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To benchmark these  numbers a g a i n s t  ano the r  s c e n a r i o ,  we have com- 

puted the  change in  cbusumers'  s u r p l u s  f o r  the "cheap SNG" case  used in 

the ERDA F o s s i l  Energy P r i o r i t t z a t i o n  s t udy .  In  tha t  s t u d y ;  the  same 

base., case was compared to  a case in which first generation coal gasiflcatlon 

economies were left'unchanged. However, second generation coal gasification 

c a p i t a l  ~nd o p e r a t i q g  c o s t s  were d e c r e a s e d  by 30%; hydrogen,  me thano l ,  and 

other technologiesbased on gasification were decreased by 15%, and the 

., long run economlcs..'of integrated low Btu 8asifiCation/='omblned cycle facil- 
ities were decreased by 15%. These changes are much larger than the changes 

assumed in the commercialization scenario and should lead to much more 

significant changes in consumers' surplus, Table 4.46 illustra~es the same 

calculations for the base case relative to the "cheap SNG" case that we 

illustrated above for the base case relative to the early SNG case. No~e 

in the cheap SNG case that the net present change in consumers' surplus 

exceeds that in the early SNG case by ~bou~ a factor of 20. Thus, it is 

interesting to note that any alternative that can actually decrease the 

long run economics of second generation coal gasification technologies 

pays significantly more benefits than an option which merely accelerates 

the availability of those technologies under base case assumptions. It 

bears repeating that neither of these scenarios represents the long run 

beneflts, o£ commerclal de~onstratlon. They are simply hyopthetical 

scenarios which are potential outcomes of commercial demonstration. 

PRODUCERS' SURPLUS ~". 

Turning now to producers' surplus, we have assumed for the purposes 

of illustrating the change in producers' surplus that surplus benefits 

to foreign producers are included n~Ither as a cost nor as a beneflc of 

the program. Although this assumption is not necessarily correct, the 

method by which foreign producers' s u r p l u s i s  calculated by the model i s  

a ve ry  c rude  approximat ion  to  the  supply/deraand ba lance  in.  the  wor ld .  

Hence, t h a t  number would be q u e s t i o n a b l e ,  r e g a r d l e s s .  Table  4 .47  c o n t a i n s  

the O.S. p r o d u c e r s '  surp lus  in  the base  ca se  and in the e a r l y  SNG case .  

The numbers c o n t a i n e d  in  thac  t a b l e  a r e  annual  f i g u r e s  in  b i l l i o n s  o f  

d o l l a r s  pe r  ~ e a r  summed ac ross  a l l  p r o d u c t i o n  of  pr imary r e s o u r c e s  i n  
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TABLE 4 .46  

Change in Consumers' Surplus 

Cheap SNG Case Relative to Base Case 

(Net Present Value at. 10%; Billions of 1975 Dollars) 

• ::'" 

Change in Consumers' Surplus 
$43.3 8~lllon 

-L 
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the Lower Forty-elght and Alaska. Calculations similar to the ones 

described earlier are made for each primary resource Snthe U.S. and 

accumulated by the model during the final i=eratlon. Because certain 

of the resources are the most difficult aspects of the model to converge 

(resources having very steep~upply curves), the accuracy of this calcu- 

latlon is very much dependent on the degree of convergence o£ the model. 

As we noted above, our goal in computing these hypothetical cases was not 

to converge the: model to an extremely fine level. Therefore, the U.S. 

producers' surplus indicated in Table 4.47 should be regarded as very 

approximate. Using these numbers, we subtract the U.S. producers t surplus 

in the base case from that in the early SNG case to get the annual change 

In producers' surplus under thls early SNG scenario. Finding the'intra- 

perlod net present value of the annual producers' surplus, and then dis- 

counting these to the base year of 1977, one arrives at a flgure of 

-$1.2 billio:~, which was indicated in ~he Executive Summary. Even though 

:~thls change in producers' surplus is approximate, it is encouraging =hat 

the direction o£ this change appears correct. As a technology is made 

more attractive, one expects the producers of depletable resources to 

extract less rent, and thus the producers' surplus should decline. To 

illustrate an extreme case, suppose that ~oday's producers of natural gas 

knew that advanced synthetic ga s could be produced at, say, $2.00/}~IBtu 

by the year 1985. Their propensity =o withhold production of their gas, 

waiting for higher prices~ would certainly be lessened knowing that they 

may not be able tO compete with that $2.00 gas once it is available. 

Therefore, they are likely to sell today's gas at slightly cheaper rates. 

The producers w surplus and economic surplus calculatlons for the early 

SNG case are su,~arized in Table 4.48. 

LONG RUN E~IRONMENTAL IMPACTS 

The SRI National Energy Model ~ncludes a submodel that calculates 

environmental residuals in each of nine demand regions and thirty supply 

regions in the country. The residuals accounted for are: 

S0 x e~dssions 

NO e m i s s i o n s  
X 

CO emissions 

HC emissions 
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Change in Consumers' and Producers' Surplus 

Cheap SNG Case Relative to~ase Ca~e 

(Net Present Value at IOZ; Billions of 1975 Dollars) 

Change in Consumer's Surplus 

Change in Produce=s' Surplus 

Change in Economic Surplus 

$43=3 

--17.7 

2 5 . 6  
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Particulates emitted - 
a 

Aldehydes emitted 

Shale waste production 

Non-shale fossil fuel waste production 

Radioactlve waste production 

Land requirements 

Water requirements 

~he first six pollu~ants are air pollutants and the remainder involve 

solid and liquid waste products or resource requirements. The water 

pollutants output from the local model are aggregated in non-shale fossil 

fuel waste production. We will briefly discuss the methodology used to 

keep track of each environmental rcsldual in each region. 

Suppose for every technology we know t)ie following information: 

Ib SOx/MMBtu Output 

ib NOx/M~mtu Output ,~ 

...~ 

acre-ft water required/MMBtu Output 
• ~ 

That is, we know the emission rate per MMBtu~,o£ output for every residual 

and every technology. Figure 4.38 illustrates for the case of electrlc 

power generation £rom coal. If we know the power generated over time, we 

can easily calculate the quantity of each pollutant and the water require- 

ments over time as a result of electric power generation using this tech- 

nology. These emlsslon rates are input for all elements of the national 

energy system. Figure 4.39 shows part of the energy model network, and 

the residual production associated with it. 

Adding the pollution rates by pollutant type and the resource re- 

quirements over all techuologles in a r~eglon, we obtain the regional time 

and resource requirement over time. 
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Suppose we plot SO emissions over time in the local coal-producing 
x 

region in which the commercial gas plant will be located and in the demand 

region where the gas from the plant will be consumed in both the bid 

acceptance and rejection cases. We might expect to see plots such as 

those in Figure 4.40 in which SO x emissions increase in the coal region 

near the plant, but decrease in the demand region as a result oE burning 

the clean synthetic gas rather than some less clean fuel. Clearly, we 

need a self-consistent way of calculating such curves. 

The SRI National Energy Model has been modified to explleitly calcu- 

late regions1 production of the eleven residuals listed above in a way 

that is consistent with the economic effects discussed in theprevious 

section. The model calculates a supply/demand b~lance and then calculates 

regional residual projections consistent with the reglonal supply/demand 

balance. It is important to note that simulating diclsion making by each 

economlc agent (oil producers~ auto owners, utility executives, ere.), 

the model assumes that decision makers ln_~ local environmental residual 

production in selecting among fuel types. That is, residual levels are 

not endogenized into ~he submodels that simulate decision making. The 

residual model used in this study~ then, Is merely an "accounting" model 

that computes residuals on a regional basis. The assumption that residual 

levels do not enter into individual decislonmaklng may impalr the model's 

pz~dlctlve capability In scenarios ~hi~re the level of at least one undesir- 

able residual is high in some region of the country. 

BASE CASE RESULTS - LONG R~ ENVIRO~dENTAL IMPACTS 

The environmental re~Idualsubmodel oE the SRI National Energy Model 

has been run for the basecase. To calculate the impact  of the program, 

it is necessary to see the change in emissions when the base case is com- 

pared with an energy model run wi~h no program. The base case for this 

analysis assumes that a commercialization program is successful in acceler- 

ating the availability of synthetic natural gas (both first and second 

generation) and allied technologies such as  the production of methanol 
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from coal. Qualitatively this reduces the price of SNG in the early 

years of technology availability. These years are the early 1990's. 

This price reduction improves the competitive position of high Btu gas 

~rom coal, which causes an increase in market share. Thus, activity 

should increase in the producing regions for coal gasification and 

pollutlonmay he reduced in the demand region if SNG displaces other 

sterE7 sources. 

The Powd6E River Basin in Wyoming has one of the world's largest 

coal deposits. Under SIIG acceleration, energy production increases in 

the area in the early 1990's; SNG output is 2.2 quads in 1994 with a 

commercialization p~og~am, and .3 quads in 1994 without one. Thus, air 

pollution should increase as a consequence. Table 4.49 shows the tons of 

air pollution emissions associated with energy production in the Powder 

R=ver Basin in 1996. All of the residuals increase, and with the largest 

change in nitrogen oxides, an emission associated with coal gasification. 

Much of the SNC produced in the Powder River Basin is transported 

to the North East Central demand region, a geographic area that includes 

the Midwestern Great Lakes states and the major cities of Chlcago, Detroit, 

and Cleveland. In 1994 this area receives i.I quads of SNG when the 

technology availability is accelerated, versus only .2 quads ~ithout a 

program. While the SNG partially dlsplaces high Btu gas from other 

sources, the market share for gas increases, displacing other fuels which 

p~oduce higher emissions. Ta~!e ~.50 sh-~-- ~he ton~ of sir po!!utsnts in 

the demand region caused b7 the end use demand for energy. Notlce that 

the increases are in parenthesis, denot ing negative numbers, or decreases, 

in the air pollution quantities. The significant reductions are in par- 

ticulates, nitrogen oxides, and sulfur oxides, three emissions not associ- 

ated with clean-burnlng h~gh Btu gas. Other residual levels are essentially 

unchanged. 

The above discussion has looked at some speclflc reslduals at a point 

in time in two geographic areas. The complete set o£ lane run environ- 

mental impacts is a very complex list: eleven residuals for thlrty-nlne 

demand and resource regions for each of fifty years. The dimensionslity 
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o f  such an outcome surpasses the capacity o f  the human mind.- Causal e x -  

p l a n a t i o n  of changes related t o  t h e  increased at~ractlveness of coal- 

synthetic technologies is also dlffieult. Thus, we will present a summary 

figure that is more manageable. The previously discussed Figure 4.1 shows 

that the models produce outcomes, which are valued in dollar units by the 

Social Value Model. Detailed discussion of this model is contained in 

a following section, ~.3.0. Amtlcipating the reader's more complete 

uuderstandlng of the process, We will utilize the Social Value Model's 

ability to map a complex, multl-dlmenslonal outcome into a slnEle measure, 

the present value in dollars. The results of such a process are the total 

energy system environmental residual present value in millions of 1977 

dollars: 

No Program 

SNG Acceleratlou 

$ 54,224 M 

54,474 M 

I n c r e a s e  $250 M 

That is~ a synthetic fuels commercialization program results in an increase 

in the value o£ environmental emissions. This result illustra~es a power- 

ful feature of the SRI National EnerEy Model. By considering the complex 

nature of interfuel eompetltion, secondary effects in the energy markets 

are incorporated into the analysis; these effects can change the magni- 

tude, and even the sign, of a result. The primary results are indicated 

by the residuals in the Powder River Basin and the North East Central 

demand region in 1994. The secondary effects are a result of sbpply 

equaling demand in all energy markets, for all regions, over the whole 

flfty-year time horizon. An example of such a secondary effect is shown 

in Figure 4.41, which depicts the imports of natural gas with and without 

a synthetic fuels commerclallzation program. The Increased competitive 

advantage of SNG decreases the marke~ share held by imported natural gas. 

