercial demonstration process. This 

sequence is best illustrated using the format of a decision tree. The 

decision tree that represents the Lurgi plant commercialization decision 

appears in Figure El. The simplest interpretation of the decision tree 

is that i~ simply represents the chronolog[ of the commercialization ~:'. 

process'as i~ unfolds. The square nodes indlcate decision points, points '~ 

at which government decision makers can Choose an alternative. The "~. 

circular nodes indicate outcome points, pDints at which government decision v :. 
'; 

makers cannot choose, hut must accept an outcome. 

Wa:~ill briefly walk through the tree to illustrate decision points, 

outcome poSnts, the large number of players, and the dynamic nature o£ the 

decision, Beginning'on the left, ERDA first selects speclfle bids in Node i. 

In Nodes 2-4, the first plant outcomes and outcomes for the technology as 

a whole are realize~. In Node 5, foreign suppliers reac~ to the technol6gies 

available in the U.S. In Node 6, the government reeulators respond to the 

.enerey situation that exlsts at that time. In Node ?, the private sector 

responds ~o ~he government regulation decisions and the state of the world 

existing at that time. In Node 8, industry ultimately decides %~hether or 

not to build a coal Easiflcation industry. As mentioned previously, 
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in this decision determine most of the benefits of the conmerclal demon- 

s t r a t i o n  program. Finally, in Nodes 9 and I0, f o r e i g n  and domestlc energy 

suppliers and consumers respond to th~ prices and quantities of energy 

available. 

There are a large number of players involved in this process -- 

&overnment regulators, the financial community, and the utility industry 

are explicitly represented -- while a largc number of agents are included 

implicitly, such as in energy markets. In addition, the tree is dynamic 

in that information which influences the costs and rewards to the various 

players is re~ealed only after the decisions are comitted to. For 

example, utilities must commit to capacity decisions in 1985 before the 

energy market outcomes of 1995, and hence profitability, are known. 

This decision tree can be used to evaluate Lurgl commercialization 

proposals if we can 

i. Quantify the outcomes at all stages; 

2. Encode probability distributions for 

all outcome points; 

3. Trade off the possible outcomes. 

Tn this study, we began by constructlng a deterministic model of the 

commercialization processD i.e., ~th Step I. We found in so doln E that 

the commercialization process was more complicated than anticipated. In 

view of this complexlty, and the f~ct that commercialization decisions are 

not now imminent, we chose to build deterministic models:hot coal Easlfi- 

cation and shale commercialization. Even though the decision tree in 

Figure E1 was not used to recommend a decision, it nccetheless serves as 

a useful "roadmap" for this analys~s. Using the groundwork lald in this 

study, such a tree could be quickly constructed and used to recommend 

policy. 

As discussed about, in order to use the decision tr~e for evalustlng 

bids, a dete~minlstic structural model must he built to generate the out- 

comes ~or each particular path thr¢.ugh the tree. This volume discusses 

that model, which will he discussed in two parts. ~Irst, the impacts of 

the first plant will be considered. Second, the effect of the first plant 

xlll 



on the long run outcomes will be discussed. 

The first plant model is best discussed in terms of ~igure E2. The 

fi&ure shows the six submodels that Eenerate the first plant outcomes and 

how they interact. The water supply model calculates the water required 

to support mining and gas production. The coal mine model supplies the 

feedstock to the gasification plant. It calculates the ~xpected number 

of minlng deaths, and the amount of land disrupted and reclaimed. The 

mine envlronmentalemlsslons are also determined. The government cost 

model calculates the admlnlstrative expenses of a commercialization program, 

the transfer payments saved due no increased employment{ and the possible 

lost taxes and lomn default payments if the first plant is not successful. 

The plant model relates the nameplate capacity of the plantm the 

thermal efficiency of the plant, and the stream factor to calculate the 

quantity of gas produced. Environmeatal residuals are also determined. 

The plant model explicltly considers lea~nlng. The hardware can 5e Broken 

into units, and a differest rate of learsing specified for each unit; this 

reflects the feet that some portions of a gasification facility are based 

on conventional technology while other parts require the acquisition of 

new skills that should exhibit strong learning with experience. 

The first plant financial model calculates the plant gate gas price. 

These facilities will 5e controlled by regulated utilities, with the gas 

sold in a regulated environment. Thus, the model is based upon the "cost 

of service" pricing mechanism. The financial model produces the gas price 

trajectory under various regulatory conditions. For e~ample, the utility 

might be required to pass tax savings from the investment tax credit on to 

its customers, Or the customers might pay a surcharge during cosstruccion 

tO zeduce the capital exposura~ The effect of inflation on gas pri~e is 

explicitly considered. The model also calcnlates the cash flow and hence 

the return to equity for the utility, providln~ an indlcatlon of the 

attractiveness of the project to utility investors. 

The local sucloeconom~c model describes the interactions that occur 

when a large scale industrlal facillty is constructed and operated in a 



~u 
i.l.I 

I ~  U.i = J  

=~ 

i I a  

Z 
O 

Q= 
IJU 
I-- 
Z 

Z 
0 

Q 

0 
F- 

N 

u.I 

0 
¢.J 

z 

n.- 

-T- 

z 
. . J  
O= 

I.L 

h -  

i 
i.L 

X V  



remote area. The model is dynamic, in that present actinns influence 

future outcomes. It is interactive, in that various portions of the local 

community influence the actions of one another. The local'to~ is divided 

into sectors including population, the housing market, the local economy, 

the government revenue flows, and the soclal services provided. The 

model ¢al6ulates the factors that influence the quality of life, such as 

the possiS!e shnrtage of housing and social infrastructure, 

To consider the long run effects of a bid acceptance decls%on, the 

analysis makes extensive use of the SRI National Energy Model. This 

model calculates the equilibrium prices and quantities that equate supply 

and demand for virtually all energy t>pes. The model contains siEn~ficant 

reEional detail for both end use consumption of energy and primary resource 

production. The counEry is connected by transportat~Qn links. Conversion 

processes can convert energy from one form to another. Calculation of 

lone run economic benefits as manifested through price and quantity changes 
1 

is straightforward. For varying degrees of success and failure of the 

first commercial gasification plant, date inputs to the energy model can be 

changed and the economic consequences identified. The energy model has a 

submodel to track environmental emissions ~hat are consistent with the 

energy supply/demand balance. Th~s produces the lone run environmental 

consequences of commercialization. Increases in population in remote, 

energy resource-rlch areas are also calculated, providing the lone run 

sncloeconom~c impacts nf a commercialization program. Both the short and 

long term outcomes must be evaluated on a consistent basis to de~ermine 

the value of any particular proposal. The social value model performs 

this ~ask. By assignlnR judgmental tradeoffs among the varinus outcomes, 

an overall value or measure of deslrability can he assigned ~o each gasifi- 

catinn proposal. 

Finally, it is important to realize that ~he evaluatlon framework 

defines the structure o f  any request for commercialization proposals. 

This relanlonship is spelled out in the last section of the report. 
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SUMMARY OF BASE CASE RESULTS 

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

the  body o f  t h e  r e p o r t .  To s u n ~ a r i z e  t h e  b a s e  c a s e ,  we w i l l  r e l a t e  i t  

to the tree in Figure El. Given a decision at Fan 1 co accept a bid for 

a 250~M Sol,stream d r y  Lurgi plant, we assume that the plant begins 

operation in 1981 (an optimistic branch in Fan 2 of Figure El). It pro- 

duces gas at an average prate of $3.18/Hcf. We assume for Fans 3 and 4 

that the program accelerates the Lurgl industry five years (from 1990 to 

1985) and all other coal gasification based technologies (second generation. 

hydrogen, methanol, low Btu gas) by three years. In paruicular, the second 

generation gas~flcation industry is accelerated to 1989, which is a relatlvely 

optimistic branch in Fan 4. In Fan 5, we assume high prices for imported 

gas and oil, which favors the program. For Fans 6 and 7, we assume ~avor- 

able investment and regulatory conditions. Thus, in Fan 8, the industry 

is assumed to expand if it is economically attractive to do so ~- that is~ 

i~  s y n t h e t i c  gas  i s  p r l c e - c o m p e t i t i v e  w i t h  o t h e r  f u e l s .  I n  Fan 9,  we 

assume contlnued hlgh import prices and i n  Fan I0 favorable investment 

conditions. The net result of our assumptlons is to create a rather 

optimistic set of assumptions ~or acceleratlng coal gasifleatlen. Again. 

we emphasize that it is but a sln81e scenario -- to recouffinend policy, con- 

sideration of many more scenarios and their llkel~hood of occurence ~ould 

be r e q u i r e d .  

We~rlll now summarize first the short run results and then the long 

run results in the base case. The first Lurgi plant produces gas at an 

a v e r a g e  c o s t  o f  $3 .18  p e r  Mcf. S i n c e  t h i s  p r i c e  i s  i n  e x c e s s  o f  p r i ~ s  f o r  

c o m p e t i n g ' g a s  o v e r  most  o f  i t s  l i f e ,  t h e  f i r s t  p l a n t  has  an economic  c o s t  

of abou~ one half a billion dollars. Theconstruction and operation of the 

plan= dlsrupts =he local community, causing an increase in population and 

shorCages of social services and housing. The local environmental residuals 

are not lars8. The cost to the federal government is minor. 

In the long term, we assume that the ~irst plant accelerates the 

availability of coal gasification technology f i ve  years in ~he case of 
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L u r g i ,  and  t h r e e  y e a r s  f o r  a l l  o t h e r  g a s i f i c a t i o n  t e e h n o l o E i e s .  Th~s 

produces  a l o n g  r u n  i n c r e a s e  i n  t h e  amount  o f  h i g h  Btu g a s ' p r o d u c e d  from 

coal, and reduces its price for a period of fifteen years. Thus, a long 

run economic benefit In the range of  one billion dollars is produced. 

The iong run environmental and socioeconomic impacts are negative -- the 

amounts ofpollutlon aod soeloeconomic disruption in remote areas inczeases, 

T a b l e  E1 shows t h e  e v e l u a c l o n  o f  t he  b a s e  c a s e  outcomes  as  computed 

by t h e ' s 6 c l a l  v a l u e  mode l .  Under t h e  b a s e  c a s e  a s s u m p t i o n s  f o r  c o a l  g a s l -  

f i c a t i o n ,  t he  l o n g  r u n  economic b e n e f i t s  d o m i n a t e .  The n e t  b e n e f i t  ( b e n e f i t  

mlnue c o s t )  o f  t h e  p rogram i s  $2&5 m i l l i o n .  The maJ.or c o s t s  o£ t h e  program 

a r e  t h e  f i r s e  p l a n ~  economic c o s t  and t h e  l o n g  run  s o c i o e c o n o m i c  and  e n v i r o n -  

mental impacts. 

S m~ARZ OF SENSITIW~ ~ALYSlS 

Since . - . . ,=  ~ a s e  c a s e  a s s u m p t i o n s  a r e  somevha~ o p r i m i s t l c ,  a number  o f  
. '  .." 

a l t e r n a t i v e  c a s e s  mus t  be g e n e r a t e d ,  many o f  ~ h t c h  would d r i v e  t h e  n e t  

be~efiti~ negative. Any adverse change in the long run fans of the decision 
| 

tree ofl~Igure E1 would reduce the long run benefit. l~O r e x a m p l e  ~ i f  t h e  
l |  

OPEC e a i ' t e l  c o l l a p s = d ,  d e c r e a s i n g  the  c o s t  o f  i m p o r t e d  c r u d e  o i l  and LNG, 

IL'ca ion the gas~t~ t industry growth mlghc be less and the l o n g  run economic 

benefits would be reduced. Similarly, government regulators could deem 

gasificatlon pollu~ion unacceptable and limit ~dustry growth and the 

associated beneflt~. Any shortcomlng in firs~ plant perfornm~a would 

increase the econo~dc cos~. 

