P

-

it M

» we have com-
puted the change in consumers' surplus for the "cheap SNG™ case used in

the ERDA Fossil Energy Prioritization Study,

To benchmark these numbers against another geenarie

In that study; the same

base case was compared to a case in which first generation coal gasification
economics wvere left unchanged. However, second generation coal gasification
capital ind operating costs were decreased by 30%; hydrogen, methanol, and
other technologies based on gasification were decreased by 15%, and the

. long run economics of integratad low Btu gasification/combined cycle facil~

ities were decreased by 15Z. ‘Thesa changes are much larger than the changes
assumed in the commercialization scenarie and should lead to much more
eignificant changes in consumers’ surplus, Table 4.46 illustrates the same
caleulations for the base case relative to the “cheap SNG" case that we
illustrated above for the bhase case relative to the early SNG case. Note
in the cheap SNG case that the net present change in consumers' surplus
exceeds that in the early SNG case by about a factor of‘20. Thus, it is
interesting to nate that any alternacive that can actually decrease the
long run eccnomics of second generation coal gasification technologies

Pays significantly more benefits than an option which merely accelorates
the availability of those technologies under base case assumptions. Tt
bears repeating that neither of these scenarios represents the Iong run
benefita:of commercial demonstration. They are simply hyopthetical
scenarios which are potential outcomes of commereial demonstration,
PRODUCERS'_SURPLUS

Turning now to producers’ surplus, we have assumed for the purposes
of illustrating the change in producer;' surplus that surplus benefits
to foreign preoducers are included neither as a cost nor as a benefit of
the program. Although this assumption i3 not necessarily correce, the
method by which foreign preducers' surplus is calculated by the model is
a very crude approximation to the supply/demand balance in.che world.
Hence, that number would be questionable, regardless. Table 4.47 contains
the U.S. producers' surplus in the.base case and in the early SNG case.
The nﬁmbars contained in that table are ampnual figures in billions of

dollars per year summed across all production of primary resources in
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TABLE 4.46
Change in Consumersg® Surplus
Cheap S5NG Case Relative to Base Case
{Net Present Value at 10%; Billfons of 197% Dollars)

Change in Consumers’ Surplus $43.3 Billien
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the Lower Forty-eight and Alaska. Calculations similar to the ones

described earlier are made for each primary resource in’ the U.S. and
accumulated by the model during the finzl iteration. Because certain

of the rasources are the most difficult aspects of the model to converge
(Fezources having very steep supply curves), the accuracy of this calcu-
lation is very much dependent on the degree of convergence of the model.
As we noted above, our gnal in computing these hypothetical cases was not
to converge tHe model to an extremely fine level. Therefore, the U.S.
producera! surplus indicated in Table 4.47 should be ragarded as very
approximate. Using these numbers, we subtract the U.S. praducers' surplus
in the base case from that in the early SNG case tec get the anmual change
in praducers’ surplus under this early SNG scenario. Finding the intra-
period net present value of the anpual profducers’ surplus, and then dis-
comnting these to the base year of 1977, one arrives at a fipure of

~$1.2 billio:, which was indicated in the Executive Summary. Even though
" this change in producers’' surplus is appreximate, it is encouraging that
the direction of this change appears correet. As a technolegy is made
more attracrlve, 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 today's producers of natural gas
knew that advanced synthetic gas could be produced at, say, %2.00/MMBtu
by the year 1985. Their propensity te withhold production of thelr gas,
waiting for higher prices, would certainly be lessened knowing that they
may not be akle to compete with that $2.00 gas once it is avzilable.
Therefore, they are likely to sell today's gas ar slightly cheaper rates.
The preducers' surplus and economic surplus caleulations for the early

SNG case are summarized in Table 4.4B.
LONG RUN ENVIRONMENTAL IMPACTS

The SRT National Energy Model includes a suebmodel that calculates
environmental residuals in each of nine demand regions and thirty supply
regions in the country. The residuals accounted for are:

SOx emigsions
NOx emissions
CO0 emissions
HC emissions
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1. TABLE 4.48

Change in Consumers' and Producers' ngplus

<

Cheap SNG Case Relative to Jase Cage
(Net Present Value at 10%; Billions of 1975 Dollars)

Change in Consumer's Surplus
Change in Producers' Surplus

Change in Economiec Surplus

182 §

$43.3
-17.7
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Particulates emitted

Aldehydes emitted

Shale waste production . .
Non-shale fossil fuel waste production
Radioactive wasre production .

Land requirements

Water requirements

The first six pollutants are air pollutants and the remainder involve
50lid and liquid waste products or resource requirements. The water

" pollucants output from the local model are aggrégated in non-shale fossil
fuel waste production. We will briefly discuss the methodology used to
keep track of each environmental residual in each region,

Suppose for every technolegy we know the following information:
1b SOfoHBtu Output

1b NOfoMBtu Qutput

acre~ft uater required/MMBtu Output

That is, we know the emission rate per MMBtu:.of output for every residual
and every technology. Figure 4,38 11;ustratea for the-case of elecriic
power generation from coal, If we know the power generazted over time, we
can easily caleulate the quantivy of each pollutant and the water require—
ments over time as a result of electric power generation using this tech~
nelopy. These emission rates are input for all elements of the natiomal
enargy system. Figure 4.39 shows part of the energy model nerwork, and
the residual production associated with it.