This has environmental consequences. The production of SNG has residual 

emlsslons not associated with imported gas. In fact; the environmental 

"'.'i "! 
1 

t 

J 191 

L 



; .4 
c~  

r ~  

¢.0 ,= 

I. i  I., 
I ~  rid 

Q 
0 I-I 

' •  
I | | 

0 ¢em 0 o' ' 
I ~  t i t  ¢'4 

192 
lg2 

o 

. ¢7  
0 

...4 
0 

pj~ 

¢0 

0 .  
cO 

p -  

0 

i 

D 

r 
.E  



I , 

I 

cost of imports is zero, for that cost is borne by the forelg~ producing 

country. The sum total of all these secondary environmental effects com- 

bines with the primary results to yield the $250 million increase in 

environmental cost w'l~h a synthetic fuels cum~erciallzatlonprogram. 

SOCIOECONOMIC E~ECTS 
A detailed local socioeconomic model has been consurucEed for this 

analysis. ~is model was discussed in Section ~.i.3. To account for the 

cumulaEive long term effects as many plants develop in the supply'regions, 

the local model Is driven by the SRI National Energy Model. We have assumed 

that socloeconomlc effects are negligible in the demand regions. The 

impact of increased population in the resource regions is include~with 

the environmental residual results. 

4.3.0 SOCIAL VALUE MODEL 

At this point i n the report, we have completely discussed the struc- 

tural model which describes all the Intersctlons resulting from a decision 

to commercialize a coal gasification technology. The form of the model is 

summarized in Fieure 4~1~ which is reproduced as Figure 4".42a. It is a 
-,. - .- . • .. • , . 

synthesis of the local, short term model and the reeional and national, 

long term SRI National Energy Model. The outcomes from these ~iodels answer 

The question of what happens as the result of any particular ~ecision. 

To evaluate the deslrability of any particular set of outcomes and hence 

the correspondlnE decision, value judgments must be applied to the outcomes. 

This is ~he purpose of the social value model. In this section, we~rill 

discuss the rationale [or choosln8 ~he outcome variables and then the con- 

cepuunl basis for the social value model. Finally, we will describe the 

specific value Jud~nents applied to the outcomes in the base case anaulyais~ 

OUTCOMES 

The outcomes represent the variables thac ERDA Office of Commercial- 

Izationmoni~ors when ~mking commercial plant selections. The particular 

outcomes chosen depend on how the Office of Commercialization views the 

purposes of~ts programs. In identifying outcome variables we have assumed 
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t h a t  the  O f f i c e  i s  guided by the f o l l o w i n g  b r o a d l y  s t a t e d  g o a l s .  

Programs s u p p o r t e d  by the  O f f i c e  of  C o ~ e r c l a l l z a t l o n  shou ld  h e l p  to  

i .  P rov ide  f o r  t he  m a t e r i a l  w e l l - b e l n g  of  eh& c i t i z e n s  

o f  the Uni ted  S t a t e s ;  

2. Seek e q u i t a b l e  r e s o u r c e  d i s t r i b u t i o n ;  

3. Encourage the  w i se  use o f  n a t u r a l  r e s o u r c e s ;  

4. !nsure beneficial socioeconomic impacts; 

5. Promote energy independence o f  the United 

States, while they . 

6. Hinimlze the cost of such pr'oErams to the 
government. 

The outcome variables are the specific measurable quantltles that':~eserlbe 

how well programs are performing with respect to these"general goals. We 

will, briefly summarize how the variables we have previously Identiflc~... 

fit ~nto this framework. 

.MATERIAL ~LL-BEING 

The primary measure of material well-being is the economic cost or 

benefit of the program measured by the ehanse in economic surplus. As 

described in the last section, economic surplus is a complex £unctlon of 

the quantlty and prlce of ~he gas produced. 

Other variables that reflect directly on the materlal well-hein E of 

people are whether their lives are safe and whether they have adequate 

shelter. Thus the amount':of excess housing ~n the producing area and ~he 

number of deaths in ~he~Ine are important outcome variables. 

EQUITABLE RESOURCE DISTRIBUTION 

Tu measure how equiKable the resourcedistribution is, all outcomes 

are calculated as a function of the region of the country affected. Thus 

the change in economic surplus is calculated as a function of both the 

producing reglons and the demand regions . 

WISE USE OF NATURAL RESOU~C~ :. 

Environmental impacts are monltored extensively in the model. The 

air pollution, water pollution, land disruption, and water usage outcomes 

are all measures of how the natural resources are belng used and how the 

environment is being affected by any particular decision. 

• • -  : . .  
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SOCIOECONOMIC IMPACTS 

The variables that monitor the socioeconomic impac~.s of Easlfi- 
~h 

eatlon decisions are the excess social infrastructure, tli~e excess social 

maintenance, and the population increase, all measured ix~ the produclnE 
tr 

resi0n. The population increase is a measure of the imp~i'ct o£ the plant 

on the lifestyle of the people who would llve in the areE~ if there were 
~,, t' 

no plant, li. 
.I 

PROMOTE ENERGY INDEPENDENCE i 1 

The Eoal of promotin8 eneray independence is very important for the 

declslon of whether or not to have a synthet';c fuels program° However, 

once the decision is made to have a proaram , as is ~he caJ# of synthetic 

fuels, eneray independence is no lonaer critical to selec!tlon between 

bids. Thus, in building a framework ~o evaluate coal gasification pro- 

posals, w e  have not included any outcome variables to monitor proaress 

with respec~ ~o this goal. 

COST TO GOVERNMENT 

The cost of government outcome measures how well programs are per- 

forming with respect to mlnimlzinE the cost to Euvernement. 

Table 4.51 summarlzes all of the outcomes that are input to the social 

value model. Notice that all outcomes are evaluated yearly and some are 

evaluated as a function of realon. 

PEEFERENCE TRADEOFFS 

On first thought, the Office of Commercialization miEht Cry to mln~- 
/ 

mtze a l l  the co.~t~ and maximize a l l  the benef i ts  in choosing a coati gasi-  
• " 'A  

flea,ion piano or plants to support. Unfo.rtuuacely, this is physically 

impossible. If one were to seek to minimize environmen~al emissions, 

potentially drlvln~ them to zero, capital costs and hence economic cost 

w o u l d  skyrocket. ~n this declslon, as in almost all decisions, a balance 

must be established, tradeoffs must be made. 

Preference nradeoffs express in expllelt terms how much of one outcome 

the decision maker is willin 8 to give up to obtain another unit of some 

other outcome. For example, consider the emission of S0 x by a potential 

i 
i 
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Malarial Wel1--Beln~ 

economic cost (~hange in soc~a~ surplus) (S/year) by region 
occupatlonal:deaths (deaths/year) in producing region 
excess houslng (unlts/year) in p~oducin s r e s i o n  

Wise Use of Natural Resources 

AIT Pollution 

particulates (tons/year) by. reglon 
NOx (tons/year) by region 
SOx (tons/year) by region 
hydrocarbons (tons/year) by region 
CO (tons/year) -bY:erich 
aldehydes (co-~s/year) by region 

~ater Pollution 

dissolved solids (cons/year) by region 
suspended solids (tons/year) by region 
organics (tons/year) by region 

Water Usage 

~sage (acre-feet/year) ~n producing region 

Land Disruptio n 

reclaimed land (acres) In producing ~eEion 
disrupted land (acres/year) in producln E region 

Socloecon6mic Impacts 

exc~s social infrasCructdre (S/year) inproducing reEion 
excess social malntenance (S/year) in producin E region 
population increase (people/ysar) in p:oduciu8 region 

Cost t o  Government 

c o s t  to  f e d e r a l  goverr .nent  (S /year )  

S~h~RY OF OUTCOME V,~RIABLES 

Table 4.51. 
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gaslfi=atlon plant. The tradeoff on the sulfur oxides outcome would 

express how much the decision maker would be willlng to increase economic 

cost to reduce hy one ton the sulfur oxides emitted. For example, the 

tradenff mlgh~ be given by 
$ 

Preference Tradeoff (SO x to Economic Cost) = 180 to, SO 
x 

which indicates that the decision maker would be willing to incur a cost 

of $180.00 to reducs sulfur oxide emissions by one ton. 

Conceptually, preference tradeoffs can be thought about in terms of 

indifference curves as shown in Fisure 4.42b. Any particular combination 

of the two outcome variables3 economic cost and sulfur oxide emissions, 

is a point such as X1, (3000 ton/year SOx, $I00 x 106/year cost). Ali 

the points on the same curve as X I are indifferent to X I. Similarly, 

all pod.ors on any other IndiEference curve are indifferent to each other. 

If we £hlnk of the indifference curves as defining the contours of an 

indifference map, then more preferred points lie :'up the preference hill" 

to the lower left hand corner. This merely indicates that the decision 

maker ~refers less sulfur oxide emissions and less cost. 

If a particular outcome Is obtained, then the preference tradeoff 

is just equal to minus =he slope of the indlfferenc8 curve through uhac 

point. Notice that in general, the preference tradeoffs change with the 

outcome. At X 2 Ehe emissions are relatively lower end the costs are rela- 

tively higher, and the  preference tradeoff is smaller. Since emissions 

are already low, the decision maker is willing to incur less cost to reduce 

emissions by one ton. This change in preference tradeoff with outcome is 

an important factor that must he monitored; however, in evaluating any 

Partlcular decision it is often not important. This is because the out- 

comes like SO x emissions are measured agalnst a background of emissions 

from other sources and the new emlsslons make only a relatively small incre- 

mental impact. Thus it is important in assessing the decision maker's 

preference tradeoffs to assess them with respe6t to a specific operating 

point. 

,r 
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.~.~' To express the subJe==£ve values or preferences of the decision 

!~..~.er, we need =o specify tradeo£fs for each of the outcome variables. 

Each 6~"~hese tradeoffs can be expressed in ~erms of a common reference 

outcome s~ch as economlc cost. If we have a total of N outcome variables, 

we have to specify (N-l) ~radeoff ratlos, Wi~h ~hese tradeoffs, we can 

conver~ any see Of outcome varlables resultlng ~rom a particular decislon 

=o a measure  o£ t h e  e q u i v a l e n t  economic  c o s t ,  

Equivalent Economic Cost " 

t~here 

PTkN ffi preference tradeo££ of outcome k into the reference 

outcome N (assumed to he economic cost) 

The equivalent economic cost is a measure of the overall desirability of 

a particular declslon reflecting the decision makers' subjective values 

and preferences. 