SUMMARY INSIGHTS 

Based upon the results of our sensitivity analyses, we have gained 

the ~ollowing insights: 

I. Economic effects dominate. The long run and first plant 

economic affects a re  the two largest contributors t o  t h e  • . . . .  

" c o s t  and  b e n e f i t s  of  a b i d .  The v a l u e  o f  a h i d  a c c e p t a n c e  

d e c l s l o n  I s  s t r o n g l y  d e p e n d e n t  upon  t he  a b i l l t y  of  a p l a n t  

t o  a c c e l e r a t e  gasification t e c h n o l o g y  availahiXity a t  a 

r e d u c e d  prlce. 

% 

x~lil 



BASE CASE VALUE 

::.. .. 

First Plant 

Economic 

Environmen ~al 

Socioeconomic 

Long Run 

Economic 

Environmental and Soc~oeconom±c 

Total 

Net 

$ Millions 

Costs Benefits 

526 

27 

52 

i~i00 

250 

855 I,I00 

245 

TABLE E-I 
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2. E n v l r o n m e n t a l  c o s t s  a~e no t  g r e a t  I n  t h e  s h o r t  r u n ,  hu t  

have  mere i m p a c t  i n  the  l o n s e r  te rm.  

3.  Soc ioeconomic  c o s t s  a r e  n o t  l a r g e  on a n a t l o n a l  b a s i s .  

However, t h e y  a r e  l a r g e  £or t h e  s m a l l  number  o f  peop le  who 

have  to  h e a r  them.  M i t i g a t i o n  e f £ o r t s  c a n  r e d u c e  h u t  n o t  

e l i m i n a t e  t h e s e  p r o b l e m s .  
L 

These  i n s i g h t s  a r e  n o t  s e n s i t i v e  to  r e a s o n a S l e  c h a n g e s  i n  a n y  o f  the  assump- 

t i o n s  o r  p a r a m e t e r  v a l u e s  t h a t  w~ 5ave  u sed .  : " 
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XNTRODUCTION 

• Assuming that a eynthetlc fuels bill similar t o  H.R. 12112, w h i c h  

was narrowly defeated ~n the 94th Congress, passes in the reasonably near 

future, the Office of Commercialization of ERDA will soon he charged with 

avaluatlng which of several synthetic fuel plant bids to accept, In fact, 

the fundamental declslon facing the Office of Commercialization will be 

what set of blds to accept. The synthetlc fuels commercialization program 

will he eonstrucued from the set of blds received and will consist of a 

mix of te=hnologles, involvlng plants of different sizes, based perhaps 

on different processes, and at different lo=atlons. 

In order to obtain the optimal mix, size, and location of these plants, 

we have developed a framework for analyzing bids for one technology -- high 

Btu gas from coal. The framework is quite ~eueral and will b e  adapted to 

other technologies being considered in ~he proposed loan guarantee program. 

This report is intended ~o co~unlcate the de=~il~ of ~he coal gasification 

bid selection model. The model diecussed in this report is deterministic, 

meaning tha~ uncertainty has been Included so far only through sen-s~ivity 

analysis. The coal Easlficatlon model is relatively detailed; its purpose 

is first ~o interrelate all potentlally important variables and then to 

help us understand which are actually important. Before proceeding wi~h a 

detailed description of our det~i~nlnistic framework, we will sumunarlze the 

goals of this study and which of those goals are addressed by our work thus 

far. 

I,i GOAL 0F THE STUDY 

The Office of Commerclalization's decision problem can he viewed on 

two levels: 

a. Firsu, selecting among bids from each technology type; 

b. Second, coordinating the acceptance of these bids to achieve 

an optimum por~£oiio (mix) of plants. 

At both levels~ any analysis must take into account economic, environmental, 

social and other pertinent considerations. This report focuses on the first 

level decision. We have developed a methodology for making the bid selection 



. °  , ,  

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

coal. ~" This me~hodo.logy is the crlei,-al bu~ldlng block for solving the 

higher level decislon problem -- scJ..eccinE t h e  optimum portfolio of plants, 

as well as for fom~s±ng on the bid selection decision for the ocher tec'-~- 

nology types., In fact, the framework we have developed for analyzing coal 

gasification bids lends considerable .insight t o  the process of commercial- 

ization in general. := := --:. :=~= 

In SRI's analysis in 1975 as' to wheth~.r to have a synthetic fuels 

program and if so what size, it was not necessary to analyze economic, 

technological, environmental, social, regulatory, or finanelal aspects of 

each technology in great denail• However, in order to design an optimal 

mlx of plants from a set of bids, it Is necessary t o  understand these 

aspects for each proposed plant. Once we have t h e  methodology to design 

an optimal plant mix, we will be able as wall to "redo" the orlginal syn- 

fuels analysis on a technology-by-technology basis. 

Our focus so far has been on the production of high Btu gas from coal 

for two reasons. First, coal ~asi£1cation appears to be central to the 

synthetic fuels commercialization program and implementation decisions 
!: 

appear more imminent. Second, as we have seen, it is necessary to under- 

stand one technology in some det~i~! before moving to other technologies. 

,The framework we have developed for coal gasification represents a 

signiflcant broadening of perspective from the origi~,al synthetic fuels 

task force analysis. In particular, a great deal of modellng work has been 

incorporated to understand socioeconomic 'and environmental outcomes at 

nearer the level the SRI Energy Model allows us to understand economic 

impacts• T h e  framework is an integration of expllcit short and long term 

• economic ,- 

• environmental 

• n o c : ~  o a c o n o m i c  

models• 

t 

1.2 OUTLINE OF THE REPORT 

To put the commercialization program in perspective with respect to 

ERDA's overall operations, we will briefly d iseus~ the ralatlonshlp between 

°t: 
• ~.-. ~- .-. :.', 

.-. 
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co~nerciallzation and R&D in the next section. Section 3 then outlines 

the overall de=Islon analysis model for the co-,-erclallzatlon bid ac=eptance 

decision. The bulk of ~he report is devoted to the cDal. Eas~ficatlon 

de~ermlnistie model. Finally, tha information that bidders should provide 

ERDA is listed in Section 5. 

'.. 
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OVERVIEW OF COMMrERClALIZATION AND ITS RELATIONSHIP TO R&D 

As chartered by the Congress in Public Law 93-438, ERDA has a 

re~ponsibillty to support both basic R&D and the demonstration of commercial" 

feasibility. In particular, ERDA has r~sponslbility for "encouraging and 

conducting research and development, including demonstration 

of cor.merclal Eeaslbillty and practical applications of the e-xtraeCion, 

c o n v e r s i o n ,  s t o r a g e  , t r a n s m l s s l o a ,  a n d  u t i l i z a t i o n  p h a s e s  = e l a t e d  t o  t h e  

development and use of energy from fossil, nuclear, solar, geothe=mal, and 

uther sources." Thus it is important to clearly understand the relationship 

between commercialization and R&D and to ensure that any potential commerclal- 

ization progr~=is consistent with ERDA's ~;erall operations. 

To begin with, it is essential to think of commercialization and R&D 

not as two distinct processes, but zather as two interrelated phases in the 

delivery of a technology to the energy market. This PrOcess of:deliverlng 

a technology to the energy market involves the interactlon of a iarge number 

of decision makers -- those who all~cste'R&D resources (e.g. , ERDA~ oil 

companies); those who use R&D resources and develop commercially feaslble 

technologies (engineers, physlcists, chemists); those who decide whether to 

implement those technologies '(e.g., private investors, financial community, 

utilities, oll companies, perhaps government); those outside the U.S. energy 

system who can affect it (e.g., OPEC); regulators ~e.g., FPC, PUC's); those 

who make public policy (e.g., Congress, executive branch, the courts); and 

finally, those who decide what ener~" forms to purchase (e.g., end users, 

refinery operators). The costs and benefits of R&D and commercialization 

depend upon the interaction of all these decision makers and hence a robust 

analytical structure must explicitly recognize each of the decision makers. 

The analytical structure used in this study of commercialization 

explicitly recognizes its interrelationship wlth R&D. The structure can be 

viewed as in Figure 2.1. To place the commercialization decision into its 

proper perspective, a detailed desc:iptlon of Figure 2.1 will be given. 
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The first set o~ decisions in the process of deliverlng a technology 

to the energy market involve the '*level o~ effort" devoted to that tech- 

nology. In Figure 2.1, this decision is represented in the lower left hand 

box and is called allocatlon of R&D resources. Such a decision might be to 

spend $I00 milllon/year on in sltu ?oal gasification, $i0 milllon/year on 

solar collector research, $350 milli~h,: for a C02 acceptor pilo~ plant, and 

to kill the breeder program. The 8e~ of decisions to allocate R&D resources 

iS ~ade by the government (e.g., ERDA) as well as private Industrles {e. E. , 

o11 company-sponsored development). These decisions are quite complex, 

Involvlngmany different technologies at different stages of development. 

They have a stzon E effect on the characteristics and rlmlnE of each ~eeh- 

nology at each point in time. 

Because it is easy to measure the cost of allocating R&D TeSOurces, 

a naive declalon maker might conclude that R~D is "too costly." A brief 

example will illustrate that the R&D process must be followed out to its 

conclusion ~efore such an assertlon can he made. The example shows that 

Such criteria as "cost to government" when used alone lead to !udicrcus 

consluslons. Conslder ~wo typoth~t±cal R&D options, A and B. Option A 

costs $10 billion to pursue and returns $20 billion in benefits, giving a 

ne_._t_tbeneflt of $10 billion. "Option B costs $10 mi111on to pursue and returns 

$I00 milllon in benefits, giving a ne___~tbaneflt of $9Omillion. Which option 

is more attractive? Certainly Option A is by far the more attractive, 

yleldlng $I0 billion in net benefits while Option B yields only $90 million. 

Our naive decision maker who evaluates R&D based only on its cost would 

conclude thit Option A is too expeusi~e and Option B is better. To avoid 

this erroneoueconclusion, a framework used to analyze E&D decisions m, st 

look~ll behond the allocation of R&D resources decision itself in order 

to ~nderstand the entire process of R&~ -- in partlcular~ the eventual 

use of the resul=s of R&D. 

Once R&D allocations have b e e n  made, research and technical develop- 

merit work begins. Engineers, physiclsts,'chemlsts, environmental scienEists, 

social scientists, and the like utilize the resources available to them and 



b e g i n  a complex p c o c e s s  o f  b a s l e  z e s e a r c h ,  benc~  s c a l e  e x p e r i m e n t s ,  p i l o t  

p l a n t  c o n s t r u c t i o n ,  d e m o n s t c a t i o n  p l a n t  c o n s t r u c t i o n ,  and so  f o r t h .  T h i s  

p r o c e s s ,  w h i c h  we h a v e  d e n o t e d  i n  F i g u r e  2 . 1  a s  ehe p r o c e s s  o f  R&D, i s ,  i n .  

an I m p o r t a n t  ce r i se ,  o u t s i d e  tha  c o n t r o l  o f  t h o s e  who a l l o c a t e d  t h e  K&D 

resources. To illustrate, ERDA cannot "decide" the results of the R&D 

process; their only d~clslon involves how much money to give to the develop- 

ers o~i:each technology. That is, ERDA's control over the ~volutlon of the 

technologies comes through thelr resource a11ocation decisions. Figure 2.1 

illustrates that the outcomes of the process of R&D are the technical, 

environmental, social, and engineering parameters at each point In ~ime. 

