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ABSTRACE

This report describes a framework developed for the ERDA Office of
Commercialization to be used for evalvating synthetie fuels commercialization
proposals. This volume descrites the applicacion of the framework to high
Btu coal gasification. A supﬁlementary volume will describe its application
ro oil shale processing propesals. Initially, commercialization and its
inreraction with other ERDA responsibilities sueh as research and”ﬂevelop-
ment is discusged. 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 enougﬁ to deternine the impacts
of other types of .programs. The methodology considers ewe types of impacts
of gasification propesals —— the short term effects caused by the first
commercial plant or plents and loag term national effects resulting from
the first plant construction. In both the short and 1oug'géfm; rhe economic,
technological, environmental, and soéiueconomic ourcomes of commerciaiization
are svaluated. By assigning tradeoffs to these outcomes, an averall value
or measute of desirability for each competing coal gasification proposal can
be developed. Since no commercialization program has yet been authorized,
there are no specific proposals to evaluate using the framewourk. However,
to provide general understanding of the important comtributors to the value
of a coal gasification commercialization program, a base case is defined
and evaluated. This base case uses current estimates of ecenomic, tech-
nical, social, and environmental factors and assumes that other factors
such as regulation and internaclonal relations will be generally fav&ééﬂle
to gasification. 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.
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. EXECUTIVE SUMMARY

. BACKGROUNT ; .

In addition to conducting basic energy research and development,

ERDA has been thartered with the responsibility of demonstrating the
commercial feasibility of energy-related technologies. Bacause R&D and
commercial demonstration are clu;ely interrelated, both must be con-
side}ed in order to analyze commerclalization. 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, nuelear reactions, solar flux, or geo-
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 techunical outcomes are actually imple-
mented, resultiné.;n new or cheaper energy forms to compete in the energy
market -~ by which we mean energy market in the broadest sense,?iﬁaluding,
for example, a "market® for air pollution. In fact, R&D pays bénefits
only if it changes Future decisions that would otherwise¢ be made diffeféntly.
Commercecial demenstration'of a technology is therefore an essen;}al step
for the benefiggjof RSD to be realized, although it is not clear whether
ir should be funded by government or industry. _

Coal gasification is 2 techmology that is a candidate for commercial
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, finaneial, and regulatory conditions do¢ not justify rorally
private initiatives in Lurgi commerecialization. In addition to the Lurgl
tachnology, a2 number of second generation technologles, offering perhaps
lower gas prices than Lurgl, are curreatly undergoing R&D. These tech-

nologies might also benefit from the commereialization of a Lurgl plant

ix "
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due to their varying degreeswofusimilarity with Lurgl. Fozr example, the
Lurpl $lant might teach ERDA and the gas industry about the chemistry

and physics of gasification in general, manazgement of gasification ﬁrOjécts,
project financing, and environmental and socineconomic impact mitigationm.
Such learning might expedite the introduction of 2 second generation
technology that was delivered to the marketplace by the R&D process.

FOCUS OF THE STUDY

ERDA's declsion as ho vﬁich commercial demonsrration bids to accept

can be viewed on two lavels:
1. First, selecting among competing bids for each
technology type;
2. Sccond, coordinating the acceptance of these

bids to achieve an optimum portfolic (mix) of

plants. '
At both 1evels. any analysis must take into account econonic, envirop-
‘men:al, soclial, and other considerations. This report focuses omn the
first level of decision. A comprehensive framework has been developed
to, evaluate alternative bids for gavernment assistance in commercial-
izing a synthetic fuels technnlagy. Thls volume of the report deals with
the' ncmmercialization of Lurgl coal gasificatlon plants. A subsequent
- volume will apply the framework to ail shale processing.
: To analyze this first level of decision requires: a finer level of
detail on the technologies than the secong level of decision. In moving
to the second decision, the coordination of bids smong different tech-
nologies, the level of decail developed for the first level of decision
will be more tham sufficient. Thus, we chose tD analyze the bid selection
decision among similar techknologies —- Lurgi versus Lurgi, shale versus
shale, and sa forth. Once a framewofk 1s developed for each technology,
the coordination problem will be rélatively simple.

Our framework considers the consequences of awarding government as-—

sistance to a company, resulting in the censtruetion of a full scale Lurgi
coal gasification plant (or perhaps the failure of the first plant).



fresently vwe assume the government acelstance takes the- form of a 1dan
guarantee, but the framework is flexible enough to consider other Lypes

of assistance. The model considers both the specific impscte of the fir;t
planE‘its 21f and the long run changes introduced by the demonstration
program. These long run effects result from the interaction of the first
Lurgl plant with second generation gasification technologies ds well as

~ all other fuel—producing technologles. Thus, the framework coﬁsiders
interfuel and intertecunulogy competition among all fuels and technologies.
Finally, the outcomes a%gocianed with each bid are traded off to allow
“consistegt comparison among bids. -

0

:

THE FRAMEWORK

To motivate the Framework, one must understand the sequence of decisioms
and uut:comes possible in the commercial demonstration process. This
gequence is best illustrated using the format of a decision tree., The
decisicn tree that vepresents the Lurgl plant commercialization decision
appears in Figure El. The simplest interpretation of the decision tree
is that it simply represents the chronology of the commercializatiom
process’as 1t unfolds. The square nedes indicate decision’ points, points
at which government decision makers can ¢hoose an alternative. The
eireylar nodes indicate outcome points, points at which governmemt decislon
makers cannct choose, but must accept an outcome.

We .will briefly walk through the tree to illustrate decision points,
cutcome points, the large number of players, and the dynamic nature of the
decision, Beginning on the left, ERDA first selects specific blds im Node 1.
In Nodes 2-4, the first plant outeomes and outcomes for the technology as
a whole are realized. In Node 5, foreign suppliers react ro the technologies
avallable in the U.S. In Node 6, the government regulators respond to the
:energy gltuarion that exists at that time. In Node 7, the private sector
existing at that time. In Node 8, industry ultimately decides whather or
not to build a coal gasification industry. 4&s menticned previously, changes
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in this deecision determine most of the bencfits of the commercial demon~
stration program. Finally, in Nodes 9 and 10, foreign and domestic energy
suppliers and' consumers respond to the prices and quantities of energy
availzable.

There are & large number of players involved in this process —-—
government regulators, the finanéial community, and the utility industry
are explicitly represented —- while a large number of agents are included
implieitly, such as in energy markets. In additien, the tree is dynamic
in that information which influences the costs and rewards to the various
players is revealed only after the decislions are committed vo. TFor
example, utilities must commit to capacity decisions in 1985 before the
enerpy market outcomes of 1995, and hence profitability, are knowm.

This decision tree can be used to evaluate Lurgi commercializatien
praposals if we can

1. Quantify the outcomes at all stages;

2. Encode probability distributicns for

all outcome points;

3. Trade off the possible outcomes.
Tn this study, we began by constructing a deterministic medel of the
commereialization process, i.e., with Step 1. We found in so doing that
the commercialization process was more complicated than anticipated. In
view of this complexity, and the fact that commercialization decisions are
not now imminent, we chose to build deterministic wodels for coal gasifi-
cation and shale commercialization. Even though the decision tree in
Figure El was not used to recommend a decislon, it nonecheless serves as
a useful “roadmap" for this amalysis. Using the groundwork laid in this
study, such a tree could be quickly constructed and used to recommend
policy. i

As discussed above, in order to uce the deciaion tr:e for evaluaring
bids, a deterministie structural model must ke built ro generate the out-
comes for each particular'path through the tree. This velume discusses
that model, vhich will be discussed in two parts. First, the impacts of
the first plant will be considered. Second, the effect of the first plant

xiii



on the long run outcomes will be discussed.
The first plant model is best discussed in terms of Figure E2. The
figure shows the six submodels that generate the first plant outcomes and

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

to support mining and gas production. The geal mine medel supplies the
feedstock to the gasification plant. It caleulates the expected number
of mininpg deaths, and the amount of land disrupted and reclaimed. The

mine envizonmental. emissions are alsc determined. The government cosk

model caleculates the administrative expenses of a commercialization program,

the tranafer payments saved due to increased employment, and the possible-

lost taxeé and loan default payments 1f the first plant is not successful.
The plant model relates the nameplate capacity of the plant, the

thermal efficiency of the plant, and the stream factor to calculate the
quantity of gas produced, Envirommental residuals are also determined.
The plant model explicitly considers learning. The hardware can be broken
into units, and a different rate of learning specified for each unir; this
reflects the fact that some porticns of a pasificarion facility are based
on conventional technology while other parts require the acquisition of
new skills that should exhlbir strong learning with experience.

The first plant financial model calculates the plant gate gas price.
These facilities will be controlled by regulated utilities, with the gas
sold in a regulated envirenment. Thus, the model is based upon the "cost
of service" pricing mechanismf‘ The financial model produces the gas price
trajectory under various regdiatory conditions. TFor example, the utility
might be required to pass tax savipngs from the investment tax credir on to
its customers. Or the customers might pay a suxcharge du;ing cdnstruction
to reduee the capital exposure. The effect of inflation on gas price is
explicitly considered. The model also caleulates the vash flow and hence
the return to equity for the utility, providing an indication of the
attractiveness of the project to utility lnvestors.

The local sociceconomic model describes the interactions that occur
when 2 large scale industrial facilirty is constructed and operated im a

Hu'r
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remote area. The model is dynamic, im that present actions influence
future outcomes. It is interactive, in that various portions of the local
community influence the actions of one another. -The_local'town is divided
into mectors including population, the housing market, the local economy,
the povernment revenue flows, and the social services provided. The

model calgulates the factors that influence the quality of life, such as
the possible shortage of housing and soelal infrastructure.

To consider the long run effects of a bid acceptance declsion,.the
analysis makes extensive use of the SRI National Energy Medel. Thié
model calculates the eguilibrium prices and quantities that equate supply

and demand for virtually all energy types. The model contains significant

regional detail for both end use consunption of energy and primary resource
production. The country is connecred by rransporcation links. Conversion

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

long run eccnomic benefits as manifested through price and quantity changes
is straightforward., For varyipg degrees of success and fallure of the
first commercial gasification plant, data inmputs to the energy model cam ba

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

submodel to track environmental emissions that ara consistent with the
energy supply/demand balance. This produces the leng run environmental
consequences of commerclalization. Increases in population in remote,
energy resource=tich areas are also calculated, providing the long run

socioeconomic impacts of a commercialization program. Both the shert and
long term outcomes must be evaluated on 2 consistent basis to determine

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

this task. By assigning judgmental tradeoffs among the various cutcomes,
an overall value or measure of desirability can be assigned to sach gasifi-

cation proposal.

Finally, it is important to realize that the evaluation framework
defines the structure of any request for commercialization proposals.
This relationship is spelled out in the last section of the report.

vl



SUMMARY OF BASE CASE RESULTS )
The detafled assumptions defining the base case are coritained in

the body of the report. To summarize the base case, we will relate ir

to the tree in Figure Bl. Given a decision at Fan 1 to accept a bid fer

a 250MM Scf/stream dry lurgi plant, we assume that the plant begins
operation in 1981 (an optimistic branch in Fan 2 of Figure E1). It pro-
duces gas at an averag2 price of $3,18/McE. We assume for Fans 3 and 4

that the program accelerates the Lurgi industry five years {from 1990 ro
1985) and all other coal gasificatfon based technologies (second generation.
hydrogen, methanol, low Btu pas) by chree years. In particular, the second
genaration gasffication industry is accelerated to 1989, which is a relatively
optimistic branch in Fan 4. In Fan 5, we assume high prices for imported
gas and oil, which Favocs the program. For Fams 6 and 7, we assume Favor-
able investment and regulatory conditions. Thus, in Fan B, the industry

is assumed o expand if it Is economically attractive to dd so ~~ that is,

if syathetic gas is price-competitive with other fuels. In Fan 9, we
assume continued high import prices and im Fan 10 faverable investment
conditions. The net result of our assvmptions is to create a rather
optimistic set of assumprions for accelerating coal gasification. Again,
wa emphasize that it is but a single scenaric ~-~ to recommend policy, con-
sideration of many more scenarlus and their likelihood of occurence would
be required. )

We will now summarize first the short run resslts and then che long
run tesults in the base case. The first Lurgi plant produces gas at an
average cost of $3.18 per Mcf. Since this price is in excess of prices for
competiﬁg‘gas over most of its life, the first plant has an economie cost
of about one half a billion dollars. The comstructien and operation of the
plant disrupts the local cemmunity, causing an increase in population and
shortages of social services and housing. The local environmental vresiduals
are not large. The cost to the federal government is minor.