PREFERENCE TRADEOFFVALUES 

For evaluanlug the ~ase case defined in previous sections of the 

report, we have assigned preference tradeoffs to each of the..Outcomes 

listed in Table 4.51. These tradeof~s do not reprssen= assessments of 

ERD~ personnel, but rather are SILl estlmates based on the rationales 

described in the following paragraphs. The sensitivity of gasification 

declslons'to changes in ~hese tradeoffs is discussed in the next section 

of the report, 

MATERIAL ..WELL-BEING 

As discussed in the last seetlon, economic cost is taken as the 

reference outcome so that its tradeoff is one by definition. 

Based on recent work by R. A. Howard of Stanford University, a trade- 

off of one million dollars is assigned to every human life lost. 

Excess housing measures the units of housing that are provided over 

the requlred, or desired, figure. That is, if excess housing is -60 units, 

~he =own is 60 houses short of providing the desired level of dwelling 

unlts. There is a cost associated with excess housing when there is a 

- ." : 2 0 0  
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housln 8 shortage; extra houses provided produce neither costs nor 

benefits. Where there is a housing sho~age, the preference tradeoff 

is given by minus ten percent times the value of a house, $25,000/house. 

The ten percent is made up of eight percent for the capital charge and 

two percent £or the services associated with the capital. The eight 

percent assumes that a dollar of housing provides eigh= cents of housing 

~lue. The two percent ~ndicates that the house provides the occupants 

~ith the opportunity re do two cents ~ worth of ~ervlce ac~Ivlty for every 

dollar of housin 8. 

AIR ~OLLUTION 

The following air pollutlon tradeoffs are used: 

PollutanL Tradeoff in S/Ton 

Particulates 20 

NO x 60 

SO 180 X 

Hydrocarbons 60 

CO 20 

Aldehydes 60 

A detailed study was sponsored by the National Academy of Sciences to 

e~timate the cost of a unit of sulfur oxides output. A plant 500 miles 

from a city was studied. After considering chemical reactions and weather 

patterns, the concentration of sulfur compounds can ba calculated. Next, 

the total cost of the emission was calculated, including health problems, 

damage to materials, aesthetic costs, and the cost of acid rain. The 

resulting tradeoff value is used in this report. A similar study, under- 

taken by Stanford Research Institute~ provided the preference tradeoff 

for the oxides of nitrogen. It was felt that the adverse effects of 

hydrocarbons and aldehydes are similar in magnltude to those from nitro- 

&an oxldes. Particulates and carbon monoxides were assessed as having 

lesser impacts. (While particulates are though~ to be highly correlated 

with health damage, the particulates seem to require the presence of other 
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air pollutants t o  cause health problems.) 

WATER POLLUTION 

The water pollutlon tradeoff values used are: 

Pollutant T r a d e o f f  in S/Ton 

Dissolved Solids 120 

Suspended Sol ids 120 

Organlcs 400 

These  c r a d e o f f s  a r e  t w i c e  t h e  t r a d e o f f  v a l u e s  f o r  s i m i l a r  a i r  p o l l u t a n t s .  

The h i g h e r  v a l u e  r e f l e c t s  t h e  g r e a t e r  c o n c e n t r a t l o n  and concalnmenc fo r  

ehe water medium. 

WATER USAGE 

The economic  v a l u e  o f  t h e  w a t e r  i s  i n c l u d e d  i n  t h e  p l a n t  o p e r a t i n 8  

c o s t .  The w a t e r  used  w i l l  d e c r e a s e  t h e  r e c r e a t i o n a l  and a e s t h e t i c  value  

o f  t h e  water b o d i e s  f r 0 m w h i c h  i t  i s  t a k e n ,  The w a t e r  r emoved  i s  va lued  

a t  i t s  c o s t  f o r  a e s t h e t i c  and r e c r e a t i o n a l  v a l u e .  I t  i s  a ssumed t h a t  the 

economic  v a l u e  i s  an uppe r  bound ,  f o r  r e c r e a t i o n a l  u s e r s  and  v i e w e r s  

c o u l d  p u r c h a s e  t h e  w a t e r  on t h e  open m a r k e t  and r e p l a c e  I t  i f  d e s i r e d .  

The economic  v a l u e  i s  $200 p e r  a c r e - f o o t .  

1AND DISRUPTION ~, 

There are two classes of costs ~nd benefits assoclaced with land dis- 

ruption. First, the disrupted land ~s not considered aesthetically 

pleasan~ and a tradeoff of $1,000 pe~ acre is assumed. Second, the land 

disrupted could be used in productive activity. After the land is reclaimed, 

it will again he able to sustain agricultural activity, which can be of 

greater or lesser productivity. The agricultural opportunity cost is $i00 

per acre before reclamation. After reclamation, the land is slightly more 

productive, with a productive value of $120 per acre. 

SOCIOECONOMIC DWACTS 

The excess social infrastructure is handled in a similar manner to 

the excess housing. The tradeoff on the excess infrastructure Is mlnus 

flfteen percent. The fifteen percent is made up of ten percent of capital 
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?RE~EP~,:C£TI~EOFFS: 

1 
~liO00,O00/dcath 

-$2,SO0/un~c 

$20/con 
$~Olcon 

$180/con 
~601Con 
$201Coa 
$601con 

$1201Con 
Ql2OlCoa 

$200/accc-£ooc 

-$201acre :...:' .... 
$1100/aere : :  

....~ 
• ." . . :  .C - " :  

,T-Z,l~; .::.': 

Off1"CO~: 

Hatert~l UeIL-SHn~ 

economic co~t (change ~n sDcfal surplus) iS/year) by regt~n 
occup~Ctona~ de=Ch~ (deaths/year) in producLng region 
excc~ housing (units/year) in  producing reg£on 

W£s~ V~e of Natural ReSourcns 

Air PoZlug~on 

patt~cuXaCcs (tons/year) by ve&xon 
(cons/year) by reg£on 

SOx (cons/year) bfrogCon 
hydrocarbons (Cons/year) by ro~on 
CO (ton=/year) by ~eg£on 
aldehyde~ (tonslyoac) by region 

gatn~ Pollution 
t 

suspended solids (cons/year) ~y region 
organics (cons/yCac) by region 

Watc¢ Usage 
I 

,usaSs C~cce-feGc/year) £n producing reg£on 

xecla:imsd land (acre,O ~,n produc~nc res£on 
disrupted land (acres/year) £n producing region 

° 

Socioec~nom~-c Impacts 

%~¢~ss social'~n~;asCrue=uee C$/~eac) ~n p;oduc~ng re~ot~ 
excess socia l  ma~nCenancn (S/year) in produ¢£:~ reglon 
population increase (people/year) in produe£ng rog£on 

Cost to GovornmonC "," 

eoG¢ ¢o gcdcral go~e~enc-($/yeor) 

5UH:f, VAY OF VALUES 0'-" P~,F.FI~IIE.~CE TRADF.uFF$ 

~LK 4 . 5 2  
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c h a r g e ,  and f i v e  p e r c e n t  o~ s e r v i c e s  t h a t  would be  a s s o c i a t e d  wi th  the  

c a p i t a l .  The t r a d e o f f  on e x c e s s  maintenance, i s  minus one.  This  j u s t  

means that a dollar shortfall in malntalning the  social infrastructure 

is equivalent to a dollar of economic cost. 

The preference tradeoff assigned to the population increase in the 

producing region is $500 per person. This represents the "change in 

lifestyle" cost incurred by the introduction of the plant. The cost of 

every person introduced into the producing region who would not have been 

there without the plant is $500 per person. 

COST TO GOVERNMENT 

The numerous categories of cost to government -- excluding govern- 

ment transfer payments -- are summed to yield a yearly dollar figure. 

The preference tradeoff on this figure is une, indicating t h a t  a dollar 

of government cost is valued at the equivalent of a dollar of economic 

cosu. Transfer payments are excluded since they represent transfers of 

funds between members of society and are thus not a net cost or benefit. 

TIME PREFERENCE 

The above tradeoffs allow the calculation of a dollar cost or benefit 

for each year of the gasif±catlon project. In order to take into account 

time preferenne, also called the time value of money, the dollar flows 

are dlseounted to provide a discounted present value. The discount rate 

used in ten percent, reflecting direction from the Office of Management 

and The Budget. 

Table 4.52 is a summary of the preference tradeoffs assigned to each 

outcome variable. At present there is no differentiation in the tradeoffs 

assigned to the different regional outcomes. 

4.4.0 SUMMARY DISCUSSION OF THE BASE CASE 

Each previous part of Section 4 has discussed in detail an aspect of 

the bid evaluation framework. The discussion of each topic has included 

the assumptions, the results~ and some ~mportant sensitivities. This 

section will 8ummarlze the preceding. There are three parts: 

I. The major assumptions 

2. Summary of the outcomes 

3. Summary of the valued outcomes 
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4.4.1 MA~k'ASSUMPTION~ 

The major assumptions defining t h e  base case are best understood 

when viewing the decision tree structuring this analysis, Figure 3.2, 

reproduced as Figure 4.43. Node 1 shows the bid acceptance decision of 

ERDA; we assume that a 250MM Scf/streu~ day Lurgl Plant is built. Node 

2 shows the first plant outcomes; we assume that the first Lurgl plant 

is a success and produces gas at an average price of $3.18iMcf. While 

it is possible .to conceive of a lower cost plant, the potential is probably 

greater for increased cost of gas. Nodes 3 and 4 show that the first 

plant produces knowledge about flrsu and ~econd generation coal gas~fi- 

catlun; we assume significant learning on first generation production 

methods, The 1985 import price uncertalnty is represented by Node 5; 

we assume that the OPEC cartel is strong, and that a high price for imported 

oII p r o v i d e s  a strong economic incentlve for domestlc energy prnductlon. 

~odes 6, 7, and 8 show the reactions of the government regulators, the. ' 

finanelal community, and the utility industry; we assume that these groups 

act so as not to Inhlh~ the 8rowth of a large SNG Industry. Nodes 9 and 

i0 represent the conditlnns in the markets for enerEy when a coal gas~fl- 

cation industry could be in place| we assume that ~hese markets, includlng 

the status of ~he OPEC cartel, are favorable to a synthetics industry. 

These general assumptions are complemented by the detailed assumptions 

contained in the previous parts of Se~tlon 4, Remember-that this is just 

one of the possible paths through thedecislon tree; actual policy decisions 

would have to be based on the likelihood and consequences of taklngmany 
similar paths. 

4.4.2 BASE CASE OUTCOME S~y 

The fii~st commercial Lurgl plant produces a trajectory of gas prices 

over time, contained ~nTsble 4.24, and reproduced as Table 4.53. These 

gas prices are hlgh in relation to those of competing gas supplies, and 

this difference causes a loss of $526 m~lllon in consumer surplus because 
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of the first commercial plant. The plant is built in a remote area. 