They are called the technical outcomes of R&D. The technical outcomes 

includm thermal efflciencles o£ processes, enelneerlng desien and capital 

and operating costs of potential plants, necessary envlro~unental control 

hal-dware, and so forth. 

Once these technical outcomes of R&D have bean delivered to the energy 

market, the commercialization or implementation decision maklng process 

beglns. It is important uo none that the ~echnlcal outcomes oE R&D are 

not "hard and fast" numSers, but in fact are uncertain. The decision 

makers who decide whether to commercialize the technology will take this 

uncertainty into a c c o u n t  in their decision making process. The present 

analysis focuses on the c~erciallzation decisions that will be made reeard- 

ing synthetic fuels technologies whose stage of development is far enough 

alon E that a commercial plant could be built. In this report, we are focusing 
,° 

on high Btu gas from coal, using the LurEi technology with methanatlon, but 

a subsequent report will consider shale oil processing. 

The commercialization decision in Figure 2.1 is t e r m e d  the implementation 

decision. The implementation declsio~8, whether or not to actually utilize 

the taehuoloey In commercial projects, involve the same diverse set o£ 

declsionmakers who were involved in the R&D allocation decision. We will 

shortly describe a structure that allows us to understand the interrelation- 

ships among these decision makers. As shown in Figure 2.1, each of these 

decision m~ke~s will consider the technical outcomes of R&D in their decisions. 



Oil companies and utilities will design plants and assess their profltabili~y. 

The g o v e r n m e n t  w i . l ~ : " ~ h s ~ d e r  t h e  t e c h n i c a l  ou t comes  i n  d e c i d i n g  on s u b s i d i e s ,  

pzlee regulations, quotas, or allocation schemes. ForeiEn governments may 

monitor the technical outcomes of R&D in eslabllshlng prices for energy 

imports. Lending Instlturlons will pro~ect the likelihood of success in : 

the marketplace in establishing interest rates and lending amounts. The 

results o£ the implementation decisions determine what plan~s of all types 

~re in place and ready ~o compete with one anoLher to setlsfy customer 

demands and ~hat imported energy forms are available at what price. 

Yinally, after all implementation decisions have been made, the c o n -  

sumers  of energy de~ide which energy for~'s tO purchase. These d~cisions 

aye represented by the box designated eDerEY system in PlEura 2.1. Energy 

purchssers receive an economic benefit from R&D if prices to ~hem drop as 

a result of implementing the new technologies. Conversely, e~ergy pur- 

chasers receive no economic benefit if prices do not drop. Assuming the 

new technologies d__oodecrease energy prices, th~ interrelationships among 

energy suppliers and purchasers will have readjusted as a result of the K&D 

and impleme~tatlon decisions. When environmental and social ~ead~ustmen~s 

in the system as a r~sult of R&D and implementation ara also considered, 

one has the comprehensive set of enRr~ ~ ] system.outcomes listed in Figure 2.1 

which ~ive rise to the benefits and costs of E&D and commercialization. 

The energy system outcomes in ~igure 2.1 are evaluate~ by the different 

decision makers when they make their E&D and implementation decisions. 

Generally, different decision makers focus on different outcomes. For 

example, utilities will focus on the return they receD~e on their investment~ 

whereas environmental advocates might focus solely on environmental outcomes. 

Alternativ~ly, we can introduce the ~otlon of a social value by eetabllshing 

e~licit tradeoffs on all of the energ7 system outcomes, This is ths value 

that ERDA would consider in making E&D o r  commezclalizatlon decisions. 

The decisions to allocate E&D resources and the co~merclallzation 

deeislons faeln8 ERDA interact because the benefits of R&D are not realized 

until after ~mplementatlon. But they interact in another important way as 

well. At nhe time when the co~erclalization decision is made, ERDA must 

\': 



decide whether to spend its money on commercial plants or to spend it on 

~&D for technologies to be implemented later. That is, because of ERDA's 

budget llmitatlons, el! R&D and commercialization cannot'be ~unded slmul- 

taneously. Thus there is a resource limitation that ti~s the allocation 

of R&D resources decisions and the commercialization together. To illustrate 

this interconnectlon, consider the sequence of decisions and outcomes In the 

R&D sequence through which a technology evolves. Figure 2.2 shows five stages: 

!) Resources are ,cede available to develop the technology; 

2) Technical outcomes of R&D occur for the technology; 

3) Decision makers outGide ERDA's control react; 

4) Implementation decisions are made;and 

5) Market outcomes are realized. 

These five stages are self-explanatory and are consistent with the descrlp- 

tlon of Pigure 2,1. 

Suppose now there are two technologies whose R&D procedures are sequenced 

as in Figure 2.3. Figure 2.3 ~llustrates that in fact the allocation of 

R&D resources decision for Technology II competes directly with the commercial- 

ization decision fo r  Technology I.  The decision facing ERDA at that time is 

shown in ~i~ure 2.3. Budget limitations could limit the alternatives avail- 

able and change the costs and benefits from 5ot___hhTechnologles I and I!.- 

The framework to be described in the remainder of this report focuses 

speclflcally on the commerelallzatlon decision, but care has been taken to 

consider the interaction wlthR&D decisions as well. A more specific and 

detailed discussion of where co~erclalization flts into the scheme of EKDA's 

business is given in the section entitled Lon~ gun Economic Beneflts~ The 

next section discusses the specific problem addressed in this study and future 

sections discuss the model we have developed to analyze that problem. 
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DEGISION ANALYSIS MODEL OF COMMERCIALIZATION 

:;In Figure 3.1 we have constructed an outline of the decision problem 

faced by ERDA Office of Commercialization. The figure illustrates the 

interrelationships of the various aspects of the commercialization prob- 

lem, particularly among the various decision making parties -- ERDA, 

government regulators, the financial community, and the synthetic fuels 

industry. We will briefly discuss the rationale for this outline. 

ERDA interacts with the synthetic fuels industry by receiving a set 

of bids and accepting some of them. For those bids that are accepued by 

ERDA, commercial demonstration plants are constructed, as repEesented by 

the "R&D, Commercialization" arrow in Figure 3.1. As a result of building 

and operating these commercial demonstration plants, the synthetic fuels 

industry acquires new knowledge regarding synthetic fuels processes. Such 

knowledge might include improved plant design, measure for reducing capital 

and operating costs, improved efficiency, o r  de=teased environmental impact. 

This learning, represented in the "Synfuels Technology" box in Figure 3.1, 

will be discussed extensively for the coal gaslfication bid selection 

decision in this report. The synfuels technology model provides a con- 

slsuent framework for obtaining expert judgment on the various components 

of each plant, and for synthesizing these j~dgments into a consistent 

assessment of overall plant economics and learning. Although we have built 

such a model only for coal gasification, the same approach can be used for 

all technologies. 

A~ shown in Pi&ure 3.1, the synthetic fuels industry interacts directly 

with the U.S. energy market through implementation of its technologies. To 

understand the complex and dynamic economic interactions between synthetic 

fuels technologies and the rest of the society, we have Integrated two models. 

A short term model calculates the ~uupacts of the first plant and a long 

term model, based on the SRX National Energy Model, calculates subsequent 

long term effects throughout the society resulting from the first plant 

I. 
12 
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construction.. Both models consider the eoonomic,-£ndludlng technological- 

environmental~ and socioeconomic outcomes of commercialization. 

3.1 COMMERCIALIZATION - DECISION TREE 

It is useful to "lay out" the key elements of the bid selection 

dec~slon analysis in terms of the decision tree shown in Figure 3.2. 

The tree serves as a medium of communication and helps to focus on the 

decision at hand. The decision tree provides a framework for understanding 

the decision process -- the sequence of decisions that are ootllned in 

Figure 3.1. In addition, it clearly indicates where uncertainty in p~oblem 

v&rlabl~s will be added to the detcrministlc analysis outlined in ~he 

following Section. 

The leftmost fan of the tree represents the decision as to which bids 

ERDA will accept. Each bid will specify coal type, plant size, location, 

technology, financial parameters, environmental impacts and social impacts. 

The rest of the tree must be able to capture these distineLions. Once a 

bid is accepted, the plant will be nonstructed. Its technical and economic 

outcomes are uncertaio and thus we have included the second fan in the tree. 

After construction and operation of the flrst'plant, ERDA will learn about 

the cost and performance of future plants based on either the first generation 

technology itself, or perhaps even second generation technologies. ~t appears 

that learning about second generation ~echnologles (Bigas, Hygas~ C02 

Accepter~ Synthane) may be more important tha~ ic=rning abou~ first generation 

technology (Lurgi wlth methanatlon) because second Eeneratlon technologies 

promise to be quite attractive if present estimates are accurate. The tree 

~n ~igure 3.2 considers this effect in ?ans 3 and 4. 

After the resolution of uncertalnty regardlng synfuels prices, the U.S. 

will face uncertainty on world energy prices -- Fan 5. This fan will allow 

us to consider foreign reaction, if any~ to the outcomes of the program. 

Next, the government must make decisions regarding further subsidies, price 

regulation, quotas, storage, and so forth, and these decisions will depend 

on what has happened previously. Fan 6 represents this possibility. Fol- 

lowlng these government decisions (made in about 1985), the domestlcfinancial 
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instltutlons,yill respond. Since synthetic gas prices are quite sensitive 

to financial parameters, the costs and beneflts of the program can change 

sub stantlally. ,.Fan 7 allows us to consider this possib£1ity. 

Nex~,~InFan 8, the synthetics industry will decide whether to invest 

in synthetic gas plants for 1990 and beyond. This decision will obviously 

depend on all that has gone before~ program outc0~es, government declslonsp 

and world energy prices. Finally, in Fans 9 and I0, the U.S. will £a~e the 

energy market outcomes -- prices, quantities, social outcomes, and environ- 

mental outcomes. At thls ~ point in time, the U.S. receives the major benefits 

from commercialization. 

Although the eventual decls~on made by ERDA will require the analysis 

of a 6eclslon tree like that in Figure 3.2, ~t would be premature to under- 

take such a detailed analysis at this point. Since a commerclalizatlon program 

has not yet been au~horlzeds there are no firm proposals ~o provide the 

parameter values and probability assessments inherent in Figure 3.2. Further- 

more, such an evaluation presupposes some framework for evaluating ~he 

consequences of travellng down and particular sequence of br~nches in the 

decision tree. 

The focus of this analysis is the development of the evaluation ~rame- 

wor~ no____ttmaklng predlctlons or establlsh±ng ~he ualue of a particular program 

by evaluating a tree such as that in Figure 3.2. However, to provide Inslght 

into the Important determlnants of a com~erclallzation proposal's value, 

a "base case" has been defined for purposes of exercising the framework. The 

base case can be thought of as one particular path through the decision tree 

in Figure 3.2. This base case incorporates current estimates for the tech- 

nical, economic, environmental, end social parameters associated wi~h coal 

gasification. These are based on currently available information and our 

conversatigns with industry and non-lndustry sources. They will be dis- 

cussed in detail later in the report. Furthermore, the base case assumes 

that other factors affecting gasiflcatlon such as regulations and foreign 

developments are all generally favorable to gaslflcation. 