Adding the pollution rates by pollutant type and the resource re-
quirements over all technologies in a region, we cbtain the reglonal time
and resource requirement gver time.

-
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ENVIRONMENTAL EFFECTS

EXAMPLE: COAL-FIRED POWER GENERATION
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Suppose we plot SQx emissions over time in the local cbal—producing
region in which the commercisl 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 plota such as
those in Figure 4.40 in which SOx emissions increage in the ceal region
near the plant, but deersase in the demand reglon as a result of 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 explicitly calcu-
late regional production of the eleven residuals listed above in a way
that is consigtent with the economic effects discussed iu the previcus
seerion. The model caleulates a supplyfdemand balance and then calculates
regional residval projections consistent with the regianal supply/demand
balance. It is important to note that simmlating dicision making by cach
economic agent (oil preducers, auto ownera, utility executives, etc.),
the model assumes that decision makers ignore local environmental residual
producrion in selecting among fuel types. That is, residual levels are
not endogenized into the submodels that simulate decision making. The
residual mwodel used in this study, then, is merely an “accounting" madel
that computes residuals on a regional basis. The assumption that residual
levels do not enter into individual decision making may lmpair the model's
prodictive eapability in scenarice whire the level of at least one undesir—
able residual is high in some region of the country.

BASE CASE RESULTS - LONG RUN ENVIRONMENTAL IMPACTS
The environmgqul re3idual submodel of the SRI National Energy Model

has been run for the base cage. 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 with no propram. The base case for this
analysis assumes that a commercialization program is successful in acceler-
aring the availability of synthetic natural gas (both first and second

generation) and allied technologies such as the producticn of merhanol
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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 positicn of high Btu gas
from coal, which causes an increase in market shate. fhus, activity
should increase in the producing regions for coal gasification and
pollution may be reduced in the demand region 1if SNG displaces other
enexrgy sources.

The Powder River Basin in Wyoming has one of the world's largest
coal deposits. Under SNG acceleration, energy production ilucreases in
the area In the early 1990's; SNG output is 2.2 quads in 19%4 with a
commercialization ﬁrogram. and «3 quads in 1994 without one. Thus, air
pellution should increase as a consequence. Table 4,49 shows the tons of
air pollution emissions assoclated with energy production in the Powder
© Ruver Basip in 1994. All of the residuals increase, and with the largest
change in nitrogen oxides, an emission assoclated with coal gasification,

Much of the SNG produced in the Powder River Basin is transpox ted
te the North East Central demand region, a geographic area that includes
the Midwestern Great Lakes states and the major cities of Chicago, Derroit,
and Cleveland. In 1994 this area recelves l.I'quads of SNG when the
technology availability is accelerated, versus only .2 quads without a
program. While the SNG parcially displaces high Btu gas from other
sources, the market share for gas increaseg, displacing other fuels which
produce higher emiscions. Tszhle 4,530 shows the tone of a2iv pollutents in
the demand region caused by the end use demand for enmergy. Notice that
the increases are in parenthesis, denoting 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-burning high Btu gas. Other residval levels are essentially

unchanged.

The above discusaion has looked at some specific residuals at a point
in time In two geographic areas. The complete set of long run environ-
mental impacts is a very complex list: eleven residuals for thirty-nine

demand and resource ragions for each of fifty years. The dimensionality
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of such an ourcome surpasses the capacity of the human mind.- Causal ax-

planation of changes related to the increased ateractiveness of coal-
synthetic technologies is also difficult. 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 unmits by the

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

2 following section, 4.3.0. Anticipating the reader's more complete

understanding of the process, we will utilize the Social Value Medel’s
abiliry to map 2 complex, multi-dimensional cutcome intc a single measure,
the present value in dollars. The results of such 2 process are the total
engrgy system environmental residual present value in millions of 1977

dellars:
KNa Propram $ 54,226 M
SNG Acceleration 54,474 M

Increase $250 M

That is, & synthetic fuels commercialization program results in an increase
in the value of environmental emissions. This result illustrates a power—
fui feature of the SRI Hational Energy Model. By considering the complex
natnre of interfuel competition, secondary effects in the energy markets
are incorporated into the analysis; these effects can change the mag;i—
tude, and even the signm, 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 zre a result of supply
equaling demand in 2ll energy markets, for all reglons, over the whole
fifty-year time horizon. An example of such a secondery effect is shown
in Figure 4.:1, which depicts the imports of natural gas with and without
a syntheric fuels commercialization program. The increased competitive
advantage of SNG decreases the market share held by imported natural gas.
This has enﬁitonmental consequences. The production of SNG has residual
emissions mot assaciated with jmported gas. In fact; the environmental
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cost of imports is zero, for that cost is borne by the foreign.producing
gountry. The sum total of all these secondary environmental affects com-
bines with the primary results to yield the $250 million increase in

environmental cost with a synthetic fuels commercializationm "program.
SOCIOECONOMLC EFFECTS

A detailed local socioeconcmic model has been conscructed for this
analysis. Thies model was discussed in Section 4.1.3. To acecount for the

cumulative long term effects as wmany plants develop in the suppiy:' reglons,
the local model is driven by the SRI Narional Energy Model. We have assumed
that socioeconomic¢ effecrs are negligible in the demand regloms. The
impact of Increased population im the resource repions is included with

the environmental residual results.