The base case town has 5000 citizens Before the plant is built." The 

gasification activity disrupts the local community, creating an In-- 

crease in population and shortages of social services and housing. 

This is shown in FiEure 4.19, reproduced ~s Fisure 4.44. The plant 

causes an increase in environmental resldu~Is in the local area; the 

yearly emissions at full stream factor are shown in Table 4.54. The 

government incurs minor costs because of the first commercial Lurgl 

plann. The yearly amounts are listed in Table 4.32, reproduced as 

Table 4.55. 

The commerclallzatlon program has two major long term outcomes. 

The availabi!ity of first generation gasification technology is accelerated 

by five Fears, from 1990 to 1985. The second generation methods are 

accelerated from 1992 to 1989. This increases the amount of SNG utilized 

in the energy markets. The quantities are l~sted in Table 4.56. This 

can be translated into an increase in economic surplus of $I.I bi11Ion. 

There is also a change in the long run quantities of environmental 

residuals. While the exact change is a complicated function of region 

and time, the general direction is that the program increases residuals 

marginally, as relatively polluting synthetic gas production replaces 

ouher energy sources in the marketplace for energy. 

4.4.3 BASE CASE OUTCOME VALUATION 

The social value model has been used to map the base case outcomes 

into a present value of the outcome. Table 4.57 lists the summary of 

the base case values. ~len attempting to understand the coal gasification 

bid evaluation decision, the relative size of each compunent provides 

major insights , Indlcatlng the important impacted areas. The magnitude 

and sign of the total depends on the assumptions used, and the value 

tradeoffs assigned. HoweveE, reasonable changes in'the value tradeoffs 

have no effect on the sensitivities that we have discussed. 

Commercialization is a $245 million net producer of Benefits under 

the favorable assumptions of the base case. The ma~or determinants of 
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GAS 
INFLATION 

YEAR 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
Ii 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

PRICE 
EFFECTS 
1975 $ 

TABLE 4.53 

20B 

INCLUDED 

PRICE 

7.31 
7.7q 
4,23. 
4/07 
3,92 
3,78 
3,65:. 
3,53 
3,41 
•3,30 
3.20 
3.11 
3:02 
2.94 
2,86 
2-79 
2,72 
2.65 
2.59 
2.51 
2,ql 
2,32 
2,23 
2,16 
2,08 

AVERAGE PRICE - 3,18 
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YEARLY Environmental Emissions gromFirst Lurgi Plant 

Residual Emlssion r 

A£__E 
Particulates 602 

N~trogen Oxides 6,152 

Sulfur~Oxldes 32 

llydrocarbons 113 

Carho~ Monoxide 415 

Aldehydes 39 

Water 

Dissolved Solids 3,540 

Suspended Solids 74 

OrEanlcs ' 35/ 

TABLE 4.54 

in Tons 
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YEAR 

-4 
-3 

-2 
- i  

1 
2 

To 25 

LABOR 

300 
1400 
3~00 
3700 
230D 
1900 
1400 

. . . . . . . .  . - , - . , . . . , .  . . . . . .  

, .  , , ,  

..,'.. 

COST TO GOVERNMENT 

TRANSFER PAYMENT 
COST, SM 

(.14) 
(.66) 

(I. 60) 
(i.74i 

(1,'08) 
(.89) 
(.66) 

ADMINISTRATIVE 
COST; SM 

2,00 
2.00. 
2,'00 
2.00 

,50 
,50 

.so 

FIGURE 4,5S 
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this number are the economic factors. The first LurEi plant economic 

outcome is the major source of cost ($526M), while the lone run economic 

benefits of accelerated technology availability provides the major 

benefit ($1,100M). The lon8 run cost of envlronmen~al residuals is sl E- 

nlflcant ($250M), but the envlronmantal impac~ of the first commercial 

Lurgl plant ($27M) is within the noise level of the large numbers. While 

the socioeconomic cost of the first plant is not too larse ($52M), it~ 

concentration on a small number of people increases its importance. 
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PRICES ANDQUABTITIES OF SNG 

BASE CASE 

P~ODUCTION PRICE 

1986 0 

1989 0 4.00 

1992 .673 2,82 

1995 ,897 2,95 

1998 2.4SS 2.7~ 

2001 5.592 2.60 . .~. 

2004 9,569 2.52 i~ 

2007 13.663 2.47 ~::  
. 3  

2010 17,941 2.42 ":~!'!- 

2013 21.611 2.41 

2016 24.814 2.43 

2019 27,454 2.44 

2022 29.895 2.46 
• 'i ° ~,2. 

.~'° 

PRODUCTION 

.078 

.235 

1.975 

3.306 

4.842 

6.938 

10.554 

14,412 

18.110 

21.715 

25,422 

28.672 
31.184 

EARLY SNG 

PRICE 

2.81 

3.08 

2.63 

2,61 

2.60 

2.58 

2,51 

2.49 

2.48 

2.45 

2 . 4 3  

2 . 4 ~  '~ 

2.45 

. : 

:%,' 

TABLE 4.56 
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pRESENT SOCIAL V,ALUE OF THE BASE CASE 

3 

Cost of the First Lurgl Plant 

Economic Surplus 

Envlronmental Costs 

Occupational Deaths 2 

Air Pollutfon 6 

Water Pollution 2 

Water Aesthetic 12 

Land Disruption 5 

Total Environmental 

Socioeconomic Costs 

Service Shortages 28 

Change in Lifestyle 24 

Total Socioeconomic 

Total Cost o£ First Lurgi Plant 

Long Run Effects 

Economic Surplus 

Consumers' Surplus 

Producers' Surplus 

Net 

Environmental Residuals 

TABLE 4.57 

214, 

Total 

Net 

~ O ~ B  
Costs 

526 

27 

52 

6O5 

1,200 

250 

855 

0 

2,300 

1,100 

1,100 

245 

D 



SUMMARY OF INFORMATION REQUIRED FOR EVALUATION 
OF COAL GASXFICATION COMMERCIALIZATION PROPOSALS" 

The previous sect ions develop a franework for  evaluating coal g a s i f i -  

cation commercialization proposals. Thus, the information that respond- 

ents to a request for proposal should furnish ERDA to utilize the framework 

is defined. Our intention is no____ttin any way to outline the document Itself, 

but rather to communlcatewhat we chink som__...~eof its essential contents 

should be, From the bid e~aluatlon perspective, It is important to communl- 

care two eategorles o£ information to potential bidders: 

i. The basis for the evaluation of proposals, and 

2. The information tha~ bldders are required to submit. 

We will discuss these two categories in the £ollowing sections. 

5.1 BASIS FOR EVALUATION 

Bidders should be clearly informed that their proposals will be evalu- 

ated in terms of their impact on The following variables which are grouped 

according to type of effects measured: 

Economic Impacts 

Price of gas produced 

Quantity of gas produced 

Distributiou of gas produced 

Environmental Impacts 

Air Pollution: 

Particulates 

NO 
x 

So 
x 

Hydrocarbons 

Aldehydes 

CO 

Water Pollution: 

Dissolved solids 

Suspended solids 

Organics 
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'.',I~. Water Usage: 

.~ Water usage per year 

il Land ~isruption: 
Disrupted land 

Reclaimed land 

I " Socioeconomic lmpacts 

~ Housingsupplylnproducingregien' 

~:~.~ Social infrastructure in producing reglon 

Maintenance of soclal infrastructure in producin 8 region 

• : ~ ° I.jM 

P o p u l a t i o n  in  p roduc ing  r e g i o n  

Cost to  Governuent 

Cost to the federal governmen~ 

These variables are essentially the outcomes that we have identified in 

Section 4, The only change in the present list is that we have identified 

the economic variables-- price, quantity, and distribution of gas -- that 

we use to calculate change In economic surplus, rather than lis~in 8 economic 

surplus directly. 

5.2 XNFOIQd[ATION REQUIRED FROM BIDDERS 

I n  g e n e r a l ,  p o t e n t i a l  b i d d e r s  should be r equ i r ed  to  s u p p l y  a l l  i n f o r -  

mat ion  t h a t  my be neces sa ry  to  d e t e r m i n e  the  impacts  o f  t h e i r  p r o p o s a l s  

on the  v a r i a b l e s  l i s t e d  in  the  p r e v i o u s  s e c t i o n .  I n  p a r t i c u l a r ,  b idde r s  

are  r e q u i r e d  to  supp ly  the f o l l o w i n g :  

,Economic !_m~ac ts 

Price of gas produced: 

I.. coal c o s t  

2. operatin5 cost, including: 

a) labor 

b) s u p p l i e s  

e) maintenance 

d) property taxes 

e) e tc .  

216 

P 



3. cap i ta l  cost, Including: .. 

a) debugglng required co reach nameplate capaci ty 
b) recurrlng capltal 

4. cost o£ plpellning gas to market 

All of the above should be supported by summary englneerln8 data: 

Quantity of gas produced: 

I. per stream day, supported by summary 
englneerlnE data 

2. assumed stceam factor, includlng start-up 

D1strlbut~on of Eat produced: 

I. the geographic area 

2. the number of customers 

3. the antlclpated ga, supply/demand picture 
in the region 

Envlronmen ~,I_ Impacts 

Air Pol lut ion:  

1. the a i r  pollutants emitted per sCceem day 
Water Pollutlon: 

I. the water pollutants emltted per stream day, 
broken down by 

a) surface discharge 

b) deepwater discharge 
Water Usage; 

i. acre-feet per year as a function of 

a) mine production 

b) plant production 
Land D~sruptlon: 

I. acres of land dlsrupced By mlnlu 8 

2. acres o£ land utillzed by permanent facil~tles 

3. use Value of the land before m!nln8 

4. use value of the land after reclamation 
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Socioeconomic Impacts  

I .  t he  c o n s t r u c t i o n  labor  f o r c e  

2. t he  f = a e t i o n  of  the cons t ruc t ,  lon  l abo r  

f o r c e  i m p o r t e d  from o u t s i d e ,  i t .he p r o d u c i n g  r e g l o n  

3. the  o p e r a t i n g  labar  f o r c e  

4. the  f r a c t i o n  o£ the o p e r a t i n g  l a b o r  £orce  imported 

from o u t s l d e  the  producing r e g i o n  

5, the  number o f  l i v i n g  uni t8  p rov ided  by bldder  

8. £ tnaueinE o£fered  to  producing  ~eglon,  inc lud ing  

payback requirements  

The i u fox~a t i ou  ou t l i ned  above I s  what i s  r equ i r ed  from the b idders  to 

app ly  the  evalua~ion £ramework. 
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'!! i| APPENDIX A 

Equat ions  fo r  Socioeconomic Mode] 

This appendix conta£as the equaE~ons defining the socioeconomic model. 
In the equations t is measured in years. Initial conditions, parameter values, 
and functions tha~ must be provided by the user are written in the form: 