To summarize the detailed assumptions of the base cases we will relate 

it to the tree if Figure El. Given a d e c i s i o n  t o  accept a bid, we assume 

16 



that the first plant begins operation in 1981 (an optimistic branch in 

Fan 2 of Figure El), It produces gas at an Iverage price of $3.18/Mcf. 

We assume for Fans 3 and 4 that the program accelerates the Lurgl industry 

five years (from 1990 to 1985) and all other coal gaslficatlon-hased 

technologies (second generation, hydrogen, methanol, low Btu gas) by three 

years. In partlcular, the second generation gaslficatlon industry is 

accelerated to 1989, which is a relatlvely optimistic branch in Fan 4. 

In Fan 5~ we assume high prices for imported gas and oil, which favors 

the program. For Fans 6 and 7, we assume favorable investment and regulatory 

conditions. Thus for Fan 8, the industry is assumed to expand if it is 

economically attractive to do so, that Is, if synthetic gas is competitive 

with other fuels. In Fan 9, we assume continued high import prices and 

in Fan I0, favorable investment conditions. The net result o~ our essump- 

tlons is to create a rather optimistic scenario for accelerating coal gasi- 

fication. Agaln~ we emphasize that it is but s single scenario -- ~o 

recommend policy, consideration of many mo~e scenarios and their likelihood 

of occurence would be required. 

The base case is just that -- a base to exercise the framework and 

from which to'determlne the sensitivity of results to cha.ges in various 

parameters. The base case (and its results) do not constitute a prediction 

of the most likely outcome of a coal gasification program, nor a statement 

that an explicit consideration of the uncertainty indicated in Figure 3.2 

can be avoided. 

17 
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DETE~MTNISTIC MODEL OF COAL GASIFICATION BID SELECTION DECISION 

This section outlines the current development of our deterministic 

model for the coal gasification decision. The aim of this model is to 

capture at a simple hut comprehensive level the variables that could po- 

~entially be important in the coal gasification bid selection decision, 

and to then determine which of those variables actually are important through 

sensitivity analysis. Sensitivity analysis in the model helps determine if 

its behavior is reasonable across a broad range of assumptions, whether 

further detail should be added in certain areas, and what factors in the 

model must be treated probabilistieally. Probability distributions mus~. 

be assessed on all the latter factors before using the framework to evaluate 

speciflc proposals. 

In thinking abou~ the implications of building gasification plants, 

it is useful to distinguish two dimension~: ¢ 

i. Geographic, and 

2. Time. 

The important distinctions on the geographic dimension are the local area(s) 

in which plants may be builD~ the demand region(s) in which gas is sold, 

and the nation as a whole~ Wa want to evaluate gasificatlon decisions from 

the nation's'point of view, but we want to do this caking into account 

different local and regional impacts. On the time scale, it is useful to 

distinguish between the short term period when the first gasification plant 

or plants are being built and operated, and the long term extending out 

into the next filly years. 

The model we have constructed is a synthesis of two models as sum- 

marized in Figure 4.1. A model dealing with local, short term impacts has 

been constructed especially for this pro~ect. The regional and national 

lon 8 term impacts are represented by interfacing the local model with the 

SRI Energy Model. We will discuss both in detail in this report. 

The outcomes of the two interacting models are expressed in quantities 

like the amount of water used, the quantity of gas produced, and the level 

of emission from a plant by emission type-- measured both over the short 
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and the long term. These outcomes are output from the model near the right- 

hand s~de of Figure 4.1. These variables represent the quantities that 

ERDA Office of Co~mercializatlon will be monitorlng when making the com- 

mercial plant selections. " 

In order to make a dhcisiod, value judgments must be applied to these 

variables, Is the potential increase in gas supply worth the environmental 

degradation from the plants? Questions such as this must be answered by 

assigning explicit tradeoffs to the outcomes shown in Figure 4.1. This is 

the purpose of the social value model. The output of the social value model 

is then an overall measure of the desirability of a particular project or 

set of projects. 

The important local, short term interactions resulting from a decision 

tO commercialize a coal gasification plant is shown in Figure 4.2. This 

~igure can be thought of as a closer look at the eaergy systam and 

mentation boxes in Figure 2.1, discussed previously. The blocks and arrows 

on the left-hand side of Figure 4.2 represent processes that determine the 

outcomes. 

The framework shown In Figure 4.2 outlines the local short term model. 

The next few subsections will discuss it in detail. The long run model 

consists of four submodels, all of which are contained in the enhanced 

version of the SRI National Energy Model used in this study: 

i. Regional economic model 

2. National economic modal 

3. Reglonai environmental model 

4. Regional social model 

When we have completed our discussion of the local submodels, we will dis- 

cuss how long run benefits of commercial demonstration from a n~tlonal 

perspective can he calculated using the SRI National Energy Hodel. 

Finally, the social value model will be described By explaining how 

each of the outcomes is currently evaluated. ~;' 

4.1.0 LOC~%LMODEL 

The local model is composed of six submodels: 

1. Plant model 

2. Financial model 

20 
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3. Socioeconomic model 

4. Coal mine model 

5. Water model 

6. Government cost model 

The following subsection will describe each in detail. As each submodel 

is described, the base case assumptions defining that model will be 

specified. In addition, any implications or results of those assumptions 

will he discussed. The base case assumptions and results integratins bot|l 

the short and long term models will then be summarized and reviewed in 

Sect ion 4,4. 

4. I .  1 ~l.,~T MODEL 

The ~oeus of F igure  4.2 i s  the  plan~ model, which i s  a s i m p l i f i e d  

representation of the gasification process outlined in Figure ~.3. Frola 

a technological point of view, the greatest uncertainty in the gasification 

process is in the thermal efficiency of the gasifier. In fact, ic is cur- 

rently belle-ed that the thermal efficiency ~s sufficiently uncertain to 

warrant its treatment in a probabillstic sense when actual proposals are 

evaluated. Thus, the plant model calculates the overall thermal efficiency 

of the plant as a funntion of the thermal efficiency of the gaslfler. The 

plant thermal efflclencycan then be used to calculate the production from 

the plant and the coal cost component of the gas price. 

The amount of gas produced per year is the "nameplate" size of the 

plant times 365 days a year times the stream factor achieved, modified by 

the actual thermal efficiency of the plan~. If the thermal efficiency of 

the plant is higher than estimated during construction, gas production is 

increased. Similarly, the quantity of gas produced can decrease if the 

thermal efficiency falls below that estimated. Currently, actual plant pro- 

duction is given by a simple ratio o£ the actual thermal efficiency divided 

by the estimated thermal efficiency multiplied by the estimated plant pro- 

duction. 

Durlng production of the gas, some undesirable pollutants are emitted 

to the air and water. Currently, six air pollutants and three water po!- 

lutants are accounted for ~n the model. These pollutants are each 
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p r o p o r t i o n a l  to the ou tpu t  of  the p l a n t .  A i r  p o l l u t a n t s  cons ide red  a r e  hydro-  

carbons ,  NOx, SOx, p a r t i c u l a t e s ,  a ldehydes ,  and CO. Water p o l l u t a n t s  con-  

s i de r ed  are  d i s s o l v e d  s o l i d s ,  suspended s o l i d s  and o rEan ics .  The q u a n t i t y  

of  each po l lhEant  per  u n i t  of  ou tput ,  c a l l e d  an emiss ion  c o e f f i c i e n t ;  i s  

en te red  as da ta .  An emiss ion  c o e f f i c i e n t  f o r  each p o l l u t a n t  i s  e n t e r e d  fo r  

both the plant and the mine. In o=der chat the thermal efficiency of the 

gasification process can be taken Into account, the emission per Btu for 

the mine is divided by the thermal efficiency of the total plant. This 

scales up the emissions f~om coal mining to reflect the facts tha~ coal is 

used in the plane for process heat as well as to produce gas and ~hat some 

energy is lost in the process. 

LEARNING 

:.One of the potential benefits of ~he synthetic fuels commercialization 

program is the knowledge that might be acquired regarding synthetic fuels 

pr6cesses. Such knowledge might include ~mpr, Q~ed plant design, measures 

for:~eduelng capital and opera,inK cost, impzovlng efficiency, or decreasing 

env~¢:onmental impact. Taking coal gasification as an example, learning 

effects can be emtegorized in broad terms as those that ultimately affect: 

i. The economies of gaslflcatloh through impact on gas 

: price, or 

2. The social acceptability of gaslficatlon through 

• demonstrating the actual operation of a plant. 

The economic effects can he further broken down into those effects concerned 

directly with the construction and operation of plants and the related 

effects concerned with the flnanc~ng a;~d regulation of plants. Thls suh- 

section will briefly o~,tline ~he model that we will use to represent the 

economic learning effects related to the construction and operation of Lurgl 

coal Easlficatlon plants. Similar concepts can he used to model other types 

of learning. 

A SIMPLE LEARNING HODEL 

~rom the point of view of the operation and construction of  a Lurgl 

plant, the ultimate effect of learnlnels to reduce the uncertainty in 
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the price of Eas produced by LurgiEaslficatlon. The most d i r e c t  approach 

to learnlnE would be expert assessment. For example, an .expert's (or 

experts') opinion of what the ~rice of synthetic gas would be some year In 

the future, both wi~h and without a commerclalizatlon program, could be 

assessed. The difference would represent the learning from the program 

and could Be used in calculations to yield potential economic benefit- 

Although this learning model appears to be simple and direct, previous 

experience has shown that it gives unreliable results. The basic problem 

is that the price 18 a function of so many different factors -- thermal 

efflelencles, scream factors, capital costs, and so on -- so ~hac even 

knowledgeable experLs cannot process all the interactions intuitively. 

Thus we need a more structured model. 

To develop a more structured model we cou ld  relate the price of gas  

to some of the main factors that d e t e r m i n e  i t .  For example~ in greatly 

simplified terms we can write the price per unit of output a s  

SCC X CCR Pin 
= + OM +-- 

a n 
P 
out 

where 

Pout 

SCC 

CCR 

a 

0M 

P i n  

n 

price per unit of output 

H specific capital cost per unit of capacity 

capital charge rate 

plant availability 

operating and maintenance cost per unit of output 

price per unit of input 

thermal efficiency of the plant 

~n actuality, the pricing formula used for regulated gas is a more compli- 

cated funculon of similar components. However, in either ease, a learning 

model could be based on the critical facuors influencing price and then 

the e.~.fect of these factors on price uould be determined. Let's consider 

how we might develop a learning model for the capital cost oE the plant. 
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A LEARNING CURVE 

A c o n v e n i e n t  way to  r e p r e s e n t  t h e  r e d u c t i o n  i n  c a p i t a l  c o s t  Chat 

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

t h e  u s e  o f  a l e a r n i n g  c u r v e .  S u p p o s e  f o r  t h e  moment t h a t  t h e r e  i s  no 

uncertainty so that learning results purely from experience gained over 

time. This experience is reflected in a reduction in capital costs. 

Such an  e f f e c t  m i g h t  be  r e p r e s e n t e d  by  a c u r v e  such a s  shown i n  F i g u r e  ~:..4. 

As more  and  m o r e  u n i t s  a r e  i n s t a l l e d ,  t h e  c a p i t a l  c o s t  p e r  u n i t  d e c l i n e s  

until it reaches a steady state level below which it declines no more. 