I the lomng term, we assume that the first plant accelerates the

availability of copal gasification technology five years in the case of



lLurgl, and three years Ffor all other gasification technologies. This
produces a long run incresse in the amount of high Btu gas preduced from

coal, and reduces its price for a period of fifteen years., Thus, 2 long
run economic benefit in the range of cne billion dollars is produced.

The long run environmental 2nd sociceconomle impacts are nepative -— the
amounts of pollution and seciceconomic disruption in remote areas Increases.

Table El shows the evaluation of the base case outtomes as computed
by the social value model. Under the base case assumptions for coal gasi-
ficavion, the long run economic benefirs dominate. The net bepefir (benefit
minue cost)} of the program is $245 million. The wajer coscs of the program
are the firsc plant economic cost and the long run socioceconomie and environ-
mental impacts.

SUMMARY QF SENSITIVITY ANALYSIS

ase case assumptions are somewhat oprimisric, a number of

Since. e~

alternative cases must be generated, many of which would drive the net

beggfitﬂ negative. Any adverse chanpe in the long run fans of the decision
cree of %igure El would reduce the long run benefit. TFor example, if the
OPEC cattel collapsed, decreasing rhe cost of imported crude oil and LNG,
the gasification industry growth might be less and the long run economic
benefits would be reduced. Similarly, government regulators could deem
gasification pollution unacceptable and limit Imdustry growth and the
associated benefits. Any shortcoming in first plant performycsz would
increase the econotiic cost.

SUMMARY INSIGHTS

Based upon the results of our sensirivity analyses, we have pained
the following insights:

1. Economic effects dominate. The long run and first plant
econonic -2ffects are the two largest contributors to the
coar and benefits of a bid. The value n}.a bid acceptance
decision is strongly dependent upon the ability of a plant
ta accelerate gasification technoingy ewailabilitx at a
reduced price. ' :
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BASE CASE VALUE

§ Millions

Costs Benefits

First Plant

Economic ' 526
Environmental . ' 27
Socioeconomic 52
Long Run
Econoaic 1,100
Envirommental and Sociocececnomic 250
Total B35 1,100
Nat h 245
TABLE E-1

xix



2. Environmental costs ace not great in rhe short run, but
ha;ve more Impact in the longer term.
3. Sociceconomic costs are not large om a national basis.
However, rhey are large for the small number of .people who
have to bear rhem. Mitigation efﬁorts can reduce but not
eliminate these problems._
These insights are not sensitive to reasnnable changes in ap:,r oF the assump=

tiens or parameter values that we have used. : o



INTRODUCTION

* Assuming that a synthetic fueis bill similar to H.R. 12112, which
was narrewly defeated in the 94th Congress, passes in the reasonably near

future, the 0ffice of Commercialization of ERDA will soon be charged with
evaluating which of several synthetie fuel plant bids vo accept. In fact,

the fundamental decision facing the Office of Commercialization will be
vwhat set of bids to accept. The syntheric Fuels commercialization program
will be constructed from the set of bids received and will consist of a
mix of technologies, involving plants of Jdifferent sizes, based perhaps
on different processes, and at different locations.

In order te cobtain the optimal mix, size, and location of these plants,
we have developed a fremework for analyzing bjds for one technology —— hiph
Btu gas from coal. The framework is quitg teneral and will be adapred to
other technologies being considered in the proposed loan guarantee program.
This teport is intended to communicate the details of the cozl gasificatien
bid selection model. The model discussed in this report is deterministic,
neaning that uncertainty has been ineliided so far only through sensiTivity
analyeis. The coal gasification model 1s relatively detailed; irs purpose
is fdrst to interrelate all potentially important vuriables and then to
help us understand which are gctually important. Before preceeding with a
detailed description of our deterministic ftamewotk, ve will svmmarize the
goals of this study and which of those goals are addressed by out work thus
far.

%.1 GUAL OF THE STUDY
The O0ffice of Commercialization's deeision problem can be viewed on
two levels:
a. TFirst, selecting ameng bids from each technelopy type;
b. Second, coordimating the acceptance of these bids to achieve
an optimum portfolio (mix) of plants.
At both levels, any analysis must take into account economic, environmental,
social and cther pertinent considerations. This report focuses on the first

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



decision for bids based on the same techmology type -- high Btu gas from
coal. This methodology 1s the crirical building block for solving the
higher level dacisicn problem — selecting the optimum portfolio of plants,

as well as for focusing on the bid selection decision for the other teci-
nology types.. In fact, the framework we have developed for analyzing coal

gasification bids lends considerable insight te the process of commercial-

ization in general. FRCC T

In SRI's analysis in 1975 as' to whether to have a synthetic fuels
program and 1f so what size, it was not necessary to analyze economic,
technological, environmental, social, regulatory, or finanéial agpectrs of
each technology in great derail. Huwevér, in order to design an optimal
mix of plants from a set of bids, it is necessary to understand these
aspects for each proposed plant. Once we have the methodology to design
‘an optimal plant mix, we will be able as well to "redo” the original syn-
fuels amalysis on & techmology-by-technology basis.

Our focus so far has been on the production of high Btu gas from ceal
~for two reasons. First, coz) gasification appears ro be central to the
synﬁhetic fuels commercilalization program and implementation decisions
appgar more imminent. Second, as we have seem, it s necessary to under-
stand one technology in some dersil before moving ta other technologies.

The framewcrk we have devgioped for coal gasification represents a
signifigént broadening of perspective from the origiral synthetic fuels
task force analysis. In particular, a great deal of modeling work has been
incorporated ro understand socicecomomic and environmental outcomes at
nearer the level rhe SRT Energy Model allews us to understand economic
impacts. The framework 1t an integration of explicit short and long term

* economic
+ environmental
« socioeconomic

models.

1.2 OUTLINE OF THE REPORT

To put the cowmercialization program in ﬁerspective with respect to
ERDA's overall operations, we will briefly discuss the relationship between

2 -

.



commercialization and RED in the next section. Section 3 then outlines

the overall decision analysis model for the commercialization bid aceceprance
decision. The bulk of tha report 1s devoted to the coal.gasification
‘deterministic model. Finally, the information that bidders should provide

"ERDA ig listed in Section 5.



OVERVIEH OF COMMERCIALIZATION AND ITS RELATIONSHIP TO R&D

As chartered by the Congress in Public Law 93-438, ERDA has a
responsibility to suppert beth basic RED and the demenstration of commercial’
feagibility. 1In parficular, ERDA has responsibility for "encouraging and
copducting research and development, including demonstration

of commercial Feasibillity and practical applications of the extraction,
conversion, storage, transmiseion, and ueilizarion prhases related to the
develnpm;nt and use of energy from fossil, nuclear, solar, geothermal, and

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

between commergialization and RiD and to ensure that any potential commerciazl-
ization program is consisrent with ERPA's averail operations.
To bggih with, it is essential to think of commercizlization and R&D

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

delivery of a techaology to the energy market. This process o%lgelivering
a technology to the energy market invelves the interaction of a iarge number
of decision makers — thouse who alltcare R&D rescurces (e.g., ERD&L oil
companies); those who use RED resources and develop commercially feasible

technologles (engineers, physicists, chemists); those who decide whetﬁer to
implement those technologies te.g., private investors, financial commuﬁity,
utilities, oil companies, perhaps government); those outside the U.S. energy
system who caun affect it (e.g., OPEC); regulators fe.g., FPC, PUC's); those
who make public policy (e.g., Congress, executive branch, the ceurts); and .
finally, those who decide what energy forms to purchase (e.g., end users,
refinery operators). The costs and benefits of RED and commercialization
depend upon the interaction of all these decisioa makers and hence a robust
analytical structure must explicitly recognize each of the decision makers.
_ The analytical structure used in this study of commercializatien
explicitly recopnises its interrelatilonship with R&D. The structure can be
viewaed as in Figure 2.l. To place the commercialization decision into its
proper perspective, a detailed desceiption of Figure 2.1 will be given,
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Tha first set of decisions in the process of delivering =z technology
to the emergy market involve the "level of effort" devoted to that tech-
nology. In Figure 2.1, this decision is represented in the lower left hand
box and is called allocaticn of R&D resources, Such a decision might be to

spend $100 millisn/year on in situ coal gasification, $10 millicn/year on

- solar collector research, $350 miliigh for a CD, acceptor pilot plant, and
© to kill the breeder program. The set of decisions to allocate R&D resources
ic made by the government (e.g., ERDA) as well as private industries {(e.g.,
o1l company-sponscred development). These dacisions are quite complex,
involving many different technologles at different stages of development.
They have 2 strong effect on the characteristics and timing of each tech-
nology at each point in time.

Because 1t is5 easy to measure the cost of allocating R&D resources,
& nalve decision maker might conclude that R&D is "roo costly." A brief
axanple will {llustrate that the RiD process must be followed out to its
conclusion before such an assertion cen be made. The example shows that
such eriteria as "cost to guvernmeat" when used alone lead to ludictcus
conslusions. Consider two typotbatical R&D opticns, A and B. Option 4
costs $10 billion to pursue and returns $20 billion in benefits, giving a
net benefit af $10 billiom. Opticn B costs $10 million te pursue and returns
$100 million in benefits, giving a net benefit of $90 million. Which oprion
is more attractive? Certainly Option A is by far the more attractive,
yielding $10 billion in net benefits while Option B yields only $90 million.
Our naive decision mzker who evaluates R&D based orly on its cost would
conclude thzt Option A 18 too expensive énd Opition B is terter. To aveid
this erroneouéfconclusion, a framework used to analyze R&D decisions must
look well behond the allocation of R&D rescurces decision itself in order
to vnderstand the entire process of R&D -— in particular, the eventual
use of the results of RA&D.

Once R&D allocations have been made, research and technical develop-

ment work begins. Engineers, physicists, 'chemists, enviromnmental scientists,
gocial sclentists, and the 1ike utilize the resources available to them and



begin a complex process of basic research, bench scale experiwents, pilot
plant construction, demonstration plant construction, and so forck. This
process, which we have denoted in Figure 2.1 am the process of R&D, i=s, in .
an important sense, outside the control of those who allocated the R&D

resources, To 1llustrate, ERDA caannot '"decide" the results of the R&D
process; their only decision involves how much money to give te the develop-
ers of -each technology. That is, ERDA's control over the avolution of the
technologles comes through their resource allocation decisions, Figure 2.1
{1lustrates that the outcomes of the process of R&D are the techaical,

envirenmental, social, and angineering parameters at each point in tlme.
They are called the technical outcomess of R&D. The technlcal outcomes

include thermal efficiencies of processes, engineering design and capital
and operating costs of potential plants, necessary enviroumental control
haxdware, and so farth.

Once these technical outcomes of RED have been delivered to the energy
markat, the commercialization or implementation decision making process
begins. It is important to note that the technical outcomes of R&D are
not "hard and fast" numbers, but in fact are uncertain., The decision
makers who decide whether to commercialize the technoleogy will take this
uncertainty into account in their decision making process. The present
analysis focuses on the commercialization decisions that will be made regard-
ing synthetic fuels technologies whose stage of development is far enough
along that a commereial plant could be built. In this report, we are focusing
on high Btu gns.from coal, using the Lurgl technology with methanation, but
a subsequent report will cénsider shale oil processing.

The commercialization deeision in Figure 2.1 ig termed the Implementation

decision., The implementation decisione, whether or not to actually utilize
the technology in commercial projects, involve the same diverse set of
decision makers who were involved inm the R&D allocation decislon. We will
shortly describe a structure that allows us to understand the interrelation-
ships amung'these deciaion makers. As shown in Figure 2.1, sach of these
deeision makers will consider the technical outcomes of RED im their decisions.



0il companies and utilities will design plants and assess their profitability.
The government wili'éghsider the technical outcomes in deciding on subsidies,
price regulatrions, quotaé. or alleocation schemes. Foreign governments nay
monitor the technical outcomes of R&D in estzblishing prices for energy

imports. Lending institutions will project the likeliheod of success. in
the marketplace in establishing Interest rates and lending amounts. Thé
results of-the implemencatinn decisions determine what plants of all types
are in place and Yeady Lo compete with one ancther to satisfy customer
demands and what imported energy forms are avallable at what price.
Finally, afrer all implementation decisions have been made, the con-
sumers of energy deride which enexgy formB to purchase. These decisions
are represented by the box designated energy system in Figure 2.1. Energy
purchagsers recelva an economic benefit Erom R&D if prices to them drop as
a result of implementing the new technologies. Conversely, epergy pur-
' chasers receive no economlc benefit if prices do not drop. Assuminé the
nev technologles do decrease energy prices, the interrelationships amonyg
energy suppliers and purchasers will have readjusted as a result of rhe R&D
-and impiementation decisions. When environmental and social readjustments

in the system as a result of R&D and fmplementation arz’alse consideved,

one has the comprehensive set of enevgy system outcomes listed in Figure 2.1

which give rise to the benefits and costs of R&D and commercializatiom.