Pop_Growth = 

In other words, the user mus£ "fill in the blank" ~ud specify the rate of 
growth of population. The functions that we have used in defining the base 
case town are shown in Figures A-I - A-4 after the equatlons. Coupled with 
the prose description In the text, the equations should be self-explanatory. 
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POPULATION SUBMODEL 

Population (t) = (i + Pop__G~ovth) * Population (t-l) + I~mlgratlon (¢-1) 

Pup Growth ffi 

Population (0) - 

Immlgrauion (t) = Fractlon Construction Outside * 
(Constru~tlon_Labor ~- ConsEruc~ion_Labor ~c-l)) * 
Ave No People Per Construction Worker 

+ Fraction OperatinE Out~ide * 
(Operating_Labor ~ - Operating LaboY. (t-l)) e 
Av e No__P eop I ~_Per_Op erating_Worker 

+ Immlgration_Eate (t-l) e Population (~-I) 

Frac ~ion_Cons t ruction .Outslde = 

Constructlon_Labor (t) - 

Ave No Peopl~ Pe~ Construction ~orker - 

Fr act £on._Op~ra tlns_Out sld e = 

O p e r a t i n g _ L a b o r  (t) = 

Ave_No_People Per Operating__Worker = 

- -  (Unemployment Rate (t) 
Immisration Pate (t) = Function Reglonal Unamp-_Rate * Soclal_Services._Multlplier (t)) 

Labor .  F o r c e  ( t )  ffi F r a c P o p W o r P ~ n g  * P o p u l a t i o n  (~)  

Soclal_Services..Multlpller (~) = Yunc~ ion  (Social lnfr~struc. Provlded (t-l)) 

So$1al.~nfras~rucRequlred (t-l) 

R ~ i o n s l _ U n ~ p R ~ e  - 

Y r a c _ ~ o p W o r k i u g  = 

A-2 
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LOCAL ECONOMY SUBMODEL 

Total_Jobs (t) = Plant- Jobs (t) 

+ Retail_Jobs (t) 

+ Other_Jobs 

+ Coy_Jobs (c) 

Plant_Jobs (t) = Construct ion .Jobs  (c) 

+ Operatlng_Jobs Ct) 

Social_Investment_Made (C) 
Coy Jobs ( t )  = Ave_No__Investment $ Per Worker 

Ave_Nolnves~nent  $ Per ~orker = 

Ave.No_Malntenance__$ Per ~orker = 

..S> " .~'.-~.~ 
p 

S oc ia l_Haint  enance Provided ( t )  
+ 

Ave..No Ma£ncenance $ Per' Norker 

Retail_Jobs (t) = Retail__Buslness (t) 
ReCall Sales Per Employee 

Retail Sales P e r . E m p l o y e e  = : 

ReCai:_.Buslness (t) = Populatlon (t) • Ave_SpendinL_Pet Person ~ 

Ave_Spending..Per_Person = 

Other. Jobs (t)  = (1 +Job .  Cro~thRate)  , Ocher Jobs ( t - l )  

Job_Gr0w~h Rate 

Other Jobs (0) - 

Construct ion Jobs ( t )  = 

Operating_Jobs (c) = 

Unemployment_Rate ( t )  = Labor_Force ( t )  - To::al_Jobs ( t )  
Labor Force ( t )  

-"ii 
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ROUSING SUBMODEL 

H o u s i n g R e q u i r e d  ( t )  = P o p u l a t i o n  (t) 
A v e P e o p l e  Per House 

Ave_People_Per  House . 

Exlstlng_Housing (t) - Exlstlng_Housing (t-l) 

+ Exogenous E~using (t) 

+ Houaing._Change ( t - l )  

~"~::~6'usin~_Required (c) > Existing_Housing (t)  

The.___n.n Housing__Change (t~ = --H°ualng--Required (t) - Exi~tlns._Houelng (t) 

Els__..% Housing Change (t)'~ 

;ii: 
Exlstlng._Houslng (O) ~:" 

Exogenous_Housing (t) - 

Houalng Cons truer ion__Delay = 

Housing__Construction_Delay 

R o u s i n g R e q u i r e d  ( t )  - E~isting__Housin S ( t )  

R o u s i n L D e s t r u c t i o n  Delay 

Housing_Dest~uctiouDelay - 

I n d i c a t e d  Tax Rate  ( t )  = Func t ion  (G°v--Revenue--Requ~red ( t ) )  
Gov_Revenue_Avai lable  ( t )  

TaxRate (t) = Rax~ate (t-l) 

+ In dlcated_TaxlLate (t-l) - Tax_Rate (t-l) 

Ta~_Adj_Time 

Tax Rate  CO) = 

Tax AdJ_Time = 

Tax_Revenue ( t )  = Tax Rate  ( t )  * P r o p e r t y  Value ( t )  

+ R e t a i l _ S a l e s _ F r a c t i o n  • Reta i l__Sales  ( t )  

R e t a i l  S a l e s  F r a c t i o n  = 

H o u s i n g R e q u i r e d  ( t ) )  I n d i c a t e d  P r o p e r t y  Value  I n f l a t i o n  Rate  ( t )  = Func t ion  ( ~ -  . 
--  -- -- -- Ex i s t i ng_Hous ing  ( t )  

A-4 



~ . - - , , . ~ ' . ~  

~.',.'~;-'!l~ :. !t.~ttll' 

ii 
i: 

--- rv  ?i,, "-'~ i 

:.-~:. 

HOUSING SU.~MODEL (Continued) 

Property_.Value__Inflatlon_Rate (t) = Propert~ Value In~latlon Rate (t-l) 

+ (lud£cated Property Value Inflation Rate (t-l) - Property Value Inflation Rate (t-l) 

Proper ty  Value AdJ_Ttme 

Prop er  ty._Va lue  AdJ_T:[~e . 

Proper~y Value (t) ~ ExlstlnE_HouslnE (t-l) ~ No,. Val Per House 

+ Property..Ualue_Inflat~on_Rate (t-l) * ExlstlnS_Housin E (t-l) 
• Nom Val Per House 

+ Plant_Value (t) 

Plant_.Value (c) - 

~,° 
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SOCZAI. SERVICES SU~ODEL 

Soc ia l  Zu~=astcuc Ecquiced ( t )  - Uopulaciou {C) * S o c l a l S n f T a s t = u c ~ e z Y e ~ e o u  

Social InE~asccuc Per Pecso~ w 

SoCial Malntenauc~ Eequlced (t) m Socia l  ~n~Zatru= ~Cov~dea (t) * ~aln~enan©a_Cost_~ractlo. 

+ Ouc~cont~epa~nt ( t )  

+ SondRc?~y~ent (t) 

Ha~uteuaneeCost~cncCiou ÷ 

Out F~onC_Repsyment ( t )  - 

~ondRepaymeut ( t )  - 

~f  Gov_RevenueAvaila51. (C) > SocialMa£nCenance_Requfred ( t )  

The____nn Social Maintenance Provided (t} - SOc~IF~in tenance_~equt red  (t) 

Rem~/n~.~,ov_Revenue (C) = Cov Revenue._Available (c) 

- social__~ia~u~enauce~covtded ( t )  

Social lnfrss~ue P~ovldud (t) - Social IufrastzucProv~ded (t-l) 
-- " ~ * ( i  - So'-c~al_Deprec--~at~on ( t - l ) )  

+ Soci~lZnvesCmenCHade ( t -Z)  

Soclal In£custruc_p~ov~ded (0) - 

Soci~tl_Dep~ee~atian (t) - No~4ual_D~preClatiu~ 
+ SoCL~l_~in tenauce~equi red  ( t - l )  S o c ~ a l ~ n c e n a n c e P c o v i d e d  ( t - l ~  

~on~Main' t~usuce.Depre~t~ou * S o ~ a l l ~ u t e u a n c e _ ~ e q u ~ e d  

Nomtnal._DepceciatiO~ - 

No~_~a£nt~uauceDepce:£at~an " 

~.~fRemalnin~_Cov.Eaveuua (t) ~ Soc~8~.Tufrastruc_~equlr~d ( t )  

- S o c t ~ _ ~ u f ~ a . t r ~ c _ ~ o v ~ d e ~  ( t )  

The., 
$ ~ 4 . 1 I n f r a 6 t r u c l b e q u i r e d  - Soc laZ_Inf ras t rucProv tded  ( t )  

Soc ta~ . Inves t~e - tHade  ( t )  " 5oc ia l luv -cs tmen tDe lay  

SoclalTuvegtmeuc_Dalay " 

$ociaX Investment Made ( t )  - 
Remainin~_CovRevenue (c) 
So e~al Iuve~tmeut_Delay 
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SOCIAL SLrKVICES SUI~0DZL (Continued) 

$oc~.al l~aLntenance._P~ovided (c) - C o v  P.avenue._Ava~Table 

Soclal  ~u£rastru¢ P~ovlded ( t )  - Soc:~al ~nfras t rucProvlded ( t - l )  
* ( i  - Soelal  Depeeelat:ton (c)) 

SoelaZ._Dapreelation (C) - Nominal Depreciat:~on 

+ So,"ial_Haintenance Requtc.ed ( t - l )  Social Haintennnce Provided (~-I) 
Hon Ha~tenance Depreciat ion * So~lal Maintenance Required 
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LOCAL C ~ O ~  REVENUE SUIIHODEL 

GoV R~venue.Required (t) - S o c i a l  InfrastTuc.Required (t) 

- Sock1 lufrascru~_Provlded (t') 

+ Social Ms_1~tenance Requlrad (t) 

Gov Revenue_Available (t) -Coy_Revenue_Available ( t - l )  

+ Tax_Revenue ( t )  

+ Bond Revenue Ct) 

+ Ineergovernmental._Transfers (t) 

Out_Fount_Honey (t)." 

Bond ~evenue (c) - 

Intergovernmental Trans£ers (t)  - 

@or Revenue. Available (o)~ 
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I INTRODUCTION 

An energy model should be a decision.making tool designed to help those who make or recommend 

enezgy.related decisions. Because of the complexity of energy.related decisions a single energy model 

cannot be accurate or useful For broad classes of such decisions. An energy model must be fucused on 

specific decisions so that the sensitivity of a decidon to important assumptions can be checked, For 

tt'-,ese reasons, It is important that those who use or criticize the output of an energy model understand 

the methodology used in its construction. 

This paper de~dbes an energy modeling methodology that can be used In evaluating decisions 

affected by projections of future energy prices and quantities. First, the need For an energy model is 

illustrated by a specific application at Gulf 01] Corporation. Typical outputs l'~om the model used 'in the 

Gulf study are used to indicate the scope and detail that can be achieved in an energy model developed by 

this methodology. In Section II, the Features required in an energy model are discussed. Section Ill  

dizcusses the basic, computational concepts of  the methodology, and Section IV discusses th0 applicathns. 