Thls~ of course, assumes constant dollars with no inflation. 

The curve shown in Figure 4.4 can be usefully parameterized as follows: 

C(n) = C(O)[f + (i - f )e -~n] 

where 
th 

C(n) - capital cost n unlt 

fm =- ratio of the steady stake cost to the initial cost 

- measure of rate at which capital cost declines 

As shown in Figure 4.5) increasing I causes the capital cost to drop more 

rapidly. As a rough measure, when 

1 
n -- 

the capital costs will have dropped two-thirds of the way from the initial 

cost to the steady state cost. Learning curves similar to these are com- 

monly used in industries such as chemical processing and alreraft. 

Using learning curves llke those in Figure 4.5, rather than trying to 

assess changes in price directly, we w o u l d  assess the parameters C(0), f=, 

and ~, and then determine the effect on price. Experts familiar ~Ith the 

construction and operation o f  Easlflcatlon plants are much more comfortable 

thinking in terms of the initial capital cost and the steady state capital 

cost rather than price directly. 

As a numerical example, suppose we determined that the initial capital 

cost of a gaslfication plant was $1.1 bi)llon (C(O) = $1.1 billion), the 

steady state capital cost was $0.88 billion (f -- .8), and the rate of 

learning was one tenth (l = O.l). The effect of learning on Lurgl gas 
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p r i c e  would be  a s  shown i n  F i g u r e  4 . 5 .  As can be s e e n ,  t h e  p r i c e  o f  Eas 

declines. The rate of decline decreases, so that the curve reaches a 

llm/tln 8 value. The first plant produces gas at $4.10 /Mcf. The second 

plant price is $4.06/Mcf, 4.4¢/Mcf lower. The eighth plant 8as price is 

$3.851/Mcf, 2.6¢/Mc£ below the previous plant. Xf very many plants were 

built, learning on capltal cost would drive the price to $3.63/Mcf. 

L~CERTA~IY 

The .problem wi th curves such as those discussed in  the l a s t  sect ion 

is that they neglect uncertainty. If there were no uncertainty about con- 

struction, chemical processes and so on, they might be good descriptors 

of the learnlnE phenomenon. However, there is uncertainty that must be 

dealt with. For example, technical experts might be uncertain IniESally 

as to whether or not the plant weTe a "high" cost plant, a "medium" cost 

plant, or a "low" cost plant. If it were a "high" cost plant, the plant 

capital cost would ,love down the "high" curve in Figure 4.7. Similarly, 

"medium" and "low" cost plants would move down their respective t~ajectories. 

To take accoun= of the experls' uncertainty, we must encode explicitly 

the probabillty of each of the three possibilities. Thus we have the 

situation su~marized in Figure 4.8. The figure is a way of summarizing 

the experts' state of information regarding capital costs prior to build- 

lug the first planE. 

After the first plant is built, the experts have soma new Information 

and might want to revise their probabilities of the plan~is belt E on each 

of the cost trajectories. In other words, if the first plant comes in at 

a low price, the probability of the next plant being on the low cost learn- 

ing curve might be increased. This revision of probabilities is summarized 

in Figure &. 9. 

Conceptually, the same expansion of the probahillty tree shown in 

Figure 4.9 will occur after each plant is built. However, practlcally, 

only a limited number of such conditional probabilltles will have to be 

considered. 

Explicitly factoring in the uncertainty Elves a much richer and more 

useful model of the learnlnE phenomenon. 7t is interesting to note that 
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the probabillstic model "explains" an occurrence often c~'ted in the 

learning curve literature. Although practicloners agree that theo- 

retically learnln8 curves should look llke those in Figure 4.5, in 

practice, the estimates over time of the cost of the next plant look 

llke Figure 4.10. For appropriate values of the probabilit~.e.s, Figure 

4.10 is lust the "average" learning curve. 

SUMMARY OF CLRtRENT STATUS OF LEARNING MODEL 

After discussion with bo~h industry and SE~ experts, we have deter- 

mined that the critlcal variables for which learning must be modeled are 

capital costs, and perhaps gaslfier efficiency. At present, the model 

has the capability o£ representla~ capital "o~t ioarnlng either at the 

plant level or at the individual process componen~ level. ~'~e model was 

used in producing the results shown in Figure 4.6. Sensltlvity analysis 

will guide the degree of disaggregatlon uhat is ultimately used. 

PLA.Wr OIITCOMES 

The outcomes from the plant model are: 

i. The amount of gas produced per year measured in 

millions of cuhlc feet, and 

2. The air and ~rater  pollutants produced by the 

plant per year -- the specific pollutants are 

detailed in Table 4.1. 

BASE CASE RESI/LT~ 

The plant has a nameplate capacity of 250 million Scf/stEeam day. 

The stream £actor is 50% for the first year of operation, 80% for the 

second year, and 90% for the duration of plant production. This yields 

the following gas production in millions of standard cubic feet per year. 

Year 1 45,625 

Year 2 73,000 

Years 3-25 82,125 

The pollutants produced by the operation are proportlonal to pro- 

ductiou. The following llst includes both mine end plant emissions. The 

figures shown are for a peak production year with a 90% stream factor; 
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Air Pollution (tons/year) 

par~iculi~es 

NOx 

SOx 

hydrocarbons 

CO 

aldehydes 

Water Pollution (tonm/year) 

dissolved solids 

suspended solids 

organics 

Plant and Mine Emissldns 

Table 4,1 
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the residuals produced could be ratioed downward for lower stream 

factor y e a r s .  

Residual Emission, in tons/year 

Ai__/_~ 

Particulates 602 

Nitrogen Oxides 6,152 

Sulfur Oxides 32 

Hydrocarbons 113 

Carbon Monoxide 415 

Aldehydes 39 

Water 

Dissolved Solids 3,540 

Suspended Solids 74 

0rganies 35 

4.1.2 FINANCIAL MODEL 

Coal gasiflcaulon plants will be controlled by public utilities and 

the gas will ultimately be sold in a regulated environment. These util- 

ities are granted a monopoly right to provide public services, and agree 

to regulation of their prices to the public. The utility is allowed to 

cover its cost of service through the prices that it charges to the 

public. This cost of service includes both the current expenses of the 

utility, and a charge to reflect the amount of capital invested to pro- 

vide the services. The financial model has the ability to calculate the 

prices that such a regulated utility would charge. The flcxlbility exists 

to vary several assumptions about regulation, and output the resul~ing 

prlccs. Also, several sensitivity cases ~est the effect of change in 

model assumptions on the average gas price. 

Like all private enterprise companies, utilities try to maximize 

=heir financial performance. A complicated financial model of a utility 

would keep track of many measures of financial performance. However, the 

decisions facing the ERDA Office of Commercialization do not require such 

detail. It is possible to model the attractiveness of a c0al gasification 
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plant to a publlc utility by computing the return to equity for the 

investment. The return to equity that is actually achieved can differ 

f~om the regulated rate of return because of the investment tax credit. 

The financial model has the~abil~ty =o calculate the return to equity 

under various assumptions about the investment tax credit, and the ta~ 

status of the parent corporation. 

Another factor that is important in regulated pricing is inflation. 

A plant is built using dollars from early years, yet inflation occurs 

over its lifetime. The fact that the Eixed capital does not inflate in 

~alue provides a downward pressure on prices. The method of incorporatln~ 

inflation into the analysis is discussed, and examples are given. 

COST OF SERVICE PRICING " 

The price that a public utility charges for £~s service Is regulated 

by public bodies. While the various bodies use different rules when 

viewed at a detailed level, the major determinants of the price remain 

constant across regulators. The utility is allowed to charge a price 

• that equals its cost of service. The cost of service can be broken into 

several cate~orles: 

i, 0peratlng and maintenance cost 

2. Capital-related costs 

. Interest o n  d e b t  

• Return on equity 

• Taxes o ~  income 

• Depreciation 

3, By-product credits 

4. O~her 

OPERATING A~D}t%~NTENANCE COST 

The operating and maintenance (O&M) category covers a multitude of 

costs. The cost of water is simply computed as the water used by the 

plant times the price of water. Chemical and catalyst costs are computed 

as a dollar amount proportional to the production of the plan~. ~.'hls Is 

a reasonable assumptlon, since the ma~orlty of the catalysts will Be used 

in units downstream of the gaslfier. The coal cost represents a price 
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per mdlllon BtU of mined coal divided by the thermal efficiency of the 

plant. Property taxes are paid on the assessed value of the plant. Other 

annual operating costs are input directly. 

The cost of maintaining the gasification facility is estimated as a 

pernent of the to~al capital invested in the plant. CurrenEly, ~o percent 

per year is used, The model cumulates the capital spent on the plant to 

a given year, and applies the two percent figure against this cumulated 

capital spending to compute the maintenance cost. All the yearly costs 

are summed to come up with the total operating and maintenance cost for 

the plant. 

CA2ZTAL£EELATED COSTS A~D THE KATE BASE 

Two kinds of investment are requlred to operate a coal gasification 

plant. Capital is invested it, the plant ItselE. A smaller amount of 

money is necessary to provide the working capital for the operation. The 

total capital invested is furnished from two sources: debt and equity. 

A plant is characterized by an equity fraction, the percent of total capital 

provided by shareholders' equity. Debt financing is used to fund the rest 

of the capital Investment. 

The total amount o[ capital invested at any time is called the rate 

base. This is split into debt and equity parts. The cost of service must 

provide funds for the Interest on the debt portion of the rate base. This 

is simply the dollars of debt outstanding times the interest rate on the 

debt. The utility is allowed a regulated rate of re~urn on its equity 

Investment. The'ra~e base is amorEized over the plant llfe. A part of the 

cost of service is this depreciation charEe. The depreciation monies are 

first used to decrease the debt associated with the gasification plant. 

When the debt is reduced to zero, the depreciation is used to repay the 

equity invested in the plant. 

Funds for fixed capital are expended during the cons~ruculon ~ime, 

a period of several years' duration for a coal gaslflcatlon plant. It is 

necessary to take account of in~erest on debt, and a return to equity for 

the money invested during the construction period. There are two major 

ways of doing this. They each have different effects on the rate bases. 
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lhe first method is called a11o='ance for funds used dur~ 

(A/UDC). Every year, the anount of debt and equity is 11 

interest and return on equity respectively, Thus, the f. 

during construction are added to the rate base during th 

period. ~he rate base at start-up is larger than t~e ac 

for fixed capital. To illustrate tbls, consiaar the follo~inK ~onstruct~m~ 

spend£~g scbedule~ 

Year I 2 3 & 

Spending i00 i00 I00 i00 

Suppose the project is financed 75% by debt, and 25% by equity. The 

interest on debu is i0%, and ~he utility is allowed a 15~ return on its 

equity. TSe sDendirE Is spread evenly o~er each year. In the first year 

$25 of equity is spent, l~.e average equity invested is one-half of t~e 

$25, or $12.50. T~e allowed returr, on the average i~vest=ent is 

.15 x 12.50 = 1.88. lhus, at the end o~ Year I. the utillty [~as $26.88 

worth of equity in tb~ project. The $1.88 is the equity component oE the 

first year's AFODC. During the second year, t~e utility has 26.88 ~ 12.50 

= 39.38 Investe~ on the average, and earns .15 m 39.38 = 5.91 return. TSus, 

at the end of Year 2 the utility has S26,B8 + 525 ~ $5.91 = S57.79 Of 

equity investment. Continuing the calculations, the following table is 

produced; 

Year 1 

Equity spent 25.00 

A£UDC, equ i ty  po r t i ov  1.88 

Year-end equity invest- 

~ent 26.88 

A slnilar effort produces tke tzbc. for debt: 

2 3 & 

25,00 25.00 25,00 

5,91 i0.5~ 15.88 

5-.79 93.33 13&.21 

Year i 2 3 t. 