4.3.0 SOCIAL VALUE MODEL

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

tural wodel which describes all che interactions resulting from a decision
to commercialize a coal gasification technology. The form of the model is
summurized in Figure 4.1, which is repreduced as.Figure 4‘.42a. It is a
synthesis of the local, short term model and the fééionél ahd“nétiungl,'
long term SRI National Energy Model. The outcomes from these ﬁadels.answer
the question of what happens as the result of any particular Qecision.
To evaluate the desirability of amy particular set of outcomes and hence
the corresponding decision, value judgments must be applied to the outcones.
This is the purpose of the social value medel. Im this sectlon, we will
discuss the raticnale for choosing the outcome variables and then the com-—
ceptunl basis for the soclal value wmodel. ¥inally, we will describe the
specific value judgments applied to the outcomes in the base case analysis.
OUTCCMES
The outcomes represent the variables that ERDA Office of Commercial-
ization monltors when making commercial plant selections. The particular
outcomes chosen depend on how the Office of Commercialization views the
purposes of its programs. Im identifying outcome variables we have assumed
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that the Office is guided by the follewing broadly stated goals.
Programs supported by the Office of Commercialization should help to
‘ 1. Provide for the material well-being of the citizens
of the United States;

2. Beek equitable resource distribution;
3. Encourage the wise use of natural resources;
4. Ingure beneficial socioeconomicAimpaets;
5. Promote energy independence of the United
States, while they
6. Minimize the cost of such programs to the
government.
The outcome variablee are the specific measurable quantities that“describe
how well pragrams are performing with respect to these general goals., We
will.briefly summarize how the vayiables we have previously {dentificd_
fit into this framework.
MATERTAL WELL-BEING

The primary measure of material well-being 1s the economic cost or
bengfir of the program messured by the change in economic surplus. As

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

the quantity and price of the gas produced.

Other variables that reflect directly on the material well-being of
people are whather their llves are safe and whether they have adequare
shelter. Thus the amounr of excess housing in the producing area and the
nuttber of deaths in the mine are important outecme variables.

EQUITABLE RESOURCE DISTRIBUTION

Tc measure how egquitable the resource distribution is, all outcomes
are caleulated as a function of the region of the country affected. Thus
the change in economie surplus is calculated as a function of both the
producing regions and the demand regions,

WISE USE OF NATURAL RESOURCES . L

" Environmental impacts are monitored ext;nstvely in the model. The
air pollurion, water pellution, land disruption, and water usage outcomes
afe all measures of how the natural resources. are being used and how the
environment 1s being affected by any particular decision.
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SOCIOECONOMIC IMPACTS ‘

.
D .

The variables that monitor the socioeconomic impacts of gasifi-

cation decigions are the excess socilal infrastruc:ure tme excess social
maintenance, and the population increase, all measured in the producing
reglon. The population increase is a measure of the impact of the plant
on the lifestyle of the people who would live in the area 1f there were
no plant. ?

PROMOTE ENERGY INDEPENDENCE

The goal of promoting energy independénce is very imporranrt for the
decision of whether or not to have a synthetic fuels program. However,

once the decision is made to have a program, as is the ca&% of synthetic
fuels, energy independence is no longer eritical to selecrtion between
bids, Thus, in building a Framework to evaluate coal gasification pro-
posals, we have not included any cutcome varisbles to monitor proéress
with respect to this goal,

COST TO GOVERMMENT

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

forming with respect to minimizing the cost to governement.

Table 4.51 summarizes zll of the outcomes that are input to the social

value model. Notlce that all outcomes are evaluated yearly and some are
evaluated as a function of reglon.

PREFERENCE TRADEOFFS

On first thought, the Office of Commercialization might try to miai-
mize all the costs and maximize all the benefits in choosing a cnaﬁigasi—

fication plant or plamts te support. Unfortunately, this is physic&lly
impessible, If one were to seek to minimize envirormental emissions,

potentially driving them to zero, capital costs and hence economic cost
would skyrocket. In this decision, as in almost all decisions, = balance
must be eatsblished, tradeoffs must be made.

Preference tradeoffs express in explieit terms how much of one ocutceme
the decision maker is willing to give up to cbtain another unit of some
other outcome. For example, consider the emission of SDx by a potential
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i OUTCOMES:
3

Matarial Well-Befng

economic cost (chauge in sccial surplus) ($/year) by region
pecupational deaths (deaths/year) in producing region
excess housing (units/year) in producing region

Wise Use of Naturazl Rescurces
Ai» Pollution

. particulates (tons/year) by regiom
WOox (tons/year) by region
E0x (toms/year) by region
bydrocarbans (tons/year) by region
CO0 (tons/year) by region
aldehydes (tons/year) by reglon

Hater Poliution

dissolved solids (tons/vear} by region
suspended selida (tons/year) by zegion
organics (tons/year) by region ' 3

Rater Usage
’déage (acre~foet/year) in producing region

Land Disruption

reclaimed land (acres) in prxoducing regicn ]
distupted land (acres/year) in producing region

Socloeconomic Impacts

excess social infrastructirve (§/year) in producing region
excess social malntenance ($/year) in producing region
population inerease (people/year) in producing region

Cost to Government

cost to federal povernment ($/year)

SIMMARY OF QUTCOME VARIABLES
Table 4&.51.
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gasification plant. The tradeoff on the sulfur oxides cutcome would
express how much the decislon maker would be willing to increase economic

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

tradeoff might be given by
$

Preference Tradeoff (Eﬁx to Economle Cost) = 180 E;;—ga;

which indicates that the decisiom mzker would be willing to incur a cost
of $180.00 to reduce sulfur oxide emissions by one ton.