The G.ul~" Syn the t i c  F u e l s  Decision 

During 1973 and 1974, SRI worked with Gulf to perform a decision analysis of alternatives for 

producing synthetic i'uels. One of the important alternatives Facing Gulf was whether to participate in 

potential coal gasification ventures in the Powder River Basin (Montana and Wyoming). Such an under- 

taking would require investments in a gosiQcatton plant costing approximately $0.$ billion, new coal 

mines, and a pipeline to deliver pipeUne-quallty synthetic gas to Chicago or oth©r distant markets. This 

gas would compete there with natural or synthetic gas from other sources, 

At the beginning of the decision analysis, intuitive arguments and conventional profit analyses 

demonstrated that the profitability of a gasification venture would be de.refrained essentially by the Future 

prices of pipeline quality gas In markets such as Chicago and the prices ot" coal in the Powder River Basin. 

The projections of these prices over the thirty-.to t'o~ty.year constructie~ and operating life of a gasification 

plant were highly uncertain. Although the technical and other business aspects of the venture were of 

concern, the .major determinants or the vanture's pmfitabiliW - and he nc~ ihe strategic decision to build 

or not - were the projections of future prices of gas and coal. 

In 1973, the future pdce p~o]ections for gas were very confuse0, because of uncertain government 

xegulatory pc|Icy and uncertain natunl gas supplies and corisumplion. Many energy specialists were 
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forecasting a gap between the quantities of gas that consumers would buy at the projected prices and the 

quantities that would be produced at the projected prices. Some .specialists argued that this gap provided 

an attractive market for synthetic gas. Their projected prices of gas, however, were considerably below 

the prices required for a profitable coal gasification venture. Cieady, the prices of gas would have to 

increase in order to bring supply and demand into balance; but when the prices would be high enough to 

justify production of synthetic gas was the important question to be resolved. 

As a result of the confusion in future pzSee projections for'gas, the projections of  future prices had 

to be built from more basic Information on natural gas resources and the effect of higher prices on natural 

gas production. Similar information was required on other energy resources, as well as economic and 

technical information on energy use, conversion, transportation, and information on government regulatory 

policy. This additional information was required because interfue] competition in several markets 

geographically distant from each other and evolving over time has a major effect on the prices of coal 

and gas. 

Synthesizing the basic information necessary for projecting prices requires a comprehensive dynamic 

model of energy supply, demand and pricing. Simple models or hand calculations cannot cope with the 

necessary detail. The scope and detail of" t|.'e model that was developed in the Gulf study arc discussed 

below. 

Model Output  

Figures 1 through 3 are typical of the output generated by the model used in the SRI-Gulf decision 

analysis. .Figures I and 2 show the prices and quantities that represent a dynamic supply and demand 

balance for the United States, and Figure 3 gives some of the underlying detail in the price and quantity 

forecasts. 

In Figure 1, the prices of primary resources arc shovra to increase as those resources arc depletecL 

(Note th~.t the prices arc expressed In c~mtant dollars.) The price projection for natural gas is of most 

interest. In the near term, natural gas is attractively priced relative to other fuels and its usage increases. 

(The nominal case assumes no zcgulation of natural gas prices.) As the less expensive sources of natural 

gas arc depicted, the price of ~as increases. Eventually, the use of gas begins to decline as other, mere 

economic fuels are substituted ~.or gas in !.n.dustrtal and power generation markets. Finally, beyond about 

2005, the price of natural gas rises to a level Ihat is set by the price of synthetic gas from coal. Tile rate 

at which the price of natural gas Increases is of great importance in determining the timing and profitability 

of a coal gasification venture. 

Flgu.~ 2 shows that as the prices of conventional sources such as crude oil, natural gas, and high 

sulfur (Pastern) coal incre~e, newer loans of energy such as nuclear, shale oil and low ~ulfur ~es tem)  
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FIGURE 3 POWDER RIVER COAL USAGE: NOMINAL CASE 

coal become competitive and assume significant shares o/" the market. Thus, beyond the year 2000 these 

newer sources tend to determine cncrgy prices. 

In Figure 3, the usage of coal in the Powder River Basin is shown in terms of the syntl~etic fuels 

plants and mhte-mouth power plants that directly use coal and also of the transportation modes that move 

coal for use in other regions. (Tile total quantity of coal shown here far the Powder River Basin includes 

most, but not all of, the coal classified in Figure 2 as low sulfur, Western coal.) Figure 3 clearly shows that 

under the input assumptions of the nominal case, gasification of Powder River coal is insignificant until 

beyond the year 2000. 

The data shown in these throe figur~ are a small sample of the output from the model. In addition, 

prices and quantities .~t other major locations throughout the United States and prices and quantities of 

di~tributed products including synthetic fuels, electricity, and refined products were computed. 

The prices and quantities shown in Figures ] through 3 are based on only a nominal set from 

among the many sets of input information used in the Gulf study. Several sets of input information 

were used to determine the sensitivity of the projections In changes in input information. For example, 

the effects of po~ible changes in the prices of imported crude oil, the costs of new technolow, the 

growth in demand, and the potential reserves of domestic oil and 8es were determined. Some of the 

projections were highly sensitive and some were highly insensitive to ehangez in input information. Thus, 
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the projections In these figures should not be uscd by others for decision-making purposes without un 

understandin~ of the effe~;ts or the input information. 
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II FEATURES 

We have emphasized that energy models must be tailored to specific decision problems. Features 

requited in a model for one problem may not be required in the next problem, or the next problem 

may require additional features. On the other hand, considenable overlap often occurs between features 

acquired for one energy decision problem and those required in the next. With this in mind, we will 

describe some of the enerBy model features that are important in strategic, energy decision problems 

such as the Gulf synthetic fuels problem. 

Complexi ty  

In most cases, a decision problem concerning a new energy conversion lechnology, such as coal 

gasification, is very difficult or impossible to isolate from the energy system within which it must 

operate. Often, the economics of end use, tzanspurtation, and resource production will play a major 

role in determining what resources are produced, how they are transported, and how they are used. Tile 

complexity of the o'todeling problem is illustrated by Figure 4. This shows the vadous steps in the O.S. 

energy syatcrn - beginning with primary resources in the ground and their conversion into useful energy 
# 

(heat in the living room or steam from a boiler). 

Within the U.S. energy system, thousands of different paths lead from availability of primary 

resources to satisfaction of end.use demands. The path in Figure 4 hcglns with low sulfur coal that is 

mined underground, transported by slurry pipeline, converted'into a gas, and used in a combined.cycle 

power plant to generate ¢leetfici!y that is distributed to residential consumers for use in a resistance. 

heating device to produce space heat in the living room. Fox the SRI.Gulf study, the model had to 

in¢orpozate all the possible paths represented in this figtire. 

Logistics 

The cost of moving energy from one locatiun to another can be~.'~.cmeial factor in the over.,li 

economics of using primary resources to satisfy end uses. For example, the cost of transporting coal 
'i. 

by train from Weatern mines to Eastern markets is such that the"price of coal in the East can be three 

times the price of coal in the West. Whereas, if this coal is converted to tt l{quid fuel, th~ transportation 

costs over the same distance are relatively smell. Thus, in problems where transpt~rtation costs are 

important, the model must be geographically segmented to allow for regional price differences. 
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FIGURE 4 COMPLEXITY OF THE U.S. ENERGY SYSTEM 

Figure 5, a mep of the United States, shows the eight demand zegion~ and the numerous ~:o'al, crude oil, 

natural, gas, and shale resource basins used in the Gulf study. 

Dynamics 
. . . . . .  

.. Most ¢o~oorate investment decisions anff:p~tblic policy d:cisions ha~e implications over long perlods 

~if:'i.lme.. A m~.deI that characterizes the energy system only at specific points in time cannot reflect 
'['mpor~ant .~hanges in technology and demand nor the effect of depletion of the resource base. Also, 

the capacities of the energy system in any time period are highly dependent on previous investment; 

':i~4d current investment decL~ions depend on projections of future prices. Finally, in the short-term, 

secondary markets for scarce commodities such as pressure vessels, surface mining equipment, drilling 

zlg~ and human and lnstitutinnal behavioral charaetcristlcs limit rapid change and have long-term conse- 

quences. All of these dynamic effects are incorporated in the general methodology and the existing 

SRI-Gulf model. 

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

Basic Economics 

Given that the supply and demand of a resource both vary with price, what is the price that will 
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FIGURE 5 U,S, ENERGY MODEL RESOURCE BASINS AND DEMAND REGIONS 

balance demand wlth supply? Every basic cconomlcs text discu~as the solution for the case of a single 

resource, Illustrated in Figure 6,. but ~eal situations typically entail multiple competing resources and 

dynamic effects. Because of the resulting complexity, many approaches to energy modeling avoid 

...explicit balancing of supply and demand at a market clearing price. In this methodology, a ccmpoter 

• 'model is used to combine curves such as those fn Figure 6 with a network representation of the U.S. 

energy system and realistic models of the elements of the':energy system such as. transportation links and 

conversion industries, This gives the adv.',~tages of both the basic economic approach and the detail 

required For realism. 

For example, the exlsdng model uses supply curves to describe the total quantity of a primary 

resource that could be produced in a resource region at various prices. These curves are developed by 

holding costs and technology f~cd and using available data and tile judgment of~xploration and produc- 

tion specialists to estimate the qu.qntity of a resource that could ultimately be recovered at various price 

levels. Then the model is used to compute the cumulative production, plus required reserves of a resource 

to a given year in a specific location. This quantity is then used to find the price on the supply cvrve 

that would be required for additional production in that location and year. Finally, these prices are 

adjusted for the effecls of inflation, technological change, short-run dynamic effects, and economic rent 

(the difference between the price of a resource and its cost]. The result is a realistic, dynamic description 

of resource supply that is consistent with basic economics. 
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FIGURE 6 FUNDAMENTAL ECONOMICS OF SUPPLY AND DEMAND 

Meaningful Data 

A crucial aspect of any model is that the inputs be mcaningful to those who must provide and 

review them. Some approaches to modeling use regression analysis on large amounts of" historical data 

to determine the parameters of the equations that make t::p the model. Other approaches use abstract 

inputs such as cross.elasticity coefficients and input-output coefficients, or arbitrary constraints on 

growth rates and resource availability. The problem with such input is that the data am often unintelli- 

gible to specialists who have the knowledge to judge its accuracy.. However, a model that decomposes 

an energy system into [t~ basic elements -- such as production, transportation conversion, and end-use 

technologies and hehavona] considcrations - facilitates description of each of these elements in the 

most meaningful way. For example, the SRI.GuIf model uses capital cost, operating cost, and thermal 

efficiency data obtained from industq, specialists to describe conversion and transportation industries. 

Structuring model input into numerous specialized data areas enables experts with in-depth, specialized 

knowledge to contribute data without havlng to undezstand all of the details of the model. Furthermore, 

this form of data can bc communicated easily to anyone who wants to understand the model, 
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Specific Features 

Some of the specific features in the existing SRI.Gulf model are described below. 

EConomic Re, a t  - Owner~ o1" energy resources wil l  not sell their resources at cost plus return uu 

investment i f  they believe that they can obtain a Idgher price. Thus, the price of a resource is deter- 

mined not only by the cost of producing it, but also by competitive fuel prices and the scarcity of the 

resource. Economic rent, the increment above marginal cost that must be paid to a resource owner to 

induce him to sell, is large when the price of a resource Is rising rapidly as a result of rapid depletion. 