Debt spe,~t 75.00 "5.00 75.00 75.00 

k~DC. debt -ortion 3.-5 11.63 20.29 29.82 

Year-end debt invest- 

,~ent 78.75 165.C8 260.6- 365.49 
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Comblning the debt and equity tables produces a project table: 

Year 

Project spending 

AFUDC 

Year-end pro~ ec~ 

~nves tment 

1 2 3 4 

100.00 i00.00 100.00 100.00 

5.63 17.54 30.83 45.70 

105.63 223.17 354.00 499.70 

Thus, at plant start-up, the initial rate 5ase i~ $499.70, comprised of 

$134.2! of equity, and $365.49 of debt. The $495.70 is $400.00 of actual 

spending on fixed capital, and $99.70 of AFUDC to cover the financing costs. 

The second manner of calculating The initial rate base Is called the 

surcharge methgd. The future customers for the product of the gasification 

plant pay the interest on debt and return to equity when they occur during 

the construction period. ~na initial rate base is thus equal to the actual 

capital expenditures. For an example, the spending pattern, the~fractions 
! 

Of debt and equity, and the interest rate and return on equity from the 

previous example will be used. During the first yr~r of construction, an 

average of 1/2 x $25.00 = $12,50 of equity is Inve~ted. The return on the 

average equity is .15 x 12.50 = 1.88. The future customers also pay the 

income ta~ associated with the $1.88 of after-tax earnings. If the tax 

rate is 50~, th~ taxes paid are also $1.88, and the total payment is $3.76. 

This is the ~qulty portion of the surcharge for Year I. The average equity 

investment in Year 2 is 25.00 + 1/2 • 25.00 = 37.50, and the allowed return 

is .15 x 37.50 ~ 5.63. The total payment, including taxes, is $11.26. 

Completing t~ese calculations for the equity spending, and performing 

similar calculations for debt spending, produces the following ~ables: 

Year 1 2 3 4 

Equity spent 25.00 25.00 25.00 25.00 

Surcharge, equ i t y  

portion 3.76 11.26 18.76 26.26 

Year-end equity 

investment 25.00 50.00 75.00 I00.00 
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Year 1 2 3 4 

Debt spent 75.00 75.00 75.00 75.00 

Surcharge, debt portion 3,75 11.25 18.75 26.25 

Year-end debt investment 75.00 150.00 225.00 300.00 

Year 1 2 3 4 

Project spending i00.00 i00.00 i00.00 i00.00 

Surcharge 7.51 22.51 37.51 52.51 

Year-end projee~ investment 100.00 200.00 300.00 400.00 

Thus, at plant start-up, the Inltlal rate base is $400.00, equal to the 

fixed capital spending. The $400.00 as split into $I00.00 of equity and 

$300.00 of debt. The gas consumers have made payments of 7.51 + 22.51 + 

37.51 + 52.51 = 120.04 during the construction period to pay the financing 

charges. 

The method of determining the rate base influences the magnitude and 

timing of the customer payments. The AFUDC method postpones all of the 

payments until gas production begins. The surcharge method reduces the 

product price, by having customers make the financing payments before plant 

start-up. 

The other capital-related costs are taxes, depreciation, and return on 

working capital. The consumers of the 8as pay nhe utility's tax on income. 

The tax is related to the regulated income after tax. Consider the following 

accounting identities: 

(Profit before tax) - Tax = Profit after tax 

(Profit before tax) - (Profit before tax) (Tax rate) = 

Profit after tax 

(Profit before tax) x (i - Tax rate) = Profit after tax 

Profit he~ore tax = (Profit after tax) ÷ (i - Tax rate) 

But, 

So, 

Profit b e f o r e  tax = (Profit after tax) + Tax 

(Profit after tax) + Tax = (Profit after tax) + ( 1  - Tax rate).  
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Expressed in cormnon terms, to take into account the income taxes that the 

customers pay, di%~Ide the regulated dollar amount :of return on equity by 

one minus the tax rate. This makes sense if a 50% tax rate is considered. 

if the utility is allowed to earn $100 after taxes on its equity by the 

regulators, then it needs $100 "to pay the Income tax. Thus: 

After tax income + Taxes = I00 (1 - .5) = $200 

Depreciation is figured using a straight line method over the remaining 

life of the plant. Working capital, as defined by the Federal Power" 

Commission, is one eighth of the yearly operating and malntenan=e expense. 

Debt and equity are invested in working capital. 

BY-PRODUCT CREDITS AND OTHER COSTS 

The next category of costs is called By-Product Credits. A coal 

gasification plant produces a wide variety of products other than synthetic 

high Btu gas. These by-products include such =tings as coal fines, tars, 

naphtha, phenols, and mlm~onla, all of which are potentially salable. The 

proceeds from these sales are used to Leduue the revenue that the gas 

customers are required to furnish. 

The other category of costs consists mainly of investment tax credit 

(~TC) passthrough, which is discussed in detail later in this section. Tax 

laws currently allow =he u=illty to reduce its income taxes if it makes 

certain capital investments. Some regulatory agencies require the util'fty 

to pass such reduced taxes through to gas consumers in the form of lower 

prices. The regulatory agency specifies a period over which the ITC is 

passed on to the consumers. The to~al ITC is divided by the passthrough 

period, and the resulting amount is subtracted from the required revenue. 

For example, if the ITC was $i00, and the passthrough period is four years, 

$25 is subtracted from nustomer-supplled revenue for the first four years 

of the plant's production. 

The above discussion lists the elements that make up the c o s t  of 

service. 

KASE CASE 

The financial model has been designed t o  implement all of the assump- 

tions described in the last subsection. A capital spending pattern over 
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~ I  time is input. Either AFUDC or surcharge can be used to calculate the 

rate base. After start-up of the facility, capital spending can increase 

this rate base. To demonstrate the results of the f~nancial" calculations, 

I consider the following example. It is called the base case; and, although 
I ' 

it doe____~s no_._~t represent any particular proposal, it is representative of 
! 

what might he expected for a gasification plant given our presen~ state of 
i 

information. The major assumptions that define the base case are listed 
I 

in Table 4.2. 

Figure 4 ii shows the trajectory of gas prices plotted against the 

i year o f  plant operation. They are listed in Table 4.3. The average gas 
! 

i price is $4.13/Mcf. Several ~rends are noticeable. The first year's gas 
I 

price is very high ($7.83./Mcf). This is caused by the stream factor of 

i 50%, which reduces the gas production that must pay essentially all of the 

COSTS associated with the facility when it is running at a full stream 

factor of 90%. Similarly, the second year price is high because of ~ts 

stream factor of 80%. After the full stream factor is reached in Year 3, 

the price starts to decline. This is caused by the decreasing rate base, 

as the yearly depreciation pays hack the initial investment. The rate of 

price decline is slow at first, as debt, which has a charge cf 9?. per year, 

is repaid. In the later years (after Year 19), the decline in gas price 

is greater. Equity is being repaid. It earns 15% per year, and also 

provides the pretax income that generates the income taxes that the customers 

pay. 

Consider the fifth year of the operation. The equity in'~estment is 

$347M, and the 15% return on it is $52M. The debt outstanding is $749M, 

and the 9% interest on this debt is a charge of $67M. The return on 

equity and interest increase to $53M and $69M when the working capital 

charges are included. Thus, it ~s possible to calculate the cost of service: 

O&M cost $170 

Interest on debt 69 

Return on equity 53 

Taxes on income 56 

Depreciation 52 

i.¢ 

ii 
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Fixed Plant Capital 

Fixed Capital Spending Pattern 

Year -4 

II0 

$I,I00 

[ -3 -2 -i 1 2 

220 440 220 55 55 
. 

Plant start-up 

Yearly Operating Cost at Full Stream Factor 

Yearly By-Product Credit at Full Stream Factor. 

Coal 

C~st 

Heating Value 

Plant Operating Life 

Plant Name Plate Capacity. 
• ,,.'" 

Stream Factor 

Year 1 

Year 2 

Year 3-25 

Financial Parameters 

Equity Fraction 

Debt Fraction 

~ntarest on Debt 

Eeturn on Equity 

No ITC Pass through 

No Surcharge 

Tax Rate on Income'• 

Federal 

State 

Total 

Base Case Assumpt!ous 

Table 4~..2 

M 

$170M 

$ ...20M :" 

$ 7/ton 

' 8,500 Btu/ib. 

25 years 

250 million Scf/stream day 

50% 

80% 

907. 

25% 

75Z 

9Z 

15% 

48% 

4Z 

52?. 
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GAS PRICE 

YEAR 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
24 
25 
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PRICE 

7,83 
5,19 
4.74 
4.68 
4,63 
~,57 
4.51 
4,46 
4,40 

:,' 4.34 
4.28 
4.23 
4.17 
4.11 
4,05 

~ 4,00 
4.94 
3,88 
3,83 
3.68 
4.48 
3.28 
3.08 
2,88 
2,68 

AVERAGE 

;..:". ; 

PRICE - 4.13 
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B y - p r o d u c t  c r e d i t s '  

S__.M 
(20) 

Total $380 

The gas production during Year 5 is: 

250 million Scf/day x 365 days/year x 90% stream factor = 82.125 million Mcf. 

The gas price in Year 5 is: 

$380M/82.125 million Mcf = $4.63/Mcf 

This figure Can be verified in Table 4.3. 

The changes in debt and equity over time are listed in Table 4.4. 
2: 

Several points merit discussion. At~plant start-up, $990 has been expended 

on fixed capital. Excluding AFuDC~Ifi2$~i:~f the fixed investment is debt, 

and $247.5M is equity. However, the first year's debt and equity are 

$864.0M and $317.5M respectively. The increases of $121.5M for debt and 

$70.0M for equity represent the AFUDC. Notice that equity increases for 

two years after start-up, reflecting the capital expenditures made in the 

first two years of plant operation. Debt is reduced in the early years of 

plant life, until all debt is repaid by Year 20. Then equity is re~ced 

by the yearly depreciation charged to the customers. 

SENSITIVITY ANALYSIS 

: Figure 4.11 describes the price of the output of the base case plant 

over time. It is important to understand how sensitive the behavior of 

the price is to changes in the base case assumptions. Previous discussion 

covered surcharge and ITC passthroush. Both of these features reduce the 

gas price over time. A surcharge results in a lower rate base in the year 

of plant start-up, and thus there is lower interest on debt, return on 

equity, depreciation, and taxes on Income. Passing ITC through also re- 

duces the cost of service, producln 8 a lower gas price. The price is reduced 

over the passthrough period. 