The energy system outcomes in Figure 2.1 are evaluated by the different
decision makers when they make their RE&D and implenentation decisions. '
Generally, different decision makers Focus om different outecomes. For
example, utilities will focus on the return they receive on their investment,
vhereas eavironmental advocates might focus selely on environmental outcomes.
Alternatively, we can introduce the notion of a social value by establishing
explicit tradeoffs on all of the energy system outcames, This is the value
thar ERDA would consider in making R&D or conmercialization decisions.

The decisions to allocate R&D resourcés and the commercialization
declsicns facing ERDA interact becauvse the benefits of R&D are not realized
until after implementation. But they interact in another important way as
well. At the time when the commerclalization decision 1s made, ERDA musat



decide whether to spend its money on commercial plants or to sperd it on
R&D for technolopies to be implemented later. That is, because of ERDA's
budget limitations, all R&D and commercialization cannot’ be funded simul-
taneously. Thus there is a resource limitation that rigs the allocation
of R&D resources decisions and the commercilalization together. To illustrate
this intercomnection, censider the sequence of decisions and outcomes in the
R&D sequence through which a technnlogy evolves. Figure 2.2 shows five stages:

1) Resources are made available to develop the technology;

2} Technical cutcomes of RED occur for the technolegy;

3) Decision makers cutside ERDA's control react;

4} Implementation decisions are made:- and

5} Martket outcomes are realized.
These five stages are self-explanatory and are consistent with the descrip-
tion of Figure 2.1.

Suppose now there are two technologles 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 'Cechnology 1T competes directly with the commercial-
ization decision for Techmclogy I. The decision facing ERDA at that time is
shown in Figure 2.3, Budpgat limitations could limit the altermatives availl—
able and change the costs and benefita from both Technologles I and II..

The framework to be described in the remainder of this report focuses
specifically on the commercializztion degisiuu, but cere has heen taken to
consider the interaction with RSD decisions as well. A more specific and
detailed discussion of where commercialization fits fnto the scheme of ERDA’'s
business is given in the section entitled Long Fun Economic Benefits: The

next section discusses the specific preblem sddressed in this study and future

sections discuss the model we hava developed to analyze that problem.
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DECISION ANALYSIS MODEL OF COMMERCIALIZATION .

In Figure 3.1 we have comstructed an outline of the decision problem
faced by ERDA Cffice of Commercializatien, The figure iilustrates the
interrelationships of the various aspects of the commercialization prob-
lem, particularly among the variocus decisiop making parties — ERDA,
government regulators, the fipmancial community, and the synthetic fuels
industry. We will briefly discuss the ratiomale for this outline.

ERDA interacts with the syntheric fuels industry by receiving a set
of bide and accepting come of them. For those bids that are accepted by
ERDA, commerclal demonstration plants are constructed, as represeated by
the "R&D, Commercialization" arrow in Figure 3.1. As a result of building
and operating these commercia) demonstratioan plants, the synthetic fuels
industry acquires new kmowledge regarding synthetic fuels processes. Such
knowledge might inelude improved plant design, measure for reducing capital
and operating costs, improved efficiency, or decreased environmental impact.
This learning, represented in the "Synfuels Technology” box in Figure 3.1,
will be discussed extensively for the coal gasification bid selection
decision in thils zeport. The synfuels technology model provides a con-
gsistent framework Ffor obtaining expert judgment on the various components
of each plant, and for synthesizing these judgments into a consistent
assessment of overall plant economics and learning. Although we have buil:
such z model only for coal gasification, the same approach can be used for
21l technologies.

As shewn in Figure 3.1, the syntherie fuels industry Interacts divectly
with the U.S. energy market through implementation of its techmologles. To

understand the complex and dynamic economic Interactions between synthetic
Fuels technologies and the rest of the soclety, we have integrated two models.
A short term model caleulates the impacts of the first plant and a long

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

long term effects throughout the society resulting from the first plant

12
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construction. . Both models consider the ecomomic,- including techmological.

environmental, and sociceconomic outcomes of conmercialization,

3.1 COMMERCIALIZATION - DECISION TREE

It is useful to "lay out" the key elements of the bid selection- ..
decision analysis in terms of the decision tree shown in Figure 3.2.

The tree serves as 2 medium of communication and helps to fecus on the
deeision at hand. The decision tree provides a framework for understanding
the decision process —- the sequence of decisions that are ontlined in
Figure 3.L. In additiom; it clearly indicates where uncertaiunty in problem
va-fables will be added to the detcrministic analysis outlined in the
folloﬁing section.

The leftmost fan of the tree represents the decision as to which bids
ERDA will acecept. Each bid will specify coal type, plant size, locatiom,
technolegy, financlal parameters, environmental impacts and social lmpacts.
The rest of the tree must be able to capture these distineiions. Onece a
bid 4s accepted, the plant will be ponstructed. Its technical amd economic
outcomes are uncertain and thus we have included the second fan in the tree.
After constructiocn and operation of the first plant, ERDA will learn ahout
the cost and performance of future plants based on either the first generation
technolopy itself, or perhaps even second generation technelogies. 1t appears
that learning about second generatiom rechnologies (Bigas, Hygas, co,
hccepter, Synthane) may be more imporiant than learning about first generation
technology (Lurgi with methanation) because sacond generation technologles
promise to be quite attractive if present estimates are accurate. The tree
in Tigure 3.2 considers this effect in Fans 3 and 4.

After the resolution of uncertainty regarding synfusls prieces, the U.S.
will face uncertainty on world emergy prices —— Fan 5. This fan will ailow
us to consider foreipn reaction, if any, to the outcomes of the program.

Kext, 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-
lowing these government decisions (made in about 1985), the domestic financial

14



3341 NOISID3d '€ 38N

Ansnpu|
URI-JUBLILITAO S

weibotg aGeiong hauajoija

ejonp Modsg 10y Gupaledp soed)| EIUAWYEIANY
spiepuElg -~.a503 {eide] -8 ‘sqapd pelapaky
|eog AmngeyEay Saedw (2305
naeduy {8208 spaepuels foedwy [EJUBMUOIALY  UORINPOIG ARssug Buraueu)y
syaedwy| fepuRuzoNAYY uonaeig {EbauID DT saedwy jejaog jupAadwy Afipjouyaay
1507 ofsequy S|y 1eg uonejnlay pieag Asualyg uogean
snjding sisRpoyy  Wodw] 9N ey Bupuenyy  533)3g Wodwi uDjiEUEIRBY 1507 Gunesedp ans Welg
sniding Sauinsuag pue 30 15 Apsgng  HEY PuR RO Bujssagnig 160) 1500 jends) edAl gee]
ajtuounag U N sapyondg

sawoanQ 29d tuosiaag uanaeay SUDISIAEQ EXITY AGojonyaay Afojowysay  saWcIIng &_._u__n

wey  Lodwy upjsaedxng |R12ueu)4 Ainyejnfiay o] vopelauay puDIg LMIRIANEY) 15114 Rl aoupydasay

q66L fEusnpy aenmg JlEpueuly ggEL  Inogy Bumueay jnoqy futiza’ FLITH| pig

juztilRANG Z861 9i61

15



institutions will respond. Since synthetic gas prices are quite semsitive
to financial Eﬁrameters, tha costs aqg'qgnefi:s of the program can change
substantially. ffan 7 allows us to consiéer this possibllity.

Next, ir Fan 8, the synthetics industry will decide whether to. invest

in synthetic gas plents for 1990 and beyond. This decision will obviously
depend on all that hés gone before — program outcomes, povernment degisions;
and world energy prices. Fimally, in Fans 9 and 10, the U.S. will Eage the
energy market outcomes -- prices, quantities, social outcomes, and environ-

mental cutcomes. At this point in time, the U.S. receives the major benefits

from commercialization.- .
Although the eventual decision wade by ERDA will vequirxe the analysis

of a decision tree like that in Figure 3.2, it would be premature to under—

take such a detalled analysis at this point. S5ince a commercialization program

has net yet been authorized, there are no firm proposals to provide the
parameter values and probability assessments inherent in Figure 3.2. Further-
more, such an evaluation presupposes some framework for evaluating the

consequences of traveling down and particeunlar sequence of branches in the
decision tree,

The foecus of this analysis is the development of the evaluétion frame-
work, not making predictions or establishing the value of a particular program
by evaluating a tree such as that in Figure 3.2. However, to provide insight
Inte the impartant determinants of a commercialization 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 curzent estimates for the teeh-
nical, economic, environmental, and social parameters associated with coal
gasification. These are based om currently available information and oux
conversations with industry and non-industry sources. They will be dis-
cussed in‘detail later in the report. Furthermore, the base case assumes
that ather factors affecting gasification such as rcgulations and foreign
developments are all generally favorable to gasification. .

To summarize the detailed assumpticns of the base case, we will relate

it to the tree 4f Figure El. Given a decision to accept a bid, we assume

16



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

Fan 2 of Figure E1). It produces gas at an 1verage price of $3.18/Mef.

We assume for Fans 3 and 4 that the propram accelerares the Lurgl induscry
five years (from 1990 to 1985) and all other coal gasificarion-based
technologies {(second generation, hydrogea, methamnol, lew Btu gas) by three
years. In particular, the second generation gasifieatign industry is
accelerated to 1989, which is a relatively optimistic branch in Fan 4,

In Fan 5, we assume high prices for imported gas and ©il, which favors

the program. TFor Fans 6 and 7, we assume favorable investment and regulatoery
conditions. Thus for Fan 8, the industry is assumed to expand if it is
economieally attractive te do so, that is, if synthetic gas ls competitive
with other fuels, In Fan 9, we assume continued high import prices and

in Fan 10, favorable investment conditions. The net result of our assump-
tions is to create a rather optimistic scenaric for accelerating coal gasi-
ficatlion. Again, we emphasize that it is but 2 single scenaric —— to )
recommend policy, conslderation of many more scenarios and theix L;kelihood
of ocrurence would be required. ‘

The base case is just that -—— a2 base to exercise the framework and
from which to determine the sensitivity of results to changes in various
parameters. The base case (and its results) do not constitute a prediction
of the most 1likely outcome of a coal gasificarion program, nor a statement

that an explicit consideration of the uncertainty indicated in Figure 3.2
can be avoided.
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DETERMINISTIC MODEL OF COAL GASIFICATION BID SELECTION DECISION

This section outlines the curreant development of our deterministic
model for the coal gasification decision. The aim of this model is to
capture at 2 simple but comprehensive level the variables that could po-
tentially 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 facters in the
model must be tresated probabilistically. Prebability distributions must
be assessed on all the latter factors before‘using the framework to evaluate
specific proposals.

Tn thinking sbout the implications of building gasification plants,
it 15 useful to distinguish two dimensieons:

1. Geographic, and

2. Time.
The important distinctions on the geographic dimension are the local area(s)
in which planks may be bullt, the demand region(s) in which gas is sold,
and the nation as a whole. We want to evaluate gasification decisions from
the nation's point of view, but we want to do this taking into account
different local and rTegilomal impacts. On the time scale, it is useful to
distinguish between the short term period vhen the first gasificacion plant
or. plents are being built end operated, and the long term extending out
inte the next Lifry 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 project. The regional and national
long term impacts are represented by interfacing the local model wich the
SRI Enerpy Model. We will discuss both in detail in this veport.

The outcomes of the two interacting models are expressed in quantities
1ike 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

13
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and the long term. These outcomes are output from the model near thé‘right-
hand side of Figure 4.1, These variables represent the quantities that
ERDA Office of Commercialization will be monitoring when making the com-
mercial plant selections.

In order to make a décis#uﬁ; 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 cutcomes shown in Figure 4.1. This is
the purpose of the social value model. The vutput of the soclal walue model
is then an overall measure of the desirability of a particular project or
set of projects.