This phenomena of  economic reni" is fundamental to energy pricing and incorporates lease bonus payments 

and windfall profits. 

End.Use Demand  Elasticity - In response to higher prices of a fuel, users may reduce consumption 

by turning dov, n the thermostat, using less steam, or driving less. Alternatively, they may substitute 

a less expcnsiw fuel. In modeling end-use demand, it is important to distinguish between the effects of 

tree reduction in the consumption of usable energy and the substitution of other fuels. The existing 

modal emphasizes the substitution effect because tile Gulf synthetic fuels decisions were somewhat 

sensitive to it. The existing model excludes usable energy elasticity because sensitivity analysis simwed 

that the decisions were relatively insensitive to the price elasticity of usable energy o~c¢ the range of 

prices encountered. Nevertheless, detailed price elasticities for usable energy demand can be incotpu,ated 

within the existing model for analysis of problems sensitive to usable energy elasticity. 

Financing. Accotmting,  and Taxes - Significant differences in financing practice, accounting con- 

ventions, and taxation exist among the various sectors of the energy market. For instance, the financing 

of regulated public utility investments differs significantly from that of oil company investments. Also, 

accounting and tax conventions differ from project to project. The model explicitly accounts for these 
di fie re noes. 

Market  Share - Under perfect competition, the aUocation of demand among alternative sources is 

trivial - the dem'.sid is always allocated to the lowest priced source. In the real market, however, 

behavodal considerations and market imperfections such as consumer fuel preferences, discriminating 

pricing, and variations in costs all come into piny. The model describes such phenomena by using 

empirically developed market share cuwes to relate market shares to prices, 

lnitial Energy Balance - The current U.S, energy balance [s a starling point for li~c evolution of 

the energy system over time. The current allocation of demand among existing sources must be included 

as input to the model so that the dynamic effects incorporated in the model are provided the proper 
irdtlal conditions. 
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S e c o n d a r y  Indus t r i e s  - In times of ~?id  expansion of capacity, growth is often discouraged by 

ltigh pflees of equipment and m~npower used to construct new plants, Thus, the model includes approxi. 

mate submodels of secondary industries producing such critical items as drilling rigs and surface mining 

equipment. These submodels compute the prices of secondary items for a given demand pattern. When 

a h i~vr  price is required for a sCcondat7 item the result is higher capital costs for those plants requiring 

the items. 

B e h a v i o r a l  Lag - Most organizations and individuals respond slowly to dtanglng economic cortditiuns. 

Instead, wc often wait to see proven success before we change our ways. In addition, lags are caused by 

the time required to plan and construct new faeiffties. The net effect is that economic actions respond in 

part to past prices as well as to current ones, Clearly, uncertainty and risk aversion contribute to this 

effect. Because of the importance of this effect, empirically determined lag parameters are used in the 

model 

T c d m o l o g i c a l  Change  - l,e'trning effects are important ia determining the prices of future energy 

products, Over time, technological improvements Iowe~ tile capital cost of existing processes (expressed 

in constant dollars). In addition, entirely now [echnologies such as fusion or coal liquefaction become 

commercialIy available and must bc included. Technological change is incorporated in the model by using 

simple learning curves and nominal dates for commercial availability. 

The features described in the above paragraphs illustrate tile realism that c'.~n be built into medals 

constructed by using this methodology. Because so many aspects of an energy system can be integrated 

in an energy model using tiffs methodology a major by-product of a model is the understanding developed 

concerning how these aspects relate to each other and 1o energy decisions. 
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I!I COMPUTATION 

The application of the basic economic concept of balancing supply and demand to an imperfect 

market system ~hat contains essentially thousands of supply and demand cu,,ves is an Important consider- 

alien. The equilibrium mechanism of the market supplies a clue on how to apply this concept. If the 

market price is too low, demand exceeds supply and the pflce will rise to the point where supply and 

demand balance. Conversely, If the market price is too high, supply exceeds demand and thus the price 

will fall. The network price iteration algorithm that provides the foundation for the $RI methodology 

takes advantage of this basic market mechanism. 

The Energy Network  

To illustrate, we will use the partial network shown in Figure 7. The resource supply curves are 

at the bottom; the usable energy demand curves are at the top. In between these curv~ is the network 

describing the entire energy system. The SRI.GuIf model has abmst 2,400 materials, processes, and tram. 

portation links. A material is a primary resource, product, or usable form of energy at a specific location. 

A procf~s represents a sector of the energy industry such as coal mining or gasification at a specific Ioca- 

tion or a class o£ consumers usinB a particular energy-consuming device. A transportatiott link represents 

the economics of moving a material from one location to another. 

To get a sense of the many paths in the network, consider first the path where coal is mined, con- 

verted into synthetic (high Btu) gas, piped to a demand center in a demand region, distributed to indus- 

trial users, and consumed as boiler fuel to produce steam. The same end.use market could be supplied 

by coal transported by unit train, distributed to the same industrial users, and used in a boiler to produce 

steam. These two paths can be traced in Figure 7. In the SRI.GuIf model, there ere fourteen end uses 

(such as industrial steam) in each of eight demand regions and thirty primary resource supplies (such as 

coal) In the various resource basins illustrated in Figure 5. The alternative technologies in the model in- 

clude all important types of electric power generation (producing basc, intermediate, and peak load power), 

sweet and sour crude oil refining, shale oil refining, high- and low-Btu coal gasification, coal liquefaction, 

solvent refining of coal, methanol from coal, and hydrogen production from co~] and nuclear fuel, 
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N e t w o ~  Price I tera t ion  Algori thm 

The network price iteration algorithm operates in much the same way that tb~ U.S. energy system 

operates to determine the prices that rcsuh in a balance between supply and demand. To illustrate, wc 

begin at the bottom of Figure 7 and rou~lly estimate the quantity produced over rime'of each of the 

primary res0~zrces and products throughout tile nclwork.* On the basis of thc~e estimates of primary 

resource production, the resource supply curve and other dynamic information arc used to compute 

tentative prices of primary resources in each time period.'~ 

We' th~n' move up the netwurk along all paths simultaneously, and compute tentative prices of 

the products. These product pric~s are computed by using medals that account for the capilal and 

operating costs of each of the ctmvcrsion p~uccsses, transportation links, distribution links, and end-use 

conversion processes that descdbc the energy network. Where two or azure sources of a material com- 

pete, wc use appropriate rules for determining the price of the material, given the prices from the suurccs. 

When we reach tile top of the network, we have computed tentative prices of usable energy tbr each 

end-tzsc sector in each demand region over time. 

At the top of the network, we begin a downwarr) pass. We apply the pric~ of usable energy to tile 

usable energy demand curves to determine the quantity of energy needed for each end use in each time 

period. As we work down the network, we allocate the required quantity of materials to competing 

sources ba~cd on the tentative prices computed on the upward pass. In addition, the required quantities 

are increased to account for the thermal losses in ©nergy conversion and transportation. When we rcad~ 

the bottom of the network, we have a new estimate of the acquired quantity in each time period for 

each of  the primary resources. We then repeat tile it~rative process: the new estimates of production lead 

to nt.w prices that are passed up the network and result in new demands that are passed down the 

network. This iteTative process is continued until It converges; that is until no significant chang© in prices 

and quantities occur on two successive iterations. 

This network pricing algoritlml is summarized in Figure 8. In practice, addition-.d techniques arc 

incorporated in the algorithm to guarantee convergence and to account for the behavioral and other 

f~tures of the methodology mentioned earlier. 

it is important to recognlz¢ that the dynamic aspects of this approach are not equivalent to using 

a static model in cool, of the time periods. Rather, the prices and quantities in each period are determined 

*In the current SR[-Gulf model, the time horizon Is the year 2025. The 52 years from 1973 to 2025 
are broken into 17 time periods. These time periods arc of unequal duration to allow more detail in 
/he years that are important for the decision problem. 

~ h e  price or a primary resource also depends on economic rent and the price of secondary materials 
such ag drilling d~; and surface mining equipment. 
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by dynamic relationships that interrelate both past and future prices and quantities. Current prices 

depend on furore prices because the price o f  a product required to justify a new plant to produce that 

product is affected by projections of future prices. Also, current capacity decision~ depend on previous 

prices and decisions because of resource depletion, existing ,'apaeity. and behavimal lag. 

Another important tempt:rational consideration is that models produced by this methodology are 

nonlinear and usually once' trained.  Linear programming is not used as a computatlunal tool. The 

mathematics of this methodology reduce to the iterativc solution of a system of nonlinear equations that. 

are the economic, technical, and behavioral relationships that describe an energy syslem. The solution uf 

these equations is the set el" prices and quantities that Form the output of tile model. Arbitrary constraints 

on the availability of scarce resources such as limitations on plant capacity, primary resources, and surface 

ndntng equipment are not needed in the model as they are in some uther appfoadzes. In this methodology. 

we explicitly model tile higher costs of such resources as they are depleted (resuurce supply curves) or 

when there is a temporary shortage (secOndary industries model}, in the case of natural g-',s regulation, 

however, constraints on the price of gas as determined by regulatory policy are Included; and the 

secondary reactions of the market, such as supply-demand imbalance, are ¢~pltcltly represented. 

Driving Forces o f  the Model  

At this point, the question of "'what drives the model" often arises. Parado×ically, supply and 

demand curves are the key inputs required to forecast supply, demand, and prices. The important 

difference between the input data and the output forecasts is that the inputs are pri=e.quaniity craves 

while the outputs are market clearing (equilibrium) quantities and prices. To illustrate,"in the textbook 

case of Figure 6, the supply and demand curves are inputs while the market clearing price and quantity, 

P0 and qo are outputs~ Many conventional approaches to energy forecasting attempt to directly predict 

market clearing prices and quantities over time wherea~ in this approach prices and quantities are 

calculated on th~ basis of more fundamental inputs such as supply and demand curves and the econumit~ 

of conversion, transportation, and distribution. Thus, the model does nut eliminate the need for expert 

judgment. Rather, it changes the task from directly predicting future prices and quantities to madding 

relationships between prices and quantities. 
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IV A P P L I C A T I O N S  

No single energy model can address the critical issues of every energy problem. However, by build- 

ifig models that ate fundamental, comprehensive, and decision focused and by measuring sensitivities 

to various inputs and assumptions, we can tmpmvc our understanding of  whal is important. In this way, 

information gathering, analysis, and management attention can contribute, to improving fire quality of 

decisions. 

Corpora te  App l i ca t i ons  

The existing SRI-Gulf model and the discussion of the Gulf synthetic fuels problem serve as ar~ example 

of  what can be accomplished by using the methodology dest;dbcd Irate. For many corporate ~pplicatiuns 

entailing U.S. energy markets, the model can bc used with relatively minor modifitmtions to.improve the 

detail and information in areas to which the deciskrn is sensitive. For some classes of decision problems, 

the model could be used as a general planning and forecasting tool, but care would have to be exercised ":- 

in the interpretation of the:model output. For problems having an international or specific regional 

scope, detail can be enhanced or reduced zs a:.-ded. For example, a ~'orld e.':er~" .~. odet presu:aably 

would use less detail in the U.S. markets, but could use essentially the same computer programs. 