Table 4.5 shows four gas price trajectories, which are plotted in 

Figure 4.12. The four price tracks correspond to the four possible ways 

of combining the presence or absence of a surcharge with the presence or 
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absence o f  the passthrough of ITC. It is identical t o  t h e  plot in F i g u r e  

4.11. Trajectory 2 assumes that there is no surcharge, but that XTC is 

passed through to the custdmers over a ~our-yenr period. Nbt~ce that this 

set of gas prices is lower khan Case I durln8 the first four years of plant 

operation, when ITC passuhrough is reducing the cost of service. From 

Year 5 to the end of operations, the price track is identical for Cases I 

and 2. Trajectory 3 shows the effect of a surcharge during construction- 

Consumers have made the following surcharge payments: 
-4 -3 -2 -l 

Year 
Equity surcharge, SH 2.6 10.7 27.6 ~5.0 

Debt surcharge, SM 4.7 19.2 49~6 81.I 

Total surcharge, SM 7.3 29.9 77.2 126.1 

The total paid over the construction period is $2&O.bH. Because the con- 

sumers have paid t h e  financing charges before plant start-uP, nhe initial 

rate base is $990M, instead of the $I181.5M initial rate base for Price 

Trajectory i~ Because of the reduced rate base throughout the project life, 

the ~as price is always lower than in Case I. The final pri~e track, 

Number 4, shows the combined effects of a surcharge end a passthrough of ITC. 

The price track is below the first two and the relationship between Tra-': 

~ectories 3 and 4 duplicates that of Trajectories 1 and 2, which was dis- 

cussed above. 
The sensitivity of the avers8 e gas price to o~her model assumptions is 

summarized in Table 4.6. Coal cost is a significant part of the O&M charge, 

and a reasonable variation in the price per ton causes a significant change 

in average gas price. The finance charges, return on equity, and interest on 

debt also strongly influence the price. If maintenance difficulties are 

encountered, in,teasing the maintenance required from two to eight percent 

of capital, the gas price increases greatly. A more durable facility, ex- 

pressed as a longer plant llfe, decreases the average price somewhat. 

a cost overrun o~ 20% increases the average about one eighth. 

~B RBTb-RN ON EQUI~ ~OR TRE U~L~_ 

- -  The regulatory agencies allow the utility a percentage after tax 

re=urn on their equity investment. This determines a component of the cost 

: of service. ~owaver, the cash flows to the equity investment can be such 
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RATE BASE 

.' ( :  

YEAR EQUITY 

1 317 
2 332 
3 347 
4 347" 
5 347 
6 347 
7 347 
8 347 
9 347 
I0 347 
Ii 347 
12 347 
13 347 
14 347 
15 347 
16 347 
17 347 
18 347 
19 347 
2D 313 
21 261 
22 209 
23 157 
24 104 
25 52 

Table 4.4 
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DEBT 

864 
860 
853 
801 
749 
697 
644 
592 
540 

~.488 
436 
384 
331 
279 
227 
175 
123 
70 
18 
0 
0 
O 
O 
0 
O 

RATE BASE 

1182 
1192 
1200 
1148 
1096 
lO44 
991 
939 
887 
835 
783 
731 
678 
626 
574 
522 
470 
417 
365 
313 
261 
209 
157 
i04 
52 
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YEAR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

NO SURCHARGE 
NO PASSTHROUGB 

I 

GAS PRICES 

NO SURCHARGE 
PASSTHROUGH 

7,83 7.23 
5,19 4.82 
4,74 4,41 
4.68 4,35 
4.63 4.63 
4.57 4.57 
4.51 4.12 
4.46 4.46 
l! 40 4,40 
4.34 : 4,34 
4,28 4,28 
4,23 4,23 
4,17 4,17 
4,11 4.11 
4,05 4,O5 
4,00 4,00 
3,94 3,94 
3,88 3,88 
3,83 3,83 
3.68 3,68 
3,48 3.48 
3,28 3.28 
3,08 3.08 
2.88 2.88 
2,68 2,58 

Table ~.5 
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SURCHARGE 
NO PASSTHROUGH 

6.95 
4.65 
4,27 
4,22 
4,17 
4,12 
4.07 
4.02 
3.97 
3.92 
3,87 
3.83 
3,78 
3,73 
3.68 
3.63 
3,58 
3.53 
3,49 
3.41 
3,24 
3,07 
2.90 
2,73 

; 2.56 

SURCHARGE 
PASSTHROUGH 

6,34 
4.27 
3.93 
3.88 

4.17 
4.12 
4,07 
4.02 
3.97 
3,92 
3,87 
3.83 
3,78 
3,73 
3,68 
3,63 
3,58 
3.53 
3.49 
3,41 
3.24 
3.07 
2.90 
2.73 
2.56 
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5 

Figuc~ 4.~2~ p=..ice'l'~a~ecCo=ies 

l HO SURCHARBE, NO ITC PASSTHROUGH 

Z NO SURCHARGE, ITC PASSTHROUGH 

3 SURCHARGE, NO ITC PASSTHROU~ 

4 SURCHAR~, ITC PASSTHR~U~ 

I 

l Z 3 4 5 6 7 8 9 I D l l l Z  1 3 1 4 1 5 1 6 1 7  18192021  2 2 2 3 2 4 2 5  
TI~E (years) 
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that the return to equity can differ from the return allowed by regu- 

lators. The financial model has the ability to solve for the return 

to equity for the utility. In formal terms, the return to..@qu£ty is 
"-..%. 

the internal rate of return of the equity cash flows. Staced'differently, 
k. 

it is the discount rate that makes the discounted value of the c~sh flows 

to equity equal to zero. 

The cash flow ~0 equity can he thought of as consisting of four 

components. They are listed at the top of Table 4.7. Th~ equity column 

represents equity investment for fixed capital (neBative in the early 

project's years), and return on ~hc equity investment by the depreciation 

flows (positive in the later years of the project). The second component 

represents the cash flow required to support  the equity portion of the 

working capital. It is negative when production is building up, and p o s i -  

t i v e  when the plant shuts down. The profit column represents the after-tax 

profits resu]tlng from the return on equity allowed by the regulatory agency. 

The ITC component lists the special ~ax cash flow, and will be discussed at 

length below. The cash flow column represents the yearly cash flow to 

equity; it is the sum of the first four columns. The cumulative cash flow 

represents the year-end net equity cash outflow (negative)or inflows 

(positive) for the project. 

Table 4.7 is the detailed cash flow associated with the base case. 

The equity column shows the fixed capital investments made durlng con- 

struction, and return on the equity in the last years of the project. The 

column sum is a p0si£ive $69M. This results from the fact thah AFUDC in- 

creases the equity that is placed on the utility's books above the actual 

cash flows. The payback of equity by depreciation flows covers both ~he 

equity portion of the actual cash flow, and the AFUDC. The working capital 

portion of the cash flow is small, being negative during plant start-up, 

and positive when operations termlnate. 

The profit cash flows start ~n the first year of the plant's operation. 

They increase for the first three years, the increased equity investment 

reflectlng the continued fixed investment made after start-up. (The actual 
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OTHER PRICE SENSITIVITIES 

BASE CASE 

COAL PRICE + 50% 
$7--'$10,50/TON 

AVERAGE GAS PRICE 

$4,13 

4,44 

HIGH FINANCIAL CHARGES 
ROE: 15%-'-*18% 
INTEREST: 9%---~11% 

HIGHER MAINTENANCE COST 
PERCENT OF CAPITAL: 2%--'8% 

INCREASED PLANT LIFE 

25--30 YEARS. 

INCREASED CAPITAL COST 
+20% 

4,56 

4.96 

4,00 

4.63 

~able 4,6 
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IYFAR 
-4 
-3 
-2 
- i  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 
13 
14 
15 
15 
17 
18 
19 
20 
21 
22 
23 
24 
25 

•..L~'- :- 

EQUITY 
INVEST, 

-28 

-55 

-i10 

-55 

-15 

-15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

'" 0", " t 

O> 

' "•: 0 '., 

"0 

0 

34 

53 

52 

52 

52 

52 

52 

WORKTNB CAPITAl 

0 

0 

0 

-4 

- i  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

'0 

0 

0 

0 

5 

BASE CASE 
CASE 1 

PROFIT ]TC. 

0 0 

0 0 

0 o 

0 0 

4B 0 

51 0 

53 0 

53 0 

53. 0 

53 0 

: 53 0 

53 .0 

53 0 

53 0 

s.~ o 
53 ~' . 0 

53 0 

53 0 

53 0 

53 0 

53 0 

53 0 

53 0 

4B 0 

40 0 

32 0 

24 0 

16 0 

9 0 

Table 4.7 

CASH FLOW 
TD EQUITY 

-28 

-55 

-Ii0 

-59 

33 

36 

53- 

53 

53 

53 

53 

53 
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amount of e q u i t y  can be found in Table 4 . 4 . )  The profit is $53M from 

Year 3 to Year 19 because ~he equity account is unaltered, l~t Year 20, 

the depreciation flows are reducing the equity investment, and the regu- 

lated return on equity is being applied to a smaller equity base. ITC 

is not considered in this case, so the ITC column is all zeros. The cash 

flow column shows a typical projec~ picture: negative cash flows during 

construction produce an asset that provides posltiCe cash flows over the asset's 

operatlng llfe. The cumulative cash flow shows that the utility has risked 

a maximum amount of equity, $262M, at the end of the construction period, 

that the cumulative cash flow becomes positive in the sixth year of plant 

operation, and that the project will produce a total positive cash flow of 

$2,236H over its lifetime. The return on equity was calculated to be 

15.9%, close to the 15% regulated return assumed. 
1 

INVESTMENT TAX CREDIT 

Since the investment tax credit (ITC) may have a large Impact on bo th  

gas price and the return to equity, it is important ~ o  discuss it in some 

detail. The !TC was instituted to encourage investment. Certain classes 

of capital expenditures are allowed to generate tax credits. The qualifying 

amount of investment dollars are multiplied by the ITC rate (a percentage), 

with the resulting dollar figure used to reduce income taxes. If a company 

spends $100 on qualified investments, and the ITC rate is 10%, then company 

income taxes will be reduced by $I0. There are two necessary qualifiers. 

First~ the company must have sufficient tax liability to benefit from the .L 

tax credit. If the above utility were required to pay $5 of income tax, 

$5 of the ITC could be used Ko reduce the taxes to zero. However, depending 

on the state of ITC legislation at the time the gasification plants are 

built, there may Be statutory limits on how much taxes can Be reduced. In 

particular, it might not be possible to reduce taxes in any year to zero. 

Such limits might affect the cases dealing with project taxes (Case 7, for 

ekample), But they will not affect the overall conclusions about the effects 

of ITC. 

ITC tax credits nut used in a certain year can be carried forward to 

reduce tax payments in future years, subject to certain limitations. Com- 

panies that anticipate that they can never utilize all of the ITC for tax 

This model ignores accelerated depreciation for income tax purposes 
which, we have found in suhseque,t studies, can have a significant 
effect on returns to equity. 
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relief can enter into complex finan=ial arrangements to pass the ITC 

on to a party that can use it. 

The second qualifier on the use of ITC credits pertains to when the 

ZTC on multi-year capital projects becomes available to the company. It 

is easiest to illustrate this facet with an example. Assume that the 

company has a five-year construction period, starting in 1976 and spending 

$i00 every year. The ITC generated each year is $i0. The timing of its 

availabillry is summarized in the following table: 

Year 1976 1977 1978 1979 1980 

Capital spandlng i00.00 i00.00 i00.00 I00.00 ID0.00 

ITC generated i0.00 I0.00 10.00 I0.00 i0.00 

{~. 