The important local, short term interactions resulring from a decision
to commercialize a coal gasification plant is shown In Figure 4,2. This

figure can be thought of as a elogser look at the cnergy system and imple-

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
outcones.
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 &nhanced
version of the SRI National Energy Hodel used in this study:
1. Repional economic model '
2. National eccnonic model
3, Regional environmental model
4. Reglonal social model
When we have completed our discussfon of the local submodels, we will dis-
cuss how long run benefits of commercial demonstration from a nztional
perspective can he calculated using the SRI National Energy Model.
Finally, the social value model will be described by explaining how

each of the outcomes 1s currently evaluated. -

4.1.0 LOCAL MODEL
The local model is composed of six submodels:
1. 7Plant model
2. Financial model
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3. Socioeconomic model

4. Coal mine model

5. WHater model

€. Government cost model
The following subsection will describe each in detail. As each submodel
4s described, the base case assumptions defining that meodel will be
specified. TIn addition, any implications or tesults of thase assumptions
will be discussed. The base case assumptions and resulcs integrating both
the short and long term models-will then be summarized and reviewed in
Section 4.4.

4,1.1 PLANT MODEL

The focus of Figure 4.2 is the plant model, which is a simplified
representation ofF the gasification process outlined in Figure 4.3. From
a technological point of view, the greatest uncertalnty in the gasification
process is in the thermal efficiency of the gasifier. 1In facz, lg is cur-
rently believed that the thermal efficiency is sufficiently uncertain to
warrant its treatment in a prababilistic  sense when actual proposals are
evaiuated. Thus, the plant model calculates the overall thermal efficiency
of the plant as a function of the thermal efficiency of the gasifier. The
plant thermal e¢fficiency .can then be used to calculate the production from
the plant and the coal cost componemt 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 effieciency of the plant. If the thermal efficiency of
the plant £s higher than estimated during construction, gas production is
increased. Similarly, the quantity of gas produced can decreasg If the
thermal efficiency falls below that estimated., Curvently, actual plant pro—
duction is given by a simple ratio of the actual thermal efficiency divided
by the estimated thermal efficiency multiplied by the estimated plant pro-—
duction.

During production of the gas, some undesirable pollutants ave emitted
to the air and water, Currently, six air pollutants and three water pol-

lutants are accounted for in the model. These pollutants are each
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proportional to the ocurput of the plant. Air pollu:ant; considéred ave hydco-
carbons, NDx, SO#, particulates, aldehydes, and CO., Water pollutants con-
sidered are disselved solids, suspended solids and organics. The quantity
of each polluvant per unit of output, called an emission coefficient; is
entered as data. An emission coefficient For each pollutant is entered for
both the plant and the mine. In order vhat the thexmal efficiency of the
gasificarion process can be taken inte account, the emission per Btu for
the mine 1s divided by the thermal efficiency of the total plant. This
scales up the emissions fzrom coval mining to reflect the facts that esal is
used in the plant for process heat as well as to produce gas and that some
enexrgy is lost ia tﬁe process.
LEARNING

. " One of the potential benefirs of the syntheric fuels commercialization
prpgiam is the knowledge that might be aecquired regarding synthetic fuels
pré@essas. Such knowledpe might include improwved plant design, measures
furzreducing capital and operating cost, improving efficiency, or decreasing
envf%onmental impact. Taking coal gasification as an example, learning .
effeé%s can be categorized in broad terms as those that ultimately affect:

‘ 1. The economics of gasificatioh through impact on gas
price, or
2. The soclal acceptability of gasification through
demonstrating the actval operation of a plant.
The eﬁonomic effects can be Further broken down into those effects concerned
directly with the construction and operatiom of plants and the related
affects cuncerned with the finaneing cid regulation of plants. This sub-
section will briefly outline the model that we will use to reprecent the
economic laarping effects related to the construction and operation of Lurgil
coal gasification plants. .Similar concepts can be used to model other types
of learning.
A SIMPLE LEARNING MODEL

From the point of view of the operation and comstruction of a Lurgi

plant, the ultimate effect of learning is to reduce the uncertainty in
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the price of gas produced by Lurgi gasificarion. The most direct approach
to learning would be expert assessment- For exgmple, an expert's (or
experts') opinion of what the price of symthetic gas would be some year in
the futuré, boch with and without a commerclalization prc;gram, could be
assessed. The differemce would represent the learning from the program
and could be used in calculations to yield potential economirp benefit.
Although this learning model appears to be simple and direct, previous

experience has shown that it gives unrcliable results. The basic problem
is that the price is a function of so many dilffercent factors — thermal
efficlencies, stream factors, capital costs, and So on -~ so that even

knowledgeable experts cannot process all the interactions intuitively.

Thus we need a more structured model.
To develop a more structured model we could relate the price of gas
to some of the main factors that determine it. For ezample, in greatly

simplified terms we can write the price per unit of output as

P

P =SCCxCGR+OM+ in

out a n

where

Puut. = price per unit -.of output
SGC = specific capital cost per unit of capacity
CCR = capital charge rate

4 = plent avallability

OM = vperating and maintenance cost per unit of output
P in £ price per unit of dnput

n = thermal efficiency of the plant

In aetnaliry, rhe pricing forim:la used for regulated gas is a more compli-
cated funcrion of similar compenents. However, in either case, = learning
model could be based on the critiecal factors influencing pricé and then
the effect of these factors on price could be determined. Let's consider
how we miéht develop a learning model for the capltal cost of the plant.
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A LEARNING CURVE

A convenient way to represent the reduction in capital cost that

results from comstructing and operating a gasification plant is through
the use of a learning cuzve. Suppose for the moment that there is no
uncertainty so that lesrning results purely from experience gained over
time. This experience is reflected in a reduction in capltal costs. )
Such an effecr might be represented by a curve such as shown in Figure 4.4.
As more and more units are installed, the capital cost per unit declines
until it reaches a steady state level below which it declines no more.
This, of course, assumes constant doliars with no inflation,

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

co) [, + (1 - £e7 ]

C{n)
where

C{n) = capital cost nth unit

f = ratio of the steady state cost to the inirtial cost

A

As shown in Figure 4.5, Increasing A causes the capital cost to drop more

measure of rate at which capital cost declines

rapidly. As a rough measure, when

n -

A

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-
mwonly used in Industries such as chemical procesceing and aireraft,

Using learning curves like those in Figure 4.5,.rather than trying to
assess changes in price directly, we would assess the parameters C(0), f;,
and %, and then determine the effeet on price. Experts familiar with the
construction and operation of gasificarion plants are much more comfortable
thinking in terms of the initial capital cost and the steady state capital
cost rather than price directly.

As 2 numerieal example, suppose we det;rmined that the inltial capital
cost of a gasification plant was §1.1 biliian {C(8) = $L.1 biillion), the
séeady Qtate capital cost was $0.88 billion (f'm = .B), and the rate of
learning was one tenth () = 0.1). The effect of learning on Lurgi gas
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Capital Cost
Per Unit

Humber of Units

A Learming Curve

Figure 4.4
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price would be as shown in Figure 4.8. As can be seen, the price of gas
declines. 7The rate of decline decreases, so that the curve reaches a
limiting value. The first plant produces gas at $4.10 /Mcf. The second
plant price is $4.06/Mcf, &4.4¢/Mcef lower. The eighth élant gas price is
§3.851/Mcf, 2.6¢/McE below the previous plant. If very many plants were
built, learning on capital cost would drive the price ro $3.63/Mcf.

UNCERTAINTY

The.p:nblé@ with curves such as those discussed in the last section
is that they neglect uncertainty. If there were no uncertainty about com-
struction, chemical processes and so on, they might be good descriptors
of the learaing phenomenen. However, there is uncertainty that must be
dealt with. For example, technical experts mlght be uncertain inicially
as to whether or not the plant were a "high" cost plant, a "medium® cost
plant, o£ a "louw" cost plant. If it were a."high" cost plant, the plant
capital coest would move down the "high" curve in Figure 4.7. Similarly,
"medivn” and "low" cost plants would move down their respeective trajectories.

To take account of the experts' uncertainty, we must encode explicitly
the probability of each of the three possibilities. Thus we have the
situation summarized in Figure 4.8. The figure is a way of summarizing

the experts' state of informarion regarding capital costs pxior to build-~
ing the first plant.

After the first plant is built, the experts have some new.infotmation
and might want to revise their probabilities of the plant’s being on each
of the cost trajectories. In other words, if the first plant comes in at
a low price, the probability of the mext plant being on the low cost leara-
ing curve might be increased. This revision of probabilities is summarized

in Figure 4.9.
Conceptually, the same expansion of the probability tree shown in

Figure 4.9 will occur after each plant is buile. However, practically,
only a limited number of such econditional probabilities will have to he
considered.

Explicitly factoring in the uncertainty gives a much richer and more
useful model of the learning phencmenon. It is interesting to note that
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c(n)

Alternare Learning Curves

Figure 4.7
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1]

1 1st Plant Is High Cost

m

Ml lst Plant Is Medium Cost

-
0]

1 1st Plant Is Low Cost

4]
)]

State if Onformation Prior te First Construction

{ﬂ1|e} = Probability First Plant is High Cost Given Prior Information

Probabilistic Description of Expert Opinion of Capital Cost of First
Biant Prior to Construction.

Fipure 4.8
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{Hzlﬂ E} = Probability second plant is high cest
given first plant is high cnst and given
prior dnformation

Probahilistic Deseription of Expert Opinion of Capital
Cost of First and Second Plant Prier te Construction

Figure 4.9
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the probabilistic model "explains' an occurrence often cited in the
learning curve literature. Although practicioners agree that theo-
retically learning curves should look like those in Figure 4,5, in
practice, the estimates over time of the cost of the next plant look
like Pigure 4.10. For appropriate values of the probabilitﬁﬁé, Figure
4.10 15 just the "average" learning ecurve.

SUMMARY OF CURRENT STATUS OF LEARNING MODEL

After discussion with both iudustrf and SRI experts, we have deter-
mined that the critieal variabies feor which learning must be modeled are
capital costs, and perhaps gasifier efficiency. At present, the model
has the capability of representing capital .ost Learning either at the
plant level or at the individual process component level. The model was
used in producing the results chown in Figure 4.6. Sensitivity analysis
will guide the degree.of disaggregation that is ultimately usad.

PLANT OUTCOMES
The outcomes from the piant model are:

1. The amount of gas produced per year measured im
nillions of cubic feet, and
2. The air and water pollutants produced by the
plant per year --— the specific pollutants are
detailed in Table 4.1.
BASE CASE RESULTS

The plant has a nameplate capacity of 250 million Scf/stream day.
The stfeam factor is 50% for the first year of operatien, 80X for the
Second year, and 90% for the duration of plant production. This yields
the following gas production im millions of standard cubic fear per year.

Year 1 45,525
Year 2 73,000
Years 3-25 82,125

The pollutants produced by the operation are proportional to pro-
duction. The following 1list includes both mine and plant emissionz. The
£igures shown are for a peak preduction year with a 90Z stream factor;
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Alr Pollution (tons/vear)
particulites
ROx
S0x
hydrocarbons
co

aldehydes

Water Pollution (tons/year)
dissolved solilds
suspended sclids

organics

Plant and Mine Emissidns

Table 4.1
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the Tesiduals produced could be raticed downward for lower stream

fackor yeaxrs.

Residual Emission, in toﬂslyear
Ajr

Particulates " 602
Nitrogen Onldes 8,152
Sulfur Oxides 32
Hydrocarbons 113
Carbon Menoxide 415
Aldehydes 39
Water

Dissolved Solids 3,540
Suspended Solids 74
Crganics 35

4.1.2 FINANCIAL MODEL
Coal gasification plante 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 ilts cost of service throwgh the prices that it charges to the
public. This cost of sexvice 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 flexibiliry exists
to vary several assumptions about regulatien, and output the resulting
prices, Also, several sensitivity cases test the effect of change in
model assumptions on the average gas price.

Like all private enterprise companies, utilities try to maxinmize
their 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 attractivemess of a coal gasification
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plant to a public utility by computing the return to equity for the
investment. The return to equicy that is actually achieved can differ
from the regulated rate of rerurn because of the investment tax credit.
The financial model has the%ability to calculate the return to equity
under various assumpkions agout the investment tax credit, and the tax
status of the parent corporatiom.