Conceptually, preference tradeoffs can be thought about in terms of
indifference curves as shown in Figure 4,42b. Any particular combination
of the two outcome variables, economic cost and sulfur oxide emissions,
is a peint such as Xl, (3000 ton/year sox, 8100 x 106Iyear cost). All

the points on the same curve as xl are indifferenl ro xl. Similarly,

all points on any other indifference curve are indiffereat to each other.
Lf we think of the indifference curves asz defining the contours of an
indifference map, then more preferred points lie “up the preference hiil"
to the lower left hand corner. This merely indicates that the decision

maker prefers less sulfur oxide emissions and less cost,

If a particular outcome iz cobtained, then the preference tradecff
is just equal to minus the slope of the indifference curve through chat
point. Notice that in general, the preference tradeoffs change with the
cutcome. At X2 the 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 importamt factor that must be monitored; however, im evaluating any
particular deecision it is often not important. This is because the out-
comas like Qox emlsslons are measured against s background of emissions
fxom other sources and the new emisaions make only a relatively small incre-
mental iImpact. Thus it is important in assessing the decicion maler's
preference tradeoffs to assess them with respect to a specific operating
point.
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* To express the subjective values or preferences of the decision
f;_:ﬂ;g;, wa nead to speclfy tradeoffs for each of the cutcone variables.
Eachwﬁf“tQEse tradeoffs can be expressed in terms of a common reference
outrome séhh as economic cost. If we have a total of N outcome variables,
we have to specify (N=-1) tradeoff ratice, Wich these tradeoffs, we can
convert amy set of outcome variables resulting from a particular decision

to a meagure of the equivalent economic cost,

Equivzlent Ecomomic Cost =

T R I S Wl

where
PTkN = preference tradeoff of outcome k into the reference
outcome H (assumed to he ecomomic cosr)
The equivalent economic cost is a measure of the overall desirabilicy of
a particular decision reflecting the decision makers' subjective values
and preferences.
PREFERENCE TRADEOFF VALUES

For evaluating the base case defined in previcus sections of the

report, we have assigned preference tradeoffs tc each of the .ouktcomes
1isted in Table 4.51. These tradeoffs do not Tepresent assessmeﬁté of
ERDa persbnnel, but rather are SRI estimates based on the rationales
deseribed in the following paragraphs. The sensitivity of gasification
decisions to changes in these tradeoffs is discussed in the mext section
of the report.

MATERIAL WELL~-BEING

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

refersnce guteome so that its tradeoff is one by definitiom.

Based on recent work by R. A, Howard of Stanford University, a trade—
off of one millicn dollars is aseigned to every human life lost.

Excese housing measures the units of housing that are provided over
the required, or desired, figure. That is, if excess housing is -60 units,
the town is 60 houses short of providing the desired level of dwelling

units. There is a cost associated with excess housing when there iz a

-1 ' 200




housing shortage; extra houses provided produce neither costs nor

benefits. Where there is a housing shoi-age, the preference tradeoff
is given by winus 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 for the services associarted with the capital. The eight

percent assumes that a dellar of housing provides eight cents of housing
H;iue. The two percent indicates that the house provides the occupants

with the opportunity to do two cents worth of :ervice aceivicy for every
dollar of housing.

AIR POLLUTION
The following air pollution tradeoffs are used:

Pollutant Teadeoff in $/Ton
Particulates 20
Nﬂx 60
50x 180
Hydrocarbons 60
co 20
Aldehydas 60

A detsiled study was sponsored by the National Academy of Sclences to
estimate the cost of 2 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 cam be caleulated. 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 Scanford Research Institute, provided the preference tradeoff
for the oxides of nitrogen. It was felt rhar the adverse effects of

kydrocarbons and aldehydes are similar in magnitude to those from nitro-
gen oxides. Particulates and carbon monoxides were assessed as having

lesser impacts. (While particulates are thought to be highly correlated
with health damage, the particulates seem to require the presence of other
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air pollutants to cguse health problems.)
WATER POLLUTION
The water pollution tradeoff values used are:

Pollutant Tradecff in $/Ten
Dissolved Solids 120
Suspended Solids 120
Organics | 400

These tradeoffs are twice the tradeoff values for similar air pollutants,
The higher value reflects the greater concentration and containment for
the water medium.

WATER USAGE

The economic value of the water is included in the plant operating
cost. The water used will deerease the recreational and aesthetic value
of the water bodfes from which it is taken. The water removed is valued
at its cost for aesthetic and recreational value. It is assumed that the
economic value is an upper bound, For recreationazl ugers and viewers
could putchase the water on the open market and rveplace it if desired.

The economic value is $200 per acre-foor.

LAND_DISRUPTION .

There are two classes of costs {nd benefits associated with land dis-
ruption. First, the disrupted land 1s not considered aesthétically
pleasant and a tradeoff of $1,000 pér acre is assumed. Second, the land
disrupted could be used in productive activity. After the land is reclaimed,
it will again be able to sustain agricultural activity, which can be of
greater or lesser productivity. The agricultural opportunity cest is $100
per acre before reclamation. After reclamation, the land is sIightly more
productive, with a productive value of $120 per acre.