• " '.. , 

2 

ITC available from 
Year 1 spending 

ITC available from 
Year 2 spending 

!TC available from 
Year 3 spending 

ITC available from 
Year 4 spending 

ITC available from 
Year 5 spending 

2.00 2.00 2.00 2.00 2.00 

4.00 2,00 2.00 2.00 

- 6.00 2.00 2.00 

_ - 8.00 2 . 0 0  

_ - i0.00 

Total ITC available 
2.00 6,00 I0.00 14.00 18.00 

By year 

Current tax legislation~lll allow quicker availability of ~TC, with immedi- 

ate availability possible in the time frame of coal gasification plant con- 

struction, Tf construction started in 1980, ITCwill be available in the 

year it was generated, The following ITC picture would resul~ from the 

above c6nstruction spending schedule: 

Year 1 2 3 4 5 

ITC available by year I0.00 10.00 10.00 i0,00 10.00 
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Table 4.8 contains the detailed'cash flows associated with a coal 

gasification venture with ITC .taken as soon as it is available. The gas 

plants will be o~led by subsidiaries of the parent company utilities; thus 

the early use of ITC would require that it be  applied against the parent 

company income taxes. The first three cash flow components are identical 

to Case 1 contained in Table 4.7. The ITC column represents the taxes 

that would be saved by the parent company; these credits reduce tax pai~, 

and thus show up as a positive cash flow on the project accounts. The 

Cash Flow and Cumulanive Cash Plow columns change correspondingly. Notice 

that the maximum equity exposure is $15~ at plau~ start-up, versus the 

previous $252M where no investment tax credits were considered. The 

return to equity is Z3,0%. 

It is possible that a parent company would not have sufficient income 

tax liability to utilize the ITC genezated by a coal gasificltion venture. 

Thus Case 3, shown in Table 4.9, was compiled. It is assumed that all 

reduced tax benefits are used against the coal gasification project's tax 

bill. Notice that the positive cash "flows associated with the ITC column 

do not start until the plant starts operating, and producing profits that 

can be taxed. The amount of ITC is the same for Cases 2 and 3, but because 

the Case 3 credits are taken later in the project llfe, the return to equity 

is 20.1%, compared with the 23.0% associated with early ITC use. 

Case 4 is shown in Table 4.10, and shows the effec~ of a surcharge 

during construction. The initial years of the equity investment cash flows 

are familiar, with the same pattern of spending to suppor~ the constructlon 

schedule, However, the last few years of this column show reduced inflows. 

Because the consumers were charged a surcharge during construction, there 

is no AFUDC added to actual equity investment spending, so depreciation 

flows must pay back a smaller sum. In fact, the sum of this column is zero. 

The working capital is identical to other cases. The profit component has 

changed significantly. Positive cash flows start during the construction 

period, reflecting the equity portion of the surcharge. However, less 

equity is built up. In Case i, equity at plant start-up is $317.5M, while 

the surcharge has reduced the figure to .25 x 990 = $247.5M, Thus, the 
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CASE 2 

ITC OH PARENT COMPANY TAXES 

EQUITY 

-28 

-55 

-Ii0 

-55 

-15 

-15 

0 

0 

0 

0 

0 

0 

O. 

0 

0 
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0 
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0 

0 

"0 

0 

34 

53 

52 

52 
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52 

52 

0 

,0 

0 

-4 
- 1  

0 

0 

0 

O 

0 

0 
0 

0 
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0 
0 

0 : 

"0' 

O 

0 

0 

0 
0 
0 

6 
o 

0 
o 
5 

o31 6 14 

o 41 

0 41 

48 6 
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53 O' 
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53 O 
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5'3 o 

53 o 

53 o 
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48 0 
40 0 

32 0 

24 0 

16 0 
9 0 
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..~... s3 

53 

53 

53 

53 

53 

53 

53 
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87 
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92 

i 84 .< 
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85 
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296 
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profit is reduced during plant operation -- $42M versus $53M. The ITC 

column contains zeros, reflecting the fact that no inves~m~n~ tax credit 

effects have been considered. The return to equity is 16.1% for this case. 

Case 5 reflects the effect of ITC on the previous case. l u is 

detailed in Table 4.11. The cash flows are identical save in the ITC 

column. The tax reduction is assumed to be taken as soon as it is avail- 

able. (The surcharge provides early year project t a x e s  ti~t could be 

reduced, so no ,'proJeattax reduction" case is appropriate-) Two main 

differences appear. First, the return tO equity has increased t o  26.1%- 

Second, the maximum equity exposure is reduced from $188M in the pre~ious 

case to $i04M in this case. 
Next, ITC passuhroughwill be discussed. I t  is assumed that the 

regulatory agency requires that ITC tax savings be used to reduce the cost 

of service, and lower gas prices. The ITC is assumed to he passed =o the 

~onsumers over a four-y~ar period, as in previous discussion- Case 6 in 

Table 4.12 shows the cash £1ows. The only change from Case 2 is ~he 

negative cash flows in ~ears 1 to 4. This represents the passthrough of 

ITC to reduce customer charges. The $22M ~igure in Years 1 and 2 represents 

the net outflo~ resulting from ITC passback of $28M, and the $6M of ~TC 

gained from first and second year fixed investment spending. The rate of 

return on equity is 18.2%. A similar exercise applies the ITC to project 

taxes in Case 7 shown in Table 4.15. The ITC positive flows arc delayed 

until plant start-uP. The return onequity is 16.~%- 
Finally, it is possible to combine the effects of a surcharge and 

~TC passthrough. This is captured in Case 8 on Table 4.1&. The eqaity 

and profit columns represent the effect of the surcharge during construction, 

while the ITC column represents the effect of ITC used against 9aren~ company 

taxes, and r~paid over the first £our years of plant operation. The return 

to equity is calculated as 19.3%. 
The previous discussion has covered many cases. A summary of the 

rates of return to equity is given in T~ule ~.i5. Where there is no rate 

of return entered, the case has no relevance- 

"H 
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Previous mention was made of fu ture  changes in the tax laws that 

would allow immediate availability of XTC. This law would" allow faster 

tax reduction for cases where ZTC was used to reduce parent company 

taxes. These cash flows have been developed, called Cases 2A, hA, 6A, 

and 8A, and are listed in Tables 4.16, 4,17, 4.18, and 4.19 respeeEively. 

The rates of return to equity increase moderately as a result of the faster 

writeoff, with the actual numbers and a comparison with the existln8 tax 

law results, llsted on Table 4.20. 

It is possible that 8overnment loan guarantees may provide a greater 

portion of the f.mds during construction~ To correspond to financing 

plans that have been discussed, the following case has hear. developed. 

The construction period is financed 90~ by dehn: and i0~ by equity. After 

the plant is operatln~ satisfactorialy, the 75% debt, 25% equity split is 

established by refinancing 15% of the investment from debt to equity. A 

surcharge is paid by customers during the ¢onstructlon period. The invest- 

ment tax credit would be applied against parent company taxes, using cur- 

rent tax laws. This case is shown in Table 4.21. The return to equity 

is 35.8~. The investment tax credit and surcharge are sufficient to make 

the cumulative cash flow positive at plant start-up. The reflnanein8 of 

debt in Year 1 causes the maximum exposure of $99M. A similar exercise 

can be performed using the future ITC tax legislation. Table ~.22 shows 

the results. The ITC and surcharg~ are sufficient toi~ake the cash flow 

positive during every year of the construction period. The only year of 

negative cash flow is the first year of operation, and again the maximum 

exposure is $99M. The return to equity is 54,0~. 

I~FLAT~ON 
Any analysis that considers outcomes that span a large number of 

years requires explicit consideration of inflation. A coal gasification 

venture has a time horizon of about thirty years, so that inflation can 

become an important factor, All previous d~.scussion about the financial 

model has neglected inflatlon to focus on the subjects at hand. 
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I.: 

To focus on inflation, let's make two de~initlons. Dollar flo~s are 

said to be in combatant dollars if they have not been inflated. It is 

necessary to provide a reference year for such dollars. For. example, GNP 

is often stated in 1958 dollars (19585), and coal gasification plant 

capltal costs are expressed in 1975 doliars (19755). A coal Basifier 

would be in 19755 if the 1975 price ~s used. If dollar flows are inflated, 

~ey are in current ~ollars- %f the gasifier is to be purchased in 1980, 

and there is inflation between !975 and 1980~ the price for the gasifier 

would be higher in 1980. This high er price would be the current dollar 

cost uf the piece of equipment. Assume that the gaslfler would cost $i00 

if purchased in 1975. Assume that inflation is f~ve percent between 1975 

and 1980. Then the price of the gaslfier in 1980 would be 100X (1-05) 5 

$127.63. The constant dollar price is $I00, in 1975 dollars. The current 
°. 

do).lar price would be $127.63 in 1980. 
Most energy studies are conducted using constant dollars. Thlshas 

the convenience of using prices that currently exist. Communication is 

also facilitated, because dollar quantities can be compared with conven- 

=ional frames of reference. (~or examplet~!f a coal gasification plant 

costs $1B in 1975, and if inflation is 5% per.annum, the plant would cost 

$2.08B in 1990. Thls figure is dlfficult for many people to understand 

or comprehend.) The curren= study, and previous studies usinB the SRI National 

Energy Model, work with prices in 1975 dollars. However, an importan= 

inflation correction is required for prlce-regulated industries. 

The ma~orlt'Y of the fixed capital investment is made by a utility 

in the early years o£ a project's life. These expenditures form the 

majority of the rate base. The 1975 dollar cost should be inflated to 

reflect current dollars. However, when the money is spent, the rate base 

does not continue to grow wlth inflation. Other e~penditures which o~cur 

on a yearly basis ~ill inflate over time. Thus, part of the cost of service 

increases wlth'Inflation (the yearly expenditures), and part can be con- 

sldered to be independent of inflation (the "capital charges"). Thus, if 

inflation is 5%, part of the cost of service inflates at 5~, and part a~ 

0%, resulting in an average inflation rate o~ about 3~. If the overall 
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inflation rate for the economy is also 5~, then the gas price will be 

decreasing relative to other prices. Thus, the 1975 dollar price should 

be less if inflation is considered. *~ 

The 1975 dollar costs and prices used in this report do not corres- 

pond dlrectlywith the conventional usage of the term. Most other studies 

neglect the Inflation effects altogether when calculating 1975 dollar numbers. 

These other studies take capital cost and operatlngcosts in 1975 dollars, 

allocate them over time, and discount them to yield the present vaiue cost 
in 1975 dollaTs. If the discount rates used by other studies are the same .. 

as ours, and if the constant dollar capital and operating costs are equal, 

the inflatloR/de£1ation method we use will result in lower costs in our 

report, 
Again, a detailed example will help in undz~andlng the issues. 

The example is based on  the base case of ~he previous suhsectlons. Assume 

that all previous base case numb#re are current 1975 dollars. Inflation 

is 5% per year." The seven categories o£ charges for cost of service will 

he discussed, for the fifth year of gas production. 

The operating and maintenance cost is $170M in 1975 dollars. The 

construction period is four years long, so that nine years of inflation 

must be factored in to produce the current dollar O&M cost in the £1f£h 

year of operation. The calculatlon yields 

(1.05) 9 ~ 170 - $26~R 

To calculate the interest, return ~o equity, and tax charges, it is 

necessary to look at the rate base. The following converts the capital 

spending from constant t o  current dollars: 

-& -3 -2 -1 1 2 
Year 
Spending, 1975 SM 110 220 ~40 220 55 55 

'.', 

-4 -3 -2 -I l 2 
Year 
Inflator 1.05 I.i0 1.16 1.22 1.28 1.34 

Spending, current $M 116 242 509 267 70 7~ 
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