Another factor that is important in regulated pricing is imflation.
A plant is built unsiag dellars from early years, vet inflation occurs
over its lifetime. The fact that the fixed capital does net inflate in
value provides a downward pressure on prices. The method of incorporating
inflation into the analysis is discussed, and sxamples are given.
COST OF SERVICE PRICING '

The price that a public utility charges for ics service is regulated
by public bodies. While the varlous 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 tharge a price
-that equals its cost of service. The cost of service can be broken into
several categories:
l. Operating and maintenante cost
2, Capital-related costs
+ ¥nterest on debt
« Return onlequity
+ Taxes on income
- Depreciation
3. By-product credits
4. oOcher
OPERATING AND MAINTEMANCE COST

The operaring and maintenance (D&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 plant. This dis
a Teasonable assumption, simce the majority of the catalysts will be used

in units downstream of the gasifler. The coal cost represents a price
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per million 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
perzent of the total capital invested in the plant. Currently, two percent
per vear is vsed. The model cumulates the capital spent on the plamt to
a given year, and applies the two percent figure against this cumulated
capital spending to compute the malntenance cost. All the yearly costs
are summed to come up with the taotal operating and maintenance cost for
the plant. '

~ CAPLTAL-RELATED COSTS AND THE RATE BASE

" Two kinds of investment are required to operate a coal gasification
plant. Capital is invested in the plant itself. A smallev amount of
money 1s necessary to provide the working éapital for the operation. The
total eapital invested is furnished from two sources: debt and equiry.
A plant is charactecrized by an cquity fraction, the percent of total rapltal

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

The total smount of capital invested at any time is called the Tate
base. This is split into debt and equity parts. The cost of service must
provide funds for the interest on the debt pertion of the rate base. This
is simply the docllars of debt outstanding times the interest rate on the
debt. The urility is allowed a regulated rate of return on its equity
investment. The rate base is amortized aver the plant life. A part of the
cost of service is this depreciation charge. The depreclation monies are
first used to decrease the debt associated with the gasifijcarion plant.
When the debt is reduced to zero, the depreciation is used to repay the
. equity invested in the plant.

Funds for fired capita. are expended during the construction time,

a period of several years' duration for a coal gasification plant. It is
necessary to take account of interest 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 efFectz on the rate bases.

39



The first method 1s called allowance for funds used during construction
(AFUDC) . Every year, the anount of debt and equity is increased by the i
interest and return on equity respectively. Thus, the fipancial charges -

during constructian arz added to tke rate base during the construction
period. The rate base at start-up is larger than the actual dollars spest .
for fixed capital. To illustrate this, consider the following -omstructicn
spendirg schedule:

Year 1 2 3 4

Spending 100 100 100 100

Suppose the project is financed T5% by debt, and 25% by equity. The
interest on debt is 107, and the utility is allowed a 15X return on its
equity. The svendirg is spread evenly over each year. In the first year
525 of equity is spent. Tke average equity invested is one-~half of the
$25, or $12.50. Tke allowed returr on the average irvestwent is

15 % 12.50 = 1.88. Thus, at the end of Year 1. the utilicy has $26.88
worth of equity in the proiject. The 51.88 is the eqguity corponert of the
firse year's ATUDC. During the secopd year, the uriliry has 26.88 + 12.50
= 39.38 invested cn the average, and earns .15 x 19.38 = 5.91 return. Thus,
at the end of Year 2 the utility has 526.88 + $25 + 85.91 = §57.79 of

equity investoent. Continuing the salculations, the Epllowing table is

produced:
Year 1 2 3 4
Equity spent 25.00 25,00 25.00 25.00
AFUDC, equity portion 1.88 5.91 10.54 15.88
Year-end eguity invest—
rent 26.88 “.7% 83,33 134,21

4 sinmilar effort produces tke teb'i. for debt:

Year 1 2 3 &
Debt spent 75.00 “5.00 ¥5.00 75.00
AFURC. debt -ortion 3.75 11.63 20.29 29.82
Year-end debt invest—

ment T8.75 165.18 260.67 365.45
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Comhining the debt and equity tables produces a project table:

Year 1 2 3 4
Project spending 100.00 100.06 104.00 160.00
AFUDC 5.63 17.54 30.B3 45.70
Year-end project o

investment 105.63 223.17 354.00 499,70

Thus, at plant start-up, the initjal rate base.i§3$499.70, comprised of
$134.21 of equity, and $365.49 of debt. The $495.70 is $400.00 of actual
spending on fixed capital, and %59%.70 of Afﬁnc to cover the finameing costs.
The second manner of caleculating the initial rate base is called the
surcharge method. 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. The initial rate base is thus equal to the actual
capital expenditqres. For an example, the spending pattern, the-fractions
of debt and equit&, and the Interest rate and return on egquity from the
previcus example will be used. Duricg the first yrar of construcrion, an
average of 1/2 x $25.00 = $12.50 of equity is invecred. The return on rhe
average equity 1s .15 % 12,50 = 1.88. The future customers also pay thé
Incowe tax associated with the $1.88 of after-tax earnings. If the tax
rate ig 50%, the taxes paid are also $1.88, and the total payment is $3.76.
This is the equity portion of the surcharge for Year 1. The average equity
investment in fear 2 is 25.G0 + 172 + 25.00 = 37.50, and the zllowed return
is .15 % 37.50 = 5.63. The toral payment, including téxes, is $11.26.
Completing these calculations for the equity spending, and performing

similar calculations For debt spending, produces the fellewing tables:

Year 1 2 3 4
Equity spent 25.00 25.00 25.00 25.00
Surcharge, equity

portion 3.76 11.26 1B.76 26.2%
Year-end equity

investment 25.00 50.00 75.00 100.00
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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  156.00 225.00 300.00
Year 1 2 3 4
Project spending 100.00  100.00 100.60 100.00
Surcharge 7.51 22,51  37.51  52.51

Year-end projeck invastment 160.00  200.00 300.00 400.00

Thus, at plant start-up, the initial rate base is $400.00, equal to the
fixed capital spending. The $400.00 is split into $100.00 of equity and
$300.00 of debt. The gas consumers have made payments of 7.51 4 22.51 +
37.51 + 52.51 = 120.04 during the construction pPeriod te pay the financing
charges., ' k

The method of determining the rate base influcnces the magnitude and
timing of the customer payments. The ARUDC method postpones all of the
payments until gas production begins. The surcharge method reduces the
product price, by haviug customers make the financing payments before plant
start-up.

The other capital-related costs are taxes, depreciation, and return on
working capitai. The consumers of the gas pay the uvtility's tax on income.
The tax is related to the regulated income after tax., Consider the following
accounting identities:

(Profi;vbefore tax) - Tax = Profit after tax
(Profit before tax) - (Profiv before tax) (Tax Tate) =
. Frofig alter tax
(Profit before tax) x {1 - Tax rate) = Profit after tax
Profit before tax = (Profit after tax) + (1 - Tax rate)
But,
Profit before tax = {Profit after tax) + Tax .
So, ’

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

Dy o e

custonmers pay, divide 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 utiliry is allowed-co earn $100 after taxres on its equity by the
regulators, then it neads $100 to pay the income tax. Thus:

After tax income + Taxes = 100 (1 - .3} = $200

R DL RS- =ty

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 maintenance expense.
Debt and éﬁuity are invested in working capitzl.

BY-PRODUCT CREDITS AND OTHER COSTS

The next cacepory of costs is called By-Product Credits. A ceal
gasiflcation plant produces a wide variety of products other than synthetic
high Btu gas. These by-products include such things a3 coal fines, tars,
naphtha, phenols, and ammonia, all of which are potentiaily szlable. The
proceeds from these sales ars used tov reduce the revenue that the gas
customers are required to furnish.

The other catepory of costs consists mainly of investment tax credit

(ITC) passthrough, which is discussed in detail later in this section. Tax
laws currently allow the ucility to reduce its income taxes if it makes .
certain capital investments. Some regulatory agencies require the utilit§
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 ko the consumers, The total ITC is divided by the passthrough
period, and the resulting amount is subtracted from the required revenue.
¥For example, if the ITC was $100, and the passthrough period is four years,
$25 is subtracted from customer-supplied revenue for the first four years
of the plant‘*s production.

The above discussion lists the elements that make up the cost of

service.

EASE CASE

_The financial model has been designed to implement ail of the assump-

tions described in the last subsection. A capiral spending pattern over
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time is input. Either AFUDC or surcharge can be used to calculate the
rate base. After start-up of the faciliry, capital spending can increase
this rate base. To demounstrate the results of the financial caleulations,
consider the following example. It is called the base case; and, slthough
it gggg_ggg'represent any partieular propesal, it is represemtative of
what might be expected for a gasification plant ziven ocur present state of
information. The major assumptions that define the base cagse ave listed
in Table 4.2.

Figure 4.11 shows the trajectory of gas prices plotted against the
year of plant operation. They are listed in Table 4.3. The average gas
price is $4.13/Mcf. Several trrends are noticeszble. The L£irst year's gas
price is very high ($7.83/Mcf). Thia is caused by the stream factor of
50%, which reduces the gas production that must pay essentially all of the
costs asscciated with the faeility when it is running at a full stream
factor of 90%. Similarly, the second vear price is high because of its
stream factor of 80%. After the full stream factor is reached im Year 3,
the price starts to decline. This 1s caused by the decreasing rate base,
as the yearly depreclation pays back the initial investment. The rate of
price decline is slow at first, as debt, which has a charge of 9% per year,
is zepaid. 1In the later years {after Year 13}, the &ecline in gas price I
is greater. Equity is being repaid. It earns 15% per year, and also
provides the pretsx income that geunerates the income taxes that the cuctomers
pay.

Consider the f£ifth year of the operatiom. The equity Investment is
$347M, and the 15% return om it is $524. The debt ocutstanding is $749M,
and the 9% interest on this debt is a charge of $67M. The return on
equity and Interest inecrease to $33M and $69M when the working capital

charges are included. Thus, it is possible to calculate the cost of service:

M
08M cost " s170
Interest on debt 69
Return on &ﬁuity 53
Taxes on Income 56
Deprecization 52
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Fixed Plant Capitzl $1,100 M

Fixed Capital Spending Pattern

Year ] -3 -2 -1 1 2

110 220 440 220 35 55

Plant start-up

Yearly Operating Cost at Full Stream Faetor $170M

Yearly By-Product Credit at Full Stream Faecter. ). |
Coal
Cost §$ 7/ton
Heating Value ' 8,500 Bru/lb.
Plant COperacing life 25 years
Plant Name Plate Capacity. L 250 million Sc€/stream day

Strcam Factor

Year 1 507%
Year 2 80%
Year 3~-25 90%

Financial Parameters

Equity Fraction 25%
Debt Fraction 75%
Interest on Debt 9%
Return on Equity 15%

No ITC Pass through
Ho Surcharge

Tax Rate on Income,

Federal ' %8%
State YA
Total 52%

“ Base Case Assumptions

Table 4.2
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Table 4.3

GAS PRICE

YEAR PRICE
1 /.83
2 5.18
3 h.74
4 4,68
5 4.63
6 4,57
7 4,51
8 4,u6
9 4,40

10 h,34
11 4,28
12 0,23
13 4,17
14 4,11
15 4,05
16 4,00
7 4,94
18 3.88
19 3.83
20 3.68
21 4,48
22 3.28
2% 3.08
24 2.88
25 2.68

AVERAGE PRICE - 4,13
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s
By-product eredits’ (20)

Total $380

The gas production during Year 5 is:
250 million Scf/day x 365 days/year x Y90% stream factor = 82.125 million Mcf.
The gas price in Year 3 is:
$380M/82.125 million Mcf = $4.63/Mcf
This figure cam be verified in Table 4.3.

The ehanges in debt and equity over time are listed in Table 4.4.
Several points merit discussion. Jk:?plant start-up, $990 has been expended
on fixed capital. Excluding AFUDC, $742.5Mvf the fixed investment is debr,
and $247.5M is equity. However, the first year's debt and equity are
$B64.0M 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 plént operation. Debr is reduced in the early years of
plant life, until all debt is zepaid by Year 20. Then equity is ra=duced
b} the yearly depreciation charged to the customers.

SENSITIVITY ANALYSIS “

Figure 4.11 describes the price of rhe surput 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 assumptioms. Previous discussion
covered surcharge and ITC passthrough. Both of these festures 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 en debt, return on
equity, depreciation, and taxes on income. Passing ITC through also re-
duces the cost of service, producing a lower gas price. The price is reduced
over the passthrough period. )

Table 4.5 ghows four gas price trajectories, which sre plotted in
Figure 4.12, The four price tracks correspond to the four pessible ways

of combilning the presence or absence of a surchaxge with the presemce or
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absence of the passthrough of ITC. It 1is sdentical to the plot in Figure

4.11. Trajectory 2 assumes that there is no suvrcharge, but thar ITC is

passad through to the customers over a four—year period. MNotice that this
set of pas prices is jower than Case 1 guring the first four years of plant
operation, when ITC passnhrough is reducing the cost of service. From
Year 5 to the end of operations, the price txack is jdencical for Cases 1
and 2. Trajectory 3 shous the effect of a surcharge during construction.