SOCIOECONOMIC TMPACTS

The excess social infrastructure is handled in a similar manner to
the excese housing. The tradecff on the excess infrastructure is minus
fifteen percent. The fifteen percent is made up of ten percent of capital
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PREFERCNCE TRADEOFES:

1
$1,000,000/death
-$2,500/unis

.

$20/ton
$60/con
$180/ton
§60/ton
§20/ton
$60/ton

$120/ton
$120/ton
$400/ton

$200/acre~-£fout

-§20/ocre
$1100/acre

§=.35/%
=L L
$500 /persim’

1%

OUTCOMES:

Harerizl Well-Belnp

ceonszic ¢cost {change im social surplus) ($/year} by reglon
occupatienat deaths {dcaths/year) in produclng reglon
excecs housing (units/year) in preducinp region

Wise Use of Natural Rescurces

Air Pellutien

particulates (tons/year} by region
¥Oox (ronafyear) by region

S0x (rons/yecar) by roglon
hydrocarbons (toosfyear) by region
€0 {tons/year) by vregion
2ldehydes (tons/year) by regfon

Mater Follution -

2izzalvad celids (mong/yedz) b7 regplcm
suspended solids (tons/yenr) by regiom
organics {tons/yeac) Ly region

Wnter Usage

,uf'nge v(ﬁsta—tec:lyenr) in producing region
Lond Disruption

teclaimed land (ocres) in producing tegion
disrupted land (acres/year) in producing Topion

Socigeconpmic Imnacts *

-~

excess soefal infrastructure (8/year) in producing repion
excess sotial maintenance (§/year) in producing reglon
population inercase (peoplelycar} in producing repien

Cost to Covernmont

coat to federal government ($/year)

SINEWARY OF VALUES OF PREFERENCE TRADEUFFS

TABLE 4,52
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charge, and five percent of services that would be associated with the
capiral, The tradeoff on excess maintenance is minus one. This just
means that a dollar shertfall in maintaining the social infrastructure
is equivalent to a dollar of economic cost.

The preference tradeoff assigned to the populatien increase in the
producing region is $500 per person. This represents the "change in
lifestyle" cost incurred by the introduction of the piant. The cosc of
every person introduced into the producing regicn who would not have been
there without the plant is $500 per person. ‘

COST_TO CGOVERMMENT

The numerous catepories of cost te government —- excluding povern—

ment transfer payments —— are sumnmed to yizld a yearly dollar fipure.

The preference tradeoff on this figure is one, indiczting that a dollar

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

cost. Transfer payments are excluded since they represent transfers of

funds between members of society and are thus not & net cost or bencfit.
TIME PREFERENCE '

The above tradeoffs allow the calculatlion of a dollar cost or bemefit

for each year of the gasification project. In order to take lnto account
time preference, also called the time value of meney, the dollar flows
are discounted to provide a discounted present value. The discount rate
used In ten percent, reflecting direction from the 0ffice of Manapement
and The Budget.

Table 4.32 is a summary of the preference tradecfis assigned to each
outcome variable. At present there is no differentiatiom in the tradeoffs

assigned to the different regional outcomes.

4.4.0 SUMMARY DISCUSSION OF THE BASE CASE

Each previﬁus part of Section 4 has discussed in derail an aspect of
the bid evaluation framework. The discussion of each topic has included
the assumptions, the results, and some fmportant sensitivities. This

section will summarize the preceding. There are three parts:
1. The majJor assumptions
2. Summary of the outcomes

3, Summary of the valued outcomes
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4.4.1 MATGR ASSUMPTIONS
The major assumprions defining the 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/stream day Lurgi plant is built. Node

Z shows the first plant outcomes; we agsume that the first Lurgi planr

is a success and produces 38 at an average price of $3.18/Mcf. While

it is possible to concedve of a4 lower cost plant, the potenﬁial is probably
greater for increased cost of Bas. Nodes 3 and 4 show that the first

plant produces Imouledge about first and 'seéond generatlon coal gasifi-
cation; we assume significant learning on firse generation production
methods. ‘The 1985 import price uncertainty is represented by Node 5

Wwe assume that the OPEC cartel ig strong, and that a high price for ifwported
oil provides a strong economic incentive For domestic energy productioq.
Nodes 6, 7, and 8 show the reactions of the govermment regulators, the.
financial cemmunity, and the utility industry; we assume that these groups
act so as“nut to inhibic the growth of a large SRCG industry. Nodes 9 and
10 represent the conditions in the markets for energy when a coal gasifi-
cation induvstry could be in place; we assume that these markets, Including
the status of the OPEC cartel, are favorable to a synthetics industry.
These general assunpticns are complemented by the detailed agsumptions
contained in the previous parts of Section 4. Remember- that this is just
one of the possible paths through the decision tree; actual policy decisions
would have to be based on the likelihood and consequences of taking many
similar paths,

4.4.2 BASE CASF OUTCOME SUMMARY

The first commercial Lurgi plant produces a trajectory of gas prices
over time, contained in Table 4.24, and veproduced as Table %4.53. These
gas prices are high in relation te those of competing gas supplies, and

this difference causes a luss of $526 millionm 4n consumer surplus bacause
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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 ip-
crease in population and shortages of social services and housing,
Ihis is shown in Fipure 4.19, reproduced 2s Figure 4.44. The plant
tauses an lperease in environmental residuélé in the local area; the
yearly emissions at full stream factor are shown in Table 4.54. The

government ineurs minor coste because of the first commercial Lurgi
Plant. The yearly amounts are listed in Table 4.33, reproduced as
Table 4.55,