G o r e r a m e n t  App l i ca t i ons  

. . : . .  

The need for modeling in government energy decision making is at least as great as that in business 

decision making. Two main differences are evident between public and private sector decisions. First, 

the government makes decisions regarding taxes, price controls, import restrictions, leasing policy, environ° 

mental controls, R&D expenditures, and other instruments of public policy, "rhe purpose of these policy 

decisions is to achieve a more socially desirable functioning of the nation's energy markets. Ordinarily, 

however, It is extremely diff icult to predict what effects these decisions will have on private sector 

bch'..vior. Often secondary reaction~ o f  producers end consumers dilute the intended effects o f  decisions. 

In some cases, the decisions may actually be cot, nierproductivc, For example, a decision to increase 

taxes so as to reduce consumption of one form of' energy may have l i t t le effect or may lead to adverse 

environmental and economic effects through substitution of  other fuels. 

The second characteristic that distinguishes government decisions from private sector decisions is 

the great complexity of social preference questions encountered in creating public policy. In addition 
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to being concerned about ener~, prices and quantities~ government policy makers must try to balance 

outcomes related to environmental pollution, employment, safety, balance of payments, dependence on 
foreign supply, industry profits, taxes, and government expenditures. Calculating these outcomes is a 
difficult, but feasib|e task. Once the basic prices and quantities of energy products am establid=ed. 

value judgments can be used to evaluate tradeolTs among the social and environmental outcomes. The~e 

judgments form the basis For overall measures of  social benefit and cost. These measures can then be 

used for waluating alternatives just ~s profit was used as an overall measure in the Gulf study. 

Techniques For analyzing the social preference aspects of public policy decisions have been evolving 

rapidly in the past few yeats. SRI has developed and applied such techniques in project work fur various 

agencies of" the U.S. Federal Government and for foreign gover:,ments. These social preference techniques. 
together with this methodology for constr~eting energy models that account for secenda~, reactions of 

producers and consumers, provide a comprehensive, lugical approach to the analysis of national energy 
p ;licy decisions. 

Other  Appl ica t ions  

The methodology itself has broad potential application beyond energy problems. It is useful in 

constructing models of complex markets characterized by Jnterproduct competition and regional differences 

arising From product transportation costs, in essence, it allows the construction of practical, realistic 

models in areas where simple economic models have been attempted, but have fallen short of predicting 

market behavior. Such problem areas include Food, land use, raw materiMs, international trade and 

finance, and monetary-fiscal policy. As our society becomes more interdependent and capital.intensive, 

we can expect to see the development of increasingly more comprehensive and realistic models. 
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APPENDIX C 

Regulation of Nat,ura ! Gas 

I n t r o d u c t i o n  

The SRI Energy Model inter-relates the various decisions made in the 
energy market in order to project a consistent set of energy prices and quant- 
ities. In its normal mode of ~p@Fation, the model assumes no p£ice or quant:, 
ity re~ulation of an~" kind. ~t assumes that market and behavioral forces 
are generated by the interaction of~a large number of decision makers, none 
of which can dominate the market through his individual actions. This assump- 
tion is probably descriptive of the interactions among energy producers and 
consumers, but clearly cannot handle questions of government uegula=ion, 
where the government can change the operation of the market =hrough unilateral 
actlon. 

In order to understand price resulation of natural gas, we musu model 
the environment in which individual decisions will be made under th__~erxEE~ 
~ .  That is~ we. must understand how individu~l decision makers, 
actinB in their own interest, will tend to act under regulation. To illus- 
trate, gas price regulation will dry up gas supplies if the producer is not 
allowed to sell each increment of gas for at least its incremental lifting 
"cost. On the other hand, gas price regulation will no__ttdry up gas supplies 
if the producer is allowed incremental lifting cost for each increment. 

In this section, a methodology will be  developed for modeling how gas 
producers I decisions will be affected by natural gas price regulation. These 
models then can be incorporated into a comprehensive energy model such as the 
SEl Energy Model to test the effect of gas price regulation on the entire 
energy system. We will give special attention t o  changes in producers' and 
consumers' surplus under price regulation. 

An__n@q~sis of  R~ulated Markets • 

The starting point of the analysis is consideration of the supply 
end demand curves t h a t  exist in the market before price regulation. Figure 
C-1 shows these ~ell known cu•es. The non-regulated equilibrium is price Pe 

and quantity qe" 

Consider the supply curve shown in Figue C-2. It shows that more gas 
will be offered for sale as the price in the market gets higher. The cause 
o~ this is the fact that there are many sources of gas, and they differ 
in cost o£ production. The fi~,re constructs a hypothetieal supply curve 
by ranking the sources by increasing cost. ~f the price is above P2' it 
is economical to produce all on-shore gas at depths up to 15,000 feet, and 
all off-shore gas in water less than 800 feet deep. However, the price 
must be raised to P3 before all the possible sources of synthetic gas would 
be offered for sale in the marketplace. 

A similar exercise is performed for the demand curve in Figure C-3. 
As the market price drops, more gas is demanded. The hypothetical demand 
c u r v e  o r d e r s  t h e  u s e s  of  n a t u r a l  8as  by  how much a u s e r  i s  w i l l i n g  to  pay 
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for the product. If the price is P2' only petrochemical plants will pur- 
chase gas, The price must fall below Pl before gas would be used for 
eleetrle power generation. 

Price control is implemented by introducing a price ceiling, Pc in 
Figure C-l. No supplier (producer) of natural gas is allowed to sell gas 
at a price that exceeds p_.. If p_ is less than p , there will be a 

• ~ e 
shortage of natural gas, because suppllerswill only offer qc for sale. 
(If Pc is greater ~han Pc, the price ceiling will no~ affect the marke~ 
price and quantity.) 

It is convenient to think of price regulation as changing the supply 
curve as shown in Figure C-4. The original supply curve is followed until 

P_ iS reached. Then the supply curye goes infinite~ indicating that there 
s~Ists no price that will elicit a larger quantity Into the market. The 
quantity demanded is qc" The supply curve intersects the demand curve at 
~ If there is no misallocation of gas, the marglnal value would be Or" 

t is, if the gas is allocated according to who would pay the most for 
it, the last agent allocated gas, and the next person to recRiva 8as if 
there was one more small increment of it, value the gas at Or- Pr is 
wha~ economists call a shadow price. However, they would only pay Pc 
due to the regulated price ceiling imposed upon the market. 

Figure C-5 looks at producers' and consumers' surpluses in the regu- 
lated market. The prodUCerS' surplus is the difference between what 
the product sells for, Pc* and what it costs them to make it, represented 
by the point on the supply curve. The producers' surplus for quantity 
qc is the cross-hatched area between Pc and the supply curve. The consumers' 
surplus is the difference between the consumers' valuation of the gas, re- 
presented by the demand curve, and the price paid fur the gas, p_. The 
total consumers' surplus at quantity qc is the cross-hatched are~ between 
the demand curve and Pc" The regulation 0£ price causes a loss of total 
surplus, the solid area. There'are agents on the demand side of the 
market that are willlng to pay~re for the gas =ban ic costs producers 
to produce it, and the quantity b~en qc and qe represents the lost 
consumers' plus producers' surplus opportunity. 

The preceding situation does not represent the total effect of 
regulation that exists in the nat~.;:~l gas marketplace; the Federal Power 
System uses an allocation system~j %llocate the existing quantity of 
gas. ~incc this scheme is not 5 ..... upon the economlc reasoning above, 
so that Pr is the marginal valuation of gas, it is necessary to do more 
detailed modeling. The allocation system breaks gas users into priority 
classes, and allocated the gas Co the higher priority classes, Priority 
Classes I and If, first. Remaining quantities of gas are then glven to 
the other priority classes if available. 

Figure C:-6 represents the markets under the allocation schema. The 
total market is segmented into Priority I and 11 user~, and all other priority 
classes. The regulation agency has divided the available gas supply, qc' 
between the two s=gments, giving ql to Priority I and I~ users, and q2 to 
the other priority ciasses. This allocation scheme determines the value 
of an incremental gas quantity i n  bo th  m a r k e t s .  These are r e p r e s e n t e d  by 
V I and V 2 for the Priority ! and II and other markets respectively. As 
drawn, Figure C-6 shows an inefficient allocation. Since the value in the 
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other market, V2, is treater than the value in the PI and II market, Vl, 
consumer surplus could be increased by t~ans~errlng gas to the other market 
until the marginal values of incremental gas were equal, in this case the 
two market segment values would equal the total market value (shadow price) 
~r which would exist if the quantity of gas qc was allocated by user value. 
This allocation of qc would not recoup the lost total surplhs from Figure C-5.) 

The above discussion structures the natural gas market under price 
reEulatlon and allocation. To understand consumers' and producers' surplus 
in such a market, consider the following example. Assume that the govern- 
ment causes a coal gaslflcatlon plant to be built. The gas produced is all 
allocated to the PI and II market. A new market price is calculated by 
"rolllnE-i~' the coal gas. That is, the total amount paid before govern- 
ment aetlon is added to the cost of synthetic gas cost, and this figure 
is divided by the sum of the orlginal quantity plus ~he quantity of coal 
gas. If the quantity of synthetic gas is qs' and its cost is Cs, then the 
new price reflecting the roll-in is 

= + c  Pu Pc x qc s , and 

qc + qs 

¢• 

the new quantity is q_ + qs" The PI and II market has a new quantity of 
ql. + q , while the ot~er market quantity remains q~. This is shown ~raphlcally 
in FigUre C-7. (It is assumed that Pn is low enough so that quantity 
ql + q would still be purchased.) The value of the gas ~s the cross- 
hatche~ area in the figure. The demand curve represents the willingness 
of the gas consumer to pay, so that the area between the demand curve and 
the axis, and the ql and ql + q- lines represents the value of the Incre- 
mental gas. (A cost beneflt an~lysls would compare this value with the 
costs of producing qs. ) 

It would be valuable to know the marglnal values before and after 
the introduction of synthetic gas, V 1 and V~. However, since the markets 
do not clear, these quantities cannot Be observed. If the demand c~rve 
for the PI and IX market is known, then the values can be solved for. 
I f  t h e  demand c u r v e s  a r e  n o t  known, V I and V~ c a n  be bounded ,  I f  q~ + q .  
is purchased in the PX and ~I markets, then $~ is greater than Pc" ~This~ 
is seen by looking at Figure C~7. Also, p~ i~ greater than V 1. Previous 
discussion demonstrated that :~s the valu% (shadow prlee) of the ~as if 

:it is optimally allocated. This, Pr has to be at least as larger as V I. 
If the allocation system asslgos any gas non-optlmally by assigning more 
gas to the PI and II market, then the value of the marginal ~ncrement of 
gas drops, Thus, 

Pr  > Vl ~ V~I > 
- - - Pn" 
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