Consumers have made the following surcharge payments:

Year -4 -3 -2 -1

Equity "utcharge, &M 2.6 10.7 27.6 45,0
pebt surcharge, S 7 4,7 19.2 49.6 81.1

Toral surcharge, $M 7.3 29.9 7.2 126.1

The total paid over the construction period is 3240.5M, Because the con=
sumers have paid the financing charges before plant staxrt—up, rhe initial
rate base is §930M, instead of the $1181.5H initial rate base for Price
Trajectory 1. Because of the reduced rate basc throughout the project life,
the gag price is always lower than in Case 1. The final price track,

Number 4, shows the combined effects of a surcharge and a passthrough of LTC.
The price track is belew the first two aun nd the relatlonship between Tra-"
jectories 3 and 4 duplicates that of Trajectories 1 and 2, vwhich was Ais-
cussed above.

The sensitivity of the average §as price to other model assumptions 1s
sunmarized in Table 4.6, Coal cost is a gignificant part of the O8M charge,
and a reasonable variation in the price per ron causes a significant change
in average g2s price. The finagnce charges, return on equity, augd interest on
debt alsoc strongly influence the price. 1f maintenance difficulties sre
encountered, {ncreasing the maintenantc required from two to eight perﬁant
of capital, the gas price increases greatly. A move durable facility, ex—
pressed as & longer plaat life, decreases the average price scmewhat. Finally,

a cost overrun of 90% increases the average about one eighth-
THE RETURN ON EQUETY ¥CR THE UTILITY

The repulatory agencies allow the utility a percentage after tax
return on thelir equity investment. This determines 2 component of the cost

of service. MHowever, rhe cash flows to the equity investment can be such
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RATE BASE

YEAR C RUITY DERT RATE BASE
1 317 864 1182
2 33) 860 1152
3 347 853 1200
i 4 37 201 1148
5 347 749 1096
6 Su7 657 1044
7 347 e 991
8 347 592 939
9 347 540 887
10 347 488 835
11 37 436 783
12 347 384 731
13 347 331 . 678
14 347 279 626
15 347 227 574
l 16 347 175 522
17 347 123 470
18 347 70 417
19 347 g 365
20 313 | 0 313
21 261 0 2%1
2 209 0 209
93 57 0 157
o 104 , 0 104
%5 52 0 52

Table 4.4
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GAS PRICES

NGO SURCHARGE

NO SURCHARGE SURCRARGE SURCHARGE

YEAR NO PASSTHROUGH  PASSTHROUGH  NO PASSTHROUGH  PASSTHROUGH
1 7.83 1.23 6.95 b.34
2 5.18 4,82 4,65 4,27
3 4,74 4,41 4,27 3.93
4 4,68 4,35 h,22 3.88
5 4,83 4,63 4,17 5,17
6 4,57 4,57 4,12 4,12
7 4,51 4,12 4.07 4.07
8 4,46 4,46 4,02 4,02
g b ug 4.0 2.9 3,97
10 b, 34 4,34 3.92 3.92
11 4,28 4,28 3.87 3.87
12 4,23 4,23 3.83 3.83
13 4,37 4,17 3.78 3.78
14 4,11 4,11 3.73 3.73
15 4,05 4,05 3.68 3,68
16 4,90 4,00 3.63 3,63
17 2.94 3.94 3.58 2,58
18 3,88 3.88 3.53 3,53
19 3,83 3,83 3,49 3.49
20 3.68 3.68 3.41 3.4
21 3.8 3,48 3.24 3.24
22 3.28 3,28 3.07 3.07
23 3.08 3.08 2.90 2.90
24 2,88 2,88 .73 2.73
25 2.68 2.58 " 2,56 2.56

Table 4.5
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Tigure 64,12¢ Poice Trajectories

PRICEB r ’
1 HO SURCHARGE, NO 1TC PASSTHROUGH
2 0 SURCHARGE, ITC PASSTHROUGH
) 3 SURCHARGE. NO ITC PASSTHROUSH
4 SURCHARGE, 17C PASSTHRCUEH

1 Z 3405 6 7 8 910N 12131415151718192021 22 22 24 25
TIME {years)
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that the return to equity can differ from the return allowed by regu-
lators. The f£inancial model has the ability ro solve for the return
to equity for the urility. In formal terms, the rcrurn to.equity is
the incernal rate of return of the equity cash flows. S:a:éatdifferently.
it is the discount rate that wakes the discounted value of rhe czsh flouws
to equity equal to zero. i

The cash flow to equity can be thought of as consisting of four
components. They are listed at the cop of Table 4.7. Thé.equity column
represents aquity investment for fixed capital (negative iIn the carly
project's years), and return on the equity investmeat by the depreciatien
flows (positive in the later years of the preject). The second component
represents the cash flow required to support the eguity poertion of the
working capital. It is negative when production is building up, and posi-
tive when the plant shuts down. The profit column represents the after-tax
profits resulcing from the return on equiby allowed by the regulatory agency.
The LTIC component lists the special tax 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 yeav-end net equity cash outflow (negative) or inflows
(positive) for the project. ‘

Table 4.7 is the detalled cash flew associated with the base case.
The equity column shows the fixed capital investments made during con-
struction, and return on the equity in the last years of the project. The
column sum is a positive $69M. This results from the fact that 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 bech the
equiry 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 terminate.

The profit cash flows start in the {irst year of the plant's operation.
They increase for the first three years, the increased equity investment
reflecting the coatinued fixed iuvestment made after start—up. (The actual
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OTHER PRICE SENSITIVITIES

AvErRAGE BGAS PrIcE
Base CAsE $4.13

CoaL Price + 507
$7—$10.50/1oN | 4.44

Hien Financial CHARGES
ROE: 157 —18% _
InTerEST: 9% —117 4,56

HigHeEr MAINTENANCE CosT
PercenT oF CapiTaL: 27 —8Z 4.96

IncrReAseDp Puant LIFE

25==30 YEARS 4,00
Increasen CapitaL Cost 4,63
+20%

Table 4.6
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BASE CASE

CASE 1
. EQUITY : CASH FLOW CUMUEATIVE
veAR | INVEST  WORKIHG CAPITAL _ PROFIT ITC | IO EAUITY CASH FLOM

-4 —28 0 0 0 -28 ; —28
-3 -55 0 0 -55 . -82
-2 -119 0 o -110 -193
-1 ~55 -4 6 0 ~59 ~232
1 -15 -1 4R 0 33 ~-21%
2 -15 0 51 0 36 ~183
3 0 0 53 0 53 =131
4 0 0 53 0 53 -78
5 0 0 53 o 53 ~25
o 4] 0 53 0 53 28
7 o 0 53 - a 53 Bl
8 0 ¢ 53 0 53 134
9 0 0 53 0 53 " 186
1 0 0 52 0 53 240
11 0 0 53 0 53 292
12 0 0 53V 0 53 345
13 o: 0 53 0 53 398
14 0 ° 53 0 53 451
15 70 y o 53 0 53 564
16 o 0 53 0 53 556
17 0 0 53 0 53 - 609
18 0 0 53 0 53- 662
19 34, 0 53 0 87 749
20 53 0 48 0 100 849
21 52 v] Ap 0 92 9541
22 52 ] 32 0 g4 1025
23 52 0 24 0 76 1102
24 52 0 16 0 69 1170
25 52 3 9 0 66 1236

- ROE-= 15,97

Tahle 4.7
55
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amount of equity can be found In Table 4.4.} The profit fs $53M From

Year 3 to Year 19 becsuse the equity acecount i3 unaltered. Im Year 20,

the depreciation flows are reducing the equity investment, and the wegu-
lated xeturn on equity is being applied to a swaller equity base. I1TC

is nort considered in this case, so the ITC column is all zeros. The cash
flow column shows a typical project picture: negative cash flows during
construction produce an asset that provides positive cash flows over the asset’s
operating life. The cumulative cash flow shows that the utility has risked
a maximum ameunt of equity, $262M, at the ead of the comstruction pericd,
that the cumulative cash flow becomss positive in the sixth year of plant
operation, and that the project will produce a total positive cash flow of
$2,236M over its lifetime. The return on equity was calculated to be
15.9%, close to the 15% regulated return assumed.

INVESTMENT TAX CREDITl

Since the investment tax credit (ITC) may have a large impact on both

k gas price and the return to equity, it L& iwmportant ro discuss it in some
detail. 7The ITC was instituted to encourage investment. Certain classes
of capital expenditures are allowed to generate tax credits. The qualifying
amount of inveétment dollars are multiplied by the ITC rate (a percentagel,
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 $10. There are two necessary gualifiers.
First, the company must have sufficient tax liability to benefit from the
tax credit. If the above utility were requirad to pay $5 of income tax,
$5 of the ITC could be used te reduce the taxes to zero. However; depending
on the state of ITC legislation at the time the gasifiecation plants are
buile, 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 2ero.
Such limits might affect the cases dealing with project taxes (Case 7, for
eximple}, but they will not affect the overall conclusigns about the effects
of TITC.

ITC tax credits not used in a certain year can be carried forward to
reduce £ax payments in future years, subjsct to certain ldmitations., Com~

ranies that anticipate that they can never utilize all of the ITC for tax

1 This modal ignores accelerated depreciation for income tax purposes
which, we have found in subsequent studies, can have a significant
effect on returns to eguity.
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celief cam enter into complex finanoial arrangemeats to pass the ITIC
on to a party that can use it.

The second qualifiec on the use of ITC cradits pertalns to when the
ITC om multi-year capital projects becomes available to the company. It
iz easiest to illustrate this facet with an example. Assume that the
company has a £ive-year construction peried, starting in 1976 and spending
§100 every year. The ITC generated gach year is $10. The timing of its
availability is summarized in the following table:

Year 1976 1977 1978 1979 1980
Capital spending 100.00 100.00 100.00  100.00 100.00
ITC generated 10.00 16.00 10.00 10.00 10.00

1ITC available from

Year 1 spending 2.00 2.00C 2,00 z2.00 2.00
ITC available from
Year 2 spendiag - 4.00 2.00 2.00 2.00
TTC avallable from
Year 3 spending - - 6.00 2.00 2.00
ITC available from
Year 4 spending - - - 8.00 2.00
ITC avallable from
Year 5 spending - - - - - 10.00

Total ITC available .
by year 2.00 6.00 10.00 14.00 18.00

Current tax legislation will allow gquicker availability of ITC, with immedi-
ate availability possible in the time frame of coal gasification plant con—
struction. If comstruction started in 1980, ITC will be available in the
vear it was generated. The following ITC picture would result from the

above construction spending schedule:

Year 1 2 3 4 5
ITC available by year 10.00 10.00 10.00 10.00 10.00
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Table 4.8 contains the detailed ‘zash flows associated with & coal
gaslfication ventuxe with ITC taken as soon as it ig available. The gas
plants will be ocwned by subsidiaries of the parent company utilities; thus
the early use of ITC weuld require that ir be applied against the parent
company income taxes. The first three cash floﬁ compenents 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 paiﬁ,
and thus show up as 2 positive cash flaw onvfhe projéct accounts. The
Cash Flow and Cumulative Cash Flow columns change correspondingly. Notice
that the maximum equity exposure is $152M at plant start-up, Versus the
previous $252M where no investment tax credits were considered. The
yrerurn to equity is 23.0Z.

It is possible that a parent company would not have sufficient income
tax liabiiiry to utilize the ITC generated by a coal gasification venture.
Thus Case 3, shown in Table 4.9, was complled. 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 startshoperating, and producing profits that
can be taxed. The amount of ITC 1s the same for Cases 2 and 3, but because
the Case 3 eredits are taken later in the project life, the retura to equity
is 20.1%, compared with the 23.0% associated with early ITC use.