The commercialization program has two major long term outcomes.
The availability of first genervation gasification technology is accelerated
by five years, 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 listed in Table &.56. This
can be translated into an Increase in economic surplus of $1.1 billion.
There is also a change in the long run guancities of envirommental
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
other energy saurces 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 1lists the summary of
the base case valves. When attempting to understand the coal gasification
bid evaluation decision, the relative size of each component provides
majoxr imsights, indicating the important impmcted areas. The magnitude
and sign of the total depends on the assumptions used, and the value
tradeoffs assigned. However, reasonable chanpes in'the value tradeoffs
have no effect on the sensitivitieglthat we have discussed.
Commercialization 15 & $245 million net producer of benefits under
the favorable assumptions of the base case. The major determinants of
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YEARLY Environmental Emissions from FirstﬁLurgi Plant

Residual

Adr
Particulates
Nitrogen Oxides
Sulfuzr Oxides
lydrocarbons
Carbor Monoxide
Aldehydes

Water
Dissolved Solids

Suspended Solids
Organics °

TABLE 4.54
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Emisslion, in Tons

602
6,152
32
113
415
39

3,540
74
35/




‘W YEAR  LABOR

COST T0 ‘GOVERNMENT

TRANSFER PAYMENT  ADMINISTRATIVE

COST, $M

TOTAL
COST 3M -

-4 300
-3 1400
-2 3400
-1 3700
1 2300
4 2 1900
§§£3To 25 1400

- COST, $M

€19
(.66)
(1.60)
L7
(1,08)
(.89
" (.66)-

. FIGURE 4755
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2.0
2,90
2,90
2,90

.50

.50
.50

1.86
1.34

S




this puwber are the economic factors. The first Lurgi plant economic
dutcome is the major source of cost ($526M), while the long run economic
benefits of accelerated technology avallability provides the major
benefit ($1,1004). The long run cost of eaviroamental residuals is sig-
nificant {$250M), but the envirommental impact of the first commercial
Lurgi plant ($27M) is within the noise level of the large numbers. While
the sociceconomic cost of the first plant is not too large ($52M), ity

concentration on & small number of people increases its impertance.
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1986
1389
1992
1995
1998
2001
2004
2067
2010
2013
2016
2019
2022

BASE CASE
PRODUCTION

{QBTU/YR)

0

0
-673
.897
2.455
5.592
9,56%
13,663
17.941
21.611
24,814

27.454
29.895

PRICES AND QUANTITIES OF SNG

PRICE

167] 21,1 341))

4.00
2.82
2.95
2.72
2.60
2.52
.47
2.42
2.61
2.43
2.64
2.46

TABLE 4.56
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PRODUCTION

{QBTU/YR)

.078
-235
1.975
3.306
4.842
6.938
10.534
l4.412
18.110
21.715
25.422
28.672
31.184

EARLY SNG

PRICE

{$/WBTL)

2.81
3.08
2.63
2.61
2.60
2.58
2,51
2.49
2.48
2,45
2,43
2.4%-
2.45



PRESENT SOCIAL VALUE OF THE BASE CASE

Cost of the First Lurgi Plant
Economic Surplus
Environmental Cozrs

Occupational Deaths
Air Pollution
Water Pollution
Water Aesthetic
Land Diéruption

Total Environmental
Sociceconomic Costs

Service Shortages
Change in Lifestyle
Total Socioeccoomic
Total Cost of Firge Lurgi Plant

Long Run Effacts
Econowlc Surplus
Consumers' Surplus
Producers' Surplus
Bet
Environmental Residuals

Total,
Net

TABLE 4,57

214,

12

28
24

- % Billiopg

Coata B

enefits
526
27
52
605 0
2,300
1,200
1,100
250
855 1,100
245
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SUMMARY OF INFORMATTON REQUIRED FOR EVALUATION

OF COAL GASIFICATION COMMERCIALYZATION PROPOSALS'

The previous sections develop a framework for evaluating cosl gasifi.
cation commercialization proposals. Thus, the informatica that Tespond-
ente to a request for proposal should furnish ERDA ro utilize the framework
is defined. Our intention is not in amy way to outline the document itself,
but rather to communicate what we think some of its essential contents
ghould be. ¥rom the bid evaluation perspective, it is ilmportant to communi-
cate two categories of information to potential bidders:

1. The basis for the evaluation of propesals, and
2. The information that bidders are requiéed to submit,
We will discuss these two categories in the following sectiens.

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:
Economlc Impacts

Price of gas produced
Quantity of gas produced
Distributioa of gas produced
Envitonmental Fmpacts

Alx Pollution:

Particulates

ND
x

5D
X

Bydrocarbons
Aldehydes

Co

Water Pollution:
Dissolved solids

Suspenided solids

Crganics
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Water Usage:

Water usage per year

Land Pisruption:

Disrupted land

Reclaimed land

Socioecononmic Impacts

Housing supply in producing region’

Sccial infrastructure in producing region

Maintenance of social infrastructure in producing region
Population in produeing region

Cost to Government

Cost to the federal government

These variables are essentially the outcomes that we have identified in
Section 4. The ounly 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 listing economic

surplus directly.