Case & is shown in Table 4,10, and shows the effect of a surcharge
during constructiom. The initial years of the equity investment cash flows
are familiar, with the same pattemn of spending to support the construction
schedule. However, the last few years of this colunn show reduced inflows.
Because the comsumers were charged a surcharge during construction, there
is no AFUDC added to actual equity investment spending, so depreciation
£lows 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 congtruction
period, reflecting the equity portioa of the surcharge. However, less
equity is built up. In Case 1, equity at plant start-up is $317.5M, while
the surcharge has reduced the fiyure to .25 x 990 = §247.5M. Thus, the
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CASE 2

ITC ON PARENT COMPANY TAXES

EQUITY | CASH FLOV | CUMULATIVE
IMVEST_ WORKING CACITA| pROF1T__ 116 170 FOLLTY CoSH Fi oy
-28 0 3 -25 -25
-55 0 14 ~-41 -66
-110 0 41 -69 -135
-55 -4 0 11 -18 ~152
-15 -1 48 6 38 -115
-15 ) 51 & a1 -73
0 0 53 0 53. -21
¢ D 53 o 53 3z
0 0 53 0 53 85
0 0 53 ) 53 138
o 0 53 ) . 53 101
0 ] 53 0 53 244
0. o 53 0 53 296
] 0 53 0 53 349
4] 0 53 0 53 402
0 0 53 | ¢ 53 455
0 0, 53 0 53 508
0 0 53 0 53 561
0 0 53 0 53 614
0 0 53 0 53 666
‘9 0 53 0 53 730
0 | 53 0 53, 772
34 0 53 0 87 859
53 0 4R 0 100 959
52 g 40 0 92 1051
52 0 32 0 84 1135
52 0 24 o 16 1212
52 V] 16 0 6§ 128¢
52 5 e} o 66 1346 °

Table 4.8 ROE = 23,02
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CASE 3

'{TC OH PROJECT TAXES

60

! A < \J \
[YEAR %TSIY' WORKING CAPTTAl PROFIT 70 %“?m%?k} cgggtﬁag il
-4 -28 0 0 0 -28 -28
-3 -85 0 0 0 =55 -83
-2 -110 0 0 0 ~110 -153
-1 -55 -4 0 0 ~59 -252
1 1 =15 -1 48 52 85 -167
2 -15 -0 51 55 90 -76
3 0 c 53 3 56 -21
4 0 0 53 0 53 32
5 0 0 53 ] 537 &8s
6 ) 0 53 0 53 138
7 o - 0 53 0 53 191
8 0 0 53 0 53 244
g 0. 0 53 0 53 296
10 0 0 53 0 53 349
11 0 0 53 [ 53 402
12 0 0 53 0 53 455
13 0 0 53 0 53 508
.14 0 0 53 0 53 561
15 0 0 53 0 53 614
16 o o 53 0 53 666
17 - -0 0 53 0 53 719
18 0 0 53 0 53 772
19 34 o 53 0 87 859
20 53 0 48 0 100 959
21 52 o 40 0 92 1051
22 52 0 32 0 85 1135
23 52 0 24 ¢ 76 1212
24 52 0 16 o 69 1280
25 52 5 9 0 66 1346
& ROE=20.17%
Table 4.9
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CASE 4

SURCHARGE DURING CONSTRUCTION

A KU N A

61

- EQUITY , CASH FLOW | CUMULATIVE
YEAR | TNVEST . WORKING CAPITAL _ PROFIT  JTIC_ITN EOUITY CASH FLO
-l -28 0 2 0 -26 -28
-3 -55 0 8 0 ~47 -72
-2 -110 0 21 | -89 -162
-1 ~-55 -4 33 0 ~-26 ~188
1 -15 -1 38 0 22 -166
2 -15 -0 40 0 25 -140
3 0 0 42 0 42 -98
b 0 0 42 0 42 ~56
5 0 a 42 o 42 -13
6 0 0 42 0 42 29
7 0, 0 42 0 42 71
8 0 0 42 0 42 114
Q 0 0 42 0 42 156
10 0 0 42 0 42 198
11 0 0 12 0 42 241
12 0 0 42 0 42 283
13 o 0 42 0 42 325
- 14 0 0 42 0 ] 168
15 0 0 42 o 42 410
16 0 0 42 0 42 452
17 ‘0 o 42 0 42 495
18 0 0. 42 0 42 537
19 10 0 42 0 52 589
20 45 0 40 0 85 675
21 a5 0 34 0 79 753
92 45 0 28 0 72 825
23 45 0 21 0 65 891
ot 45 0 14 0 59° '949
25 45 S 7 ] 58 1007

Table 4.10 - .RQE = 16.14
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profit is reduced during plant operation —— s42M versus $53M. The ITC
column contailns zeros, reflecting the fact that no investment tax credit
effects have bzen considered. The return to equity {s 16.1% foxr this case.

Case 5 teflects the effect of ITC on the previous case. 1t is
detailed im Tzble 4.11. The cash flows axe jdentical save in the 1TC
column. The tax reduction is assumed to be taken as soon as it is avail-
able. (The surcharge provides early year project taxes giat could be
reduced, so no 'project. tax reduction” case is appropriate.) Two main
differences appear., First, the return to equity has increased to 26.1%-
Second, the maximun equity exposure is reduced from 51884 in the previous
caze to $104M in this case.

Next, ITC passthrough will be discussed. Lt is ascumed that the
regulatory agency requires that ITC tax savings be uvsed to reduce rhe cost
of service, and lower gas prices. The ITC is assumed to be passed to the
ongumers over a four-yrar periocd, as in previous discussion. Case 6 Lln
Table 4.12 shows the cash flows. The only change from Case 2 is the
negative cash flows in wears 1 to 4. This represents the passthrough of
1TC to reduce customer charges. The §22M £igure in Years 1 and 2 represents
the net outflow resulting from ETC passback of §28M, and the $6M of ITC
gained from first and second year fixed investment spending. The rate of
ratyrn on equity is 18.2%, A similar exercise applies the ITC to project
raxes in Case 7 shown in Table §.13, The 1TG positive flows are delayed
until plant start-up. The return on equity is 16.4%-

Finally, it is possible LD cumbine the effeers cf a gurcharge and
ITC passthrough. This is captured in Ccase B on Table 4.14. The equity
and profit columns represent the effect of the surcharge during construction,
while the JIC column Tepresents the effect of ITC used against parent cOmpany
taxes, and.repaid over the £{rst four years of plant pperation. The return
to equity is calculated as 19.3%.

The previous discussion has covered many cases. A summary of the
rateg of return Lo equity ia glven in Table 4.15. Where there 1s no rate

of return entered, the case has no relevance.

g
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Previous mention was made of future changes in the tax laws that
would allow immediate availability of ITC. This law would- allow faster
tax reduction for cases where ITC was used to reduce parent company
taxes. These cash Elows have been developed, called Cases 24, 5A, BA,
and 8A, and are listed in Tables 4.16, 4,17, 4,18, and 4.13 respectively.
The rates of return to equity increase moderately as a result of the faster
writeoff, with the actual numbers and a comparison with the existing tax
law results, listed on Table 4.20.

It is possible that government loan guarantees may provide a greater
portion of che f-mds during construction. Te correspond to financing
plans that have been discussed, the Following case has beer. developed.

The construction pericd is financed 0% by debt; and 10% by equity. Afrer
the plant is operating satisfactorialy, the 75% debt, 25% equity split is
established by refinancing 15% of the investment from debt to eguity. A
surcharge is paid by customers during the cunstrucﬁion 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 suffjcient to make
the cumulative cash flow positive at plant start-up. The refinancing of
debt in Year 1 causes the maximum exposure of 599M. A similar exercise
can be performed using the future TTC tax legislation. ‘Table 4.22 shows
the results. The ITC and surcharge are sufficient te make the cash £low
positive during every year of the congtruction periud; The only year of
negative cash flow is the First year of operatiom, and again the maximum
exposure is $39M. The return to equity is 54.0%.

INFLATION |

Any analysis that considers outcomes that span a large number of
years requires explicit consideration of inflation. A coal gasification
venture has a time horigzon of sbout thirty yearts, so that inflation can
become an important factor. All previous discussion about the financial

model has neglected inflationm to focus on the subjects at hand.
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CASE 5
SURCHARGE WITH 1TC ON PARENT COMPANY TAXES

- EQUITY CASH FLOM {’,UMU%ATWE

vEAR Y INVEST . WORKING CAPITAL PROEIT 17C_\Tp EQUITY casy FL
-l -28 0 2 4 -22 -22
~3 -55 0 8 14 -33 -56
-2 -110 0 . zl 41 -48 -104.
-1 -55 -4 13 41 15 -89
1 -15 -1 38 5 28 -61
2 -15 ' 0 40 6 21 ~30
5 3 o 0 Az 0 a2, 12
b 0 0 42 ] a2 54
5 0 o 42 o 42 97
B a ] 42 0 42 140

7 0 0 42 0 42 181 .
Q o G 42 g 42 : <224
9 0. 0 an 0 42 266
10 0 o 32 © 42 308
11 0 i 42 - O 42 351
12 0 0 42 - U 42 393
13 0 0 42 .0 a2 435
18 0 o 42 | 0 42 478
15 0 0 g2° 9 4z 520
16 0 0 42 0 42 562
17 0 a S42 0 42 605
18 0 0 " 42 0 az 647
19 10 0 42 o 52 . 700
20 45 0 40 0 B5 785
21 45 0 34 0 79 863
22 45 0 © 28 0 72 935
73 45 0 21 0 65 1001
24 45 0 14 0 59 1059

c 45 5 7 0 57 1117 \

pable 4.11 . ROE = 26'12
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CASE ©
I1TC PASSED TO CONSUMERS, TAKEM AGAINST COMPANY TAXES

- CASH FLOW | CUMULATIVE

YEAR %ﬁgég VORKiNG CAPITAL  PROFIT. TTC 4 70 FOUITY CASH F1L.0
; -1 -28 0 0 3 -25 -25
: -3 ~55 0 0 14 -41 -66
-2 | -110 0 0 41 ~69 -135
-1 -55 -4 0 al -18 -153
1 -15% -1 48 -22 11 -142
2 -15 0 51 -22 14 -128
3 o 0 53 -28 25+ -103
4 0 0 53 -28 25 -78
5 0 0 53 0 53 -25
6 0 0 53 0 53 28
. 7 o 0 53 0 53 81
3 8 0 0 53 o 53 134
9 0 0 53 0 53 186
10 a 0 53 0 53 239
11 0 0 53 0 53 292
12 0 0 53 0 53 345
; 13 0 0 53 0 53 398
] - 1 0 [ 53 0 53 451
' 15 0 0 53 0 53 504
16 0 0 53 0 53 556
17 0 0 53 0 53 609
18 0 0 53 0 53. 662
19 34 0 53 0 87 T 749
20 52 0 48 o 100 . 848
21 52 0 40 0 92 941
22 52 0 32 ¢ 84 1025
23 52 0 24 0 76 i 1102
24 52 0 16 0 69 . 1170
-f 25 52 5 9 0 €6 1236
Table 4,12 .+ ROE = 18,22
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CASE 7

ITC PASSED TO CONSUMERS, TAKEN AGAINST PROJECT TAXES

- HUTTTdR.

St =

EQUITY CASH FLOW | CUMULATIVE

YEAR | IHVEST WORKING CAPITAL PROFIT  ITC | TO EQUITY | CASH FLCY
-4 -28 0 0 0 -28 -28
-3 =55 0 0 0 -55 -83
-2 -110 0 o 0 -110 ~192
-1 -55 -4 0 0 -59 -252
1 -15 -1 48 25 58 -194
2 -15 0 51 27 63 -142
3 0 0 53 -25 28 ~163
5 0 0 53 -27 25 -78
5 o 0 53 0 53 -25
6 0 0 53 0 53 28
7 0 ] 53 0 53 Bl
3 0 0 53 0 53 134
Q o 0 53 0 53 186
10 0 0 53 0 53 239
11 0 0 53 0 53 282
12 W o] 53 0 53 345
1% 0 0 53 0 53 398
14 0 0 53 0 53 451
15 ¢ 0 53 o 53 504
16 0 0 53 0 53 556
17 0 o 53 1} 53 609
18 0 0 53 0 53 662
19 34 0 53 0 87 749
2 52 0 48 0 100 849
7% 52 0 40 0 92 241
5 53 0 32 ] 84 1025
2% 5% 0 24 g 76 1102
2| 52 0 16 0 69 1170
25 52 5 9 o 66 1236
Table 4.13 ROE = 16.47
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CASE 8
SURCHARGE; ITC PASSED TO CONSUMERS,
TAKEN AGAINST COMPANY TAXES

EQUITY L CASH FLOY | CUMULATIVE
1yEST  WORKTMG captial  PROFTT vre | 1o Foprry 1 C8SH L0
-28 0 2 3 -23 -23
-55 . D 8 14 ~-33 -56 °
~110 0 21 411 -44 =104
-55 -4 33 41 15 -89
-18 -1 38 -22 0 -85
-15 0 40 -22 3 -85
0 0 42 -28 15 -71
0 a 32 -28 15 -56
0 0 42 0 a2 - ~13
o 0 a2+ 0 42 29
o 0 12 0 a2 71
0 0 42 Q 42 114
0. 0 42 0 42 156
a 0 42 0 az 198
o 0 42 0 12 241
0 0 42’ 0 42 -283
0 o 12 0 a2 325
0 0 42 0 42 368
0 0 42 -0 42 410
o 0 42 0 12 452
‘0 o 42 0 42 495
0 0 42, o 42 537
10 0 ' 42 0 52 - 599
45 o a1 0 85 675
45 ‘o 34 0 19 753
M 45 _— 28 0 72 825
f 45 o 21 0 65 891"
o1 15 6. 14 0 59 ‘949
g 45 5’ 7 0 57 1007 -
Toble 4.14 ROE = 13.57
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To focus on inElat:io'n, let's make twe deSfinitions. Dolilar flows are
said to be in coustant dollars if they have mot haen inflated. 1t is
pecessary to provide 2 reference year for such dollars. For example, GNP
is often srated in 1958 dollars (19585), and coal gasifiecation plant
capital costs are expressed in 19')5 doilars (1975%). 4 cozl gasifier
would be in 16755 if the 1875 price {s used. If dollar flows are inflated,
they are in current Aoilars. If the gasifler is to be purchased in 1980,
and there is inflation betw=en lb'li‘ and 1980, the price for the gasifiler
would be higher im 1980, This higher price would be the current dollar
cost of the piece of equipment. Assume that the gasifiert would cost $100
if purchased in 1975. Assume that inflationm is flve percent betwaen 1975
and 1980, Then the price of the pasifier in 1980 would be 100X (1.05)5 =
$127.63. "he comstant dellar price iz $100, in 1975 dollars., The current
doliat price would be §127.63 ia 1980, '

Mosr energy studies are conducted using constant dollars. This has
the convenience of using prices that currently exist. Communication is
also facilitated, because doliar quantities can be compared with comven-
eional Frames of reference. (Tor axample,_‘_;l.f a coal gasification plant
" costs $1B in 1975, and if inflation is 57 ‘p‘er.annum. the plant would cost
$2,08B in 199C. This figure is diEficult for many people to understand '
or comprehend.) The current study, and previous studies using the BRI National
Energy Model, work with prices in 1975 dollars-. However, ao important
inflation correction is required for price—regulated industries.