5.2 INFORMATION REQUIRED FROM BIDDERS

In general, potential bidders should be required to supply all infox-
mation that my be necessary to determine the impacts of thelr proposals
on the variablea listed in the previous section. In particular, bildders

are required to supply the following:
Economic Impacts

Price of pas produced:
L.. coal cost
2. operatiny cost, including:
a) labor
b) supplies
c) malntenance
d) property taxes

e) ete.
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3. capital cost, including: . -
8) debugging Tequired to reach nameplate capacity
b) recurring capital

4. cost of Pipelining gas to market

ALl of the above should be Supported by summary engineering data:
Quantity of gas produced:
1. per stream day, supported by summary
enginearing data
2. assumed strean factor, including atart-up
Distributicn of 8%as produced:
1. the geographic area
2.  the number of customers
3. the anticipated gas supply/demand plcturs
in the regton

Environmental Impacts

Alr Pollution:
1. the air pollutants emitted pex stream day
Water Pollution:
1. the water pollutants emitted Per stream day,
broken down by
a) surface discharge
b} deepwater discharge
Water Usaga:
1. acre-fest Per year as a function of
a) mine production
b) plant production
Land Disruption:
1. acres of }and dizrupted by mining
2. acres of land utilized by permanent facilities
3. use value of the land before mining
4. use value of the land after reclamation
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Socioeconomic Imuvsets

1.
2.

3I
4.

5.
6.

the conatruction labor force

the fraction of the construction labor

force imported from outside:}, the rroducing region
the operating labor foree )

the fraction of the operating lsbor force imported
from cutside the producing region

the number of 1living units provided by bidder
financing offeraed to producing region, including
payback requirements

The information outlined above is what is required f£rom the bidders to

apply the evaluation framework.
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APPENDIX A

Equations for Socioceconomic Model

This appendix contains the equations defining the sociceconomic model,
In the equations t is measured in years. Initial conditions, parameter valyes
and functions thar must be provided by the user are written in the form:

]

Pop_Growth =

In other wards, the user must "£111 In the blank" and specify the rate of

growth of population. The funcrions that we have used in defining the base
tase town are shown in Figures A=l - A-4 after the equations. Coupled with
the prose description in the text, the eguations should be self-explanatory.



: POPULATION SUBMODEL

.

; Population (z) = (i + Pop Growth) * Popularion (t-1) + Immigration {c~1)
G' .

Pop Growth =

Population (0) ®

Immigration (t) = Fraccion Constxuction Qutside % .
{Construction Labor (E) — Construction Labor (t-1)) #
Ave No People Per Construction Worker

+ Fraction Operatin Gutside *
(Operatifig_Labor (T) - Operating Labor (t-1)) #
Ave No People Per Operating Worker

i e ek

+ Immipgration Bate (t-1) % Population {z-1)

Fraction Construction Outside =

—_—_—

Cotistruction_Labor {(t} =

&ve_No_People Per_Comstruction Worker =

Fraction Operating Outside =
Operating Labor (t} =

Ave_Na__Penple_Pet_Operating_Worker =

Unemployment Rate (r)
. = Funeti s *
Immigration Rate (&) unction (Reg:].onal nemp Rate Social Services Multiplier (c))

Labor_Force (t) = Frac Pop_Workimg % Populatien (c)

Social Serviees Multiplier (t) = Funecion (Sucial_lnfreatruc_l’rov:lded (t-l))
Social_Infrastruc Required (t-1)

Begional Unemp Rate =

Frac Yop Working =




LOCAL ECONOMY SUBMODEL

Total_Jobs {t)} = Plang Jobs (r)
+ Retail_JYobs (t)

+ Other_Jobs
+ Gov_Jobs (t)
Plane Jobs (k) = Construction Jobs (t)

+ Operating Jobs (t) FEaE R

S

Soeial Investment Made {tr) Social Maintenance Frovided (t)

Gov_Jabs (&) = Ave No Investment § Per Vorker + Ave No Maintenance § Per Worker

Ave_No Investment § Per Worker =

Ave No Maintenance § Pex Worker =

. Retail Business (t)
Retall Sales Per_Employee

Retail Jobs (t)

Retail Sales Per Employee : x
Retail Business (t) = Population (t) * Ave_Spending_Per__‘Person.'
Ave Spendinpg Per Person = |
Other_dJobs (t) = (1 + Job_Growth Rate) % Other_Jobs (t~1)
Job_Growth_Rate =
6ther_Juhs {0} -
Construction_Jobs (it} =

Opearating Jobs (£} =

Labor_Force (t)} — Total Jobs (r)
Labor_Force (t)

Unenployment_Rate {(t) =




HOUSIRG SUBMODEL

Population (t)
Housing Required (t) =
B fiequired (t) Ave People Per Housa

Ava People Per Kouse o

Exipting Housing (c) = Existing Houaing (t-1)
+ Exopenous_Esusing (t)

+ Housing Change (t-1)

1f:"" Housing Required (c) > Existing Housing (t)

Housing Required (t) - Existing Houeing (t}
Housing Construction Telay

Then Housing Change (t} =

Else  Housing Change (t)- '- Housing Required (t) - Existing Housing (t)
& HousinLDestruc:ion Delay

Existing_Housing (G"',f .