The majority of the fixed capital investment 18 made by a utility
in the early years of a project’s life. These expenditures form the
majority of the rate base. The 1975 dellax cost should be inflated to
reflent current dollare. Howaver, when the money is spent, the rate base
does not continve to grow with inflation, Other expenditures which occur
on a yearly basis will inflate over time, Thus, part of the cost of service
increases with'inflation {the yearly expemiitures), and part can be con-
a:idlé.red to be independent of ipfiation (the *capital charges™. Thus, if
{nflation is 5%, part of the cost of service jnflates ac 5%, and part at
0%, resulting in an average inflation rate of about 3%. If the overall
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CASE 2a

NEW ITC LAW TAKEN AGAINST PARENT COMPANY TAXES

CASH FLOW | CUMULATIVE

EQUIT
YEAR mupc} WORKING CAPITAL  PROEJT ITC.170 FOUITY CASH Ef O
-1y —-28 0 L 11 =17 ~-17
-3 -55 0 22 Y 50
-2 | -110 ! 0 D 4. | =686 -116
-1 -55" -4 0 22 -37 ~153
1 -15 -1 42 6 36 =115
2 -15 0 sl 6 Al -73
3 0 0 53 o 53. -21°
4 0 0 53 0 53 32
5 0 0 53 0 53 85
B 0 0 53 0 53 138
7 0 0 53 0 53 191
8 0 0 53 0 53 244
g 0 0 53 0 53 296
10 o g 0 53 0 53 349
11 o 0 53 0 53 402
12 a 0 53 0 53 455
13 o 0 53 | 0 53 508
- 10 0 0 - 53 0 53 561
15 0 0 53 0 53 614
16 ) 0 53 C 53 666
1/ "9 0 53 ¢ 53 710
18 0 0 53 0 53 772
18 34 0 53 0 87 859
20 53 0 48 0 100 959
21 52 0 49 0 92 1051
22 52 0 32 0 84 1135
23 52 0 24 0 76 1212
24 52 0 16 0 69 1280
5 52 5 9 ] 66 1346
ROE = 24.1%
Table 4.16
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|
‘ CASE 5a
SURCHARGE, NEW ITC TAX LAW WITH ITC
ON PARENT CQMPANY TAXES
- BRUITY CASH FLOW CUHUhATIVE
{ veaR | TAVEST  HORKING CAPITAL  PROFIT 1IC To EauITY_ 1 CASH FLOW.
q - -28 0 2 11 -14 . =14
-3 "-55 0 8 29 _35 _39
‘J =2 | -110 0 21 4 _45 _85
! -1 =55 -4 33 22 -4 -89
1 -15 -1 38 6 28 -61
2 -15 0 40 6 . 21, ~30
3 0 o 42 0 42 12
l 0 0 42 ] 42 54
5 0 o 42 0 42 97
b 0 o a2 0 a2 140
7. 0 0 42 ! 42 181
3 ¢ e 42 0 42 2724
) 0 0 42 0 42 266
10 0 0 42 0 42 308
! 11 0 o a2 0 42 351
3 12 0 0 42 0 42 393
3 13 o 0 42 0 42 . 435
i |- 0 o’ 42 0 42 478
3 15 0 0 42 "o 12 "520
‘ 16 0 D £2 ] 42 . 562
1 17 0 0 a2 c 42 605
: 18 0 0 42 0 42 647
19 10 0 .42 o 52 . 700
3 20 45 0 40 o 25 785
1 71 45 0 34 0 79 863
3 22 a5 0 28 0 72 935
] 23 45 0 21 ¢ 65 1001
5 24 45 0 14 0 sa  § 1059
E 25 45 5 7 0 57 1117
. ROE = 28.0%
. ? P Table &.17 .
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CASE ©a

NEW ITC TAX LAW, ITC PASSED
PASSED TO COMSUMERS, TAKER AGAINST COMPANY TAXES
SH y ;
Eﬁgg}: WDRKING CAPITAL opOFIT _I1C ’(I:'g Eﬂlillf?"Y C(Ull\llglﬁwlr:ll\ég
-28 0 ¢ 11 -17 =17
=35 ‘ 0 22 -33 -50
~110 o 0 44 56 —116
-53 -4 0 22 37 -153
-15 -1 48 -22 11 -142
-15 0 51 -22 14 -128
0 0 53" 28 25- -103
0 0 l;-‘53 -28 25 -78
0 0 53 0 53 -25
0 0 453 ) 53 28
0 0 53 0 53 81
0 0 53 0 53 134
0- 0 33 0 53 186
o 0 53 0 53 239
0 0 53 0 53 292
0 - 0. 53 0 53 i 348
v 0 53 0 53 » 398
0 0 53 0 53 . 451
0 0 53 0 53 504
0 a 53 0 53 556
0 0 53 0 53 - 609
0 i 53 0 53. 662
34 0 53 0 . 87 ©740
52 0 48 6§ 100 ga9
52 0 40 0 92 941
52 0 32 0 B4 1025
32 0 24 0 76 1102
52 0 16 0 69 1170
52 5 9 0 66 1236
ROE = 18.9%

Table 4.18
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CASE 8a
SURCHARGE; NEW ITC TAX LAW, ITC PAS
CONSUMERS, TAKEN AGAINST COMPANY TAXES

SED 10

CASH FLOW | CURULATIVE

£

1 |YEAR '?%3%'5;}’ WORKiNG_CAPITAL  PROFIT ITEL LT0 EauiTY § CASH FIOM.
L | 28 0 11 -14 -14
-3 55§ ¢ 2% -25 -39
2 | -0 0 21 44 45 -85
-1 . .-38 -4 33 22 | -4 89

1 | -1 -1 g =22 0 -89
2 -15 0 40 - -22 3 -85
3 o Yo 42 . -28 15 ~71
0 0 e 42 -28 15 -56
5 - 0 42 0 "42 -13
6 0 0 42 o 42 29
7 0. 0 42 3 42 71
9 0 o 42 0o | 42 114
g 0- 0 © 42 0 42 156
i0 o 0 42 o a2 198
11 o 0 42 0 42 241
A2 0 o 42 0 42 283,
13 o o '} 0 42 325
. 1t 0 0 42 0 42 368
15 0 . 2 42 .0 42 410
16 0 0 42 0 42, 452
17 ‘0 a 42 0 42 495
18 0 0 a2 0 az 537
19 10 0 42 D 52 590
20 45 0 a1 0 85 675
21 45 a 34 o 79 753
22 45 0 23 0 72 825
73 a5 0 21 vj 65 .891‘
2“ 45 0- 14 0 59 949
c 45 5 7 0 57 1007
ROE = 20,1%
Table 4.19 '
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SPECIAL CASE
B EQUITY CASH FLOM 1} CUMULATIVE
YEAR | INVEST _ WORKING CAPITAL PROETT _ 3TC 70 Fopity |, CASH ELO!
~l ~11 o i3 -7 -7
-3 n22 -0 3 14 -5 -12
-2 -44 0 8 41 6 -7
-1 -22 -4 13 i 28" 21
1 1 <163 -1 ‘38 6 | -120 -99
2 -15 0 40 6 31 89
3 0 0 42 0 42 . -26
i 0 0 42 0 a2 16
5 0 0 42 0 42 58
6 ¢ 0 4z 0 42 101
' 7 0 0 42 o a2 143
8 o 0 a2 0 42 185
9 0 0 42 0 42 © 228
10 0 0 42 0 42 270
i 11 0 0 42 0 42 312
12 0 0 42 0 42 355
13 0 0 42 0 42 397
- 14 o 0 42 0 42 419
1 15 0 0 42 0 42 482
16 0 ¢ 42 0 a2 524
7 .0 0 42 0 2 566
18 0 0 32 0 32 609
19 . 10 0 K 42 i 52 " 661
20 45 0 10 0 8BS 746
3 21 45 0 34 0 79 825 .
22 45 0 28 0 72 897
23 45 0 Al 0 65 | 982
24 45 0 14 0 59 1021
g 45 5 7 ) 57 © 1078
Table 4.21 " ROE = 35.8%
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SPECIAL CASE, NEW [TC TAX LAW

Table 4.22

s

EQUITY ¢ 4 ‘ CASH FLOW | CUMULATIVE
YEAR | INVEST / WORKING CAPITAL PROFIT  ITC {TD EQUITY CASH FLOW
- -11 0 1 11 1 1
-3 -22 o 22 3 4
-2 -44 0 44 8 12
-1 -22 -4 13 22 g 21
1 =163 -1 38 6| -120 -93
2 ~15 a 40 6 31 —639
3 0 0 42 0 12 -26
h 0 o 42 0 52 16
Y 4] Q0 42 0 a2 58
B 0 0 42 0 42 101
7 o 0 42 0 42 143
g8 -0 0 42 0 42 185
0 0 0 42 ¢ 42 228
10 0 0. 42 0 42 270
11 0 0 42 ) 42 312
12 0 0 42 o 42 355
13 D 0 42 0 42 397
14 0 o az o 42 439
15 0 0 42 0 42 482
16 0 0 a2 o az 524
17 0 0 42 0 4z 566
3 0 0 42 o 42 609
19 10 0 42 0 52 661
20 45 0 40 0 85 7486
21 45 0 34 0 79 825
29 45 o 28 0 - 72 897
7% 45 0 21 0 65 062
21 45 0 14 o 59 1021
75 45 5 ? 0 57 1078
ROE = C4,0%



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 cests and prices used in this report do not corres-
pond directly with the conventional usage of the term. Most other studies .
neglect the inflation effects altogether when calculacing 1975 dollar numbers.
These other srudies take capital cost and operating:busts in 1975 dollars,
allocate them over time, and discount them to yield the present value cost
4n 1975 dollars. If the discount rates used by other studles are the same
as ours, and ié the constant dollar capiﬁal and operating costs are equal,
the inflarion/deflation methed we use will result in lower costs im our
report, l

Again, a detailed example will help In undesstanding the issues.
The example is based on the base case of the previous suthsections. Assume
that all previous base case nurhers are current 1975 dollars. Inflation
is 5% per year. The seven categories of charges for cost of service will
be discussed, for the fifth year of gas production.

The operating and maintenance cost is $170M in 1975 dollars. The
construction peried is four years long, SO that nine years of inflation
must be Factored in ro produce the current dollar O&M cost in the fifti

year of operation. The calcularion yields

€1.05)7 x 170 = $264M

To caiculate the interest, return to equity, and tax charges, it is
necessary -to loock at the tate base. The following converts the capital

spending from constant te current dollars:

Year ~b -3 -2 -1 1 2
Spending, 1975 $M 110 220 440 220 55 55
Year -4 =3 -2 =1 1 2
Inflator 1.05 1.10 1.16 1.22 1.28 1.34

Spending, current SM 116 242 509 267 70 74
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