Exogenous Housing (t) =

Bousing Construction Delay =

———

Housing Destruction Delay =

Indicated Tax Rate (t) = Tunction tGov_Revenua_Requ:Lred ()
Gov_Revenue Available (t)

‘tax Rate (t) = Rax_Rate (t-])
+ Indicated Tax Rate (t~1) = Taxz_Rate (t-1)
Tax_Adi_Time

Tax_Rate (0)

i}

b

Tax_Adj_Time

Tax_Revenue (t) = Tax Rate (t) « Property_Value {r)
*+ Retail Sales_Fraction # Retail Sales ()
Betail_Sales Fraction =

Indicared Property Value Inflation L Rate (r; = Function (Kousing_Required (EJ\
Existing Housing ()’

A=4



ROUSING SURMODEL (Contimued)

Property Value Inflation Rate {t) = Property__Value_Inflal:ien_Rate (t-1}

+ (Ind!.cated_Property_Value_Inﬂation_Rate (t-1) - Property Value Inflation Rate (t-1)
Property_?alue_Adj_Time

Property Value Adj Time =

Property Value (t) = Existing Housing (t-1) # Nom Val Per Houge
+ P:operty_Value_InElation_Rate (t-1) * Existing Houging (t-1)
* Nom Val Per House
+ Plant_Value (k)

TMlant;_Value (t) =




SOCIAL SERVICES SURHODEL -

Social_Infraur.-:{xc_ Requived (t) = Population (t) % Soctal Infrastruc Per Perscn

Social Infrastruc Pex Ferson = .

Socizl Maintenance Requirved (t) = Soctal Infrestruc Provided (t) Maintenance Cost Fraction
+ Out_Front Repayment {t)
+ Bond_Repayment (t)

Maintenance Cost Fraction +

Out_Front_Repayment (r) =~
Bond Repayment (t) =
If  Gov_Revenue Available {(c} > Sociel Maintenance Required {(t)
Then Social__Ma:l.n:enance_Prov.:l.ded {t) = Social Maintenance Required {t)
Remaining Gov Revenve {t) = Gov_Revenue_Availshle {r)
~ Soeial Haintanance_?rovided ()

Soelal Infrastrac  Provided (t) = Soeial Infrastru¢ Provided (t-1)
. # (1 - Social _Depreciation (t-1))

+ Soclal_Investmeat Made {t=-1}

Soctal Infrastruc provided (0) =

Social Deprecintion (t) = Hominal_Depreciation
Social Maintenance Required (t-i) Soclal Maintenance } Provided (t-1)
Nan Mz Intenence Depreciation # Social } “Helntenance Required

Hminal_ﬂepteciation -

¥on_Maintenance Depresfation =

If Remaining Gav_Revenue (t) » Sucial_lnfrasttuc_nmuhgd e}

= goclal_InfrastyueProvided (t}

Then
Social_Infrasttuc Required - Social_Infrastruc_Provided (t)

_ Sa cial_Investment Delay

Socinl_Investwent Made (L} =

Social_Investment Delay =

Else

Remaining_Cov_Revenue (t}

Soeial Investment Hade (£) =
social Investment Delsy

&6



SOCTAL SERVIGES SUBMODEL (Continued)

Else
Social Maintenance Provided (t} = Gov_Revenue Avallable

Social _Infrastrug Previded (t) = Sociel Infrastruc Provided (t-1)
& (1 - Social Depreelation (t}))
Social Papreciacion (£} = Hominal Depreciation

Social Maintenance Required (t-1) Socisl Maintensnce Provided (t-1)
Hon Maintenance Depreciation # Sceial Maintenance Required




LOCAL GOVERNMENT REVENUE SUBMDDEL

Gov_Eevenue Required (t) = Social Infrastruc Required (t)
= Secial Infrastruc Provided (t)
+ Spgcial Maintenance Required (t)

Gov_Revenue Available (t) = Gov_Revenue Available (:—-15
+ Tax Revenue (t)
+ Bond Bevenue {t)
+ Incergovernmeatal Transfers (t)

Out_Front Meney {t) =
Bond Revenue (t) =

Intergovernmental Transfers (t) =

Gov_Revenue Available (c)=
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LPPENDIX B

SR ENERGY MODEL
I INTRODUCTION

An erergy model should be a decislon-making ool designed to help those who make or recommend
encigy-related decisions. Because of the complexity of encrgy-related decisions a single energy model
cannot be aceurate or useful for broad classes of such decisions. An energy madel must be [ucused on
specifle declsions =0 that the sensitivity of & decision to Important assumptions can be checked, Fer
these Teasons, it is Important that those who use or criticize the cutput of an energy model understand
the methodology used in its construction.

This paper deserlbes an energy modeling methodalogy that can be used in evaluating decisions
affected by projections of future energy prices and quantitics. First, the aced for an encrgy model is
[ltustrated by & specific application at Gulf Olf Corporation. Typical cutputs from 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
ihis methadology. In Section I, the festures reguired in an energy model are discussed. Seetion [IL
discusses the basic, computational concepts of the methodology, and Sectlon 1V discusses tho apalications.

The Gulf Synthetic Fuels Decision

During 1973 and 1974, SRI worked with Guif to perform a decision analysis of alternatives for
producing synthetic fuels, One of the important altemalivzs facing Gull was whether to participate in
potential coal gasification ventures in the Powder River Basin {Monlanz and Wyoming). Such an under-
1aking would require investments in a gasification plant cosling approximately §0.5 billion, new coal
mines, and 2 pipeline to deliver plpeline-quality synthetic gas to Chicego or other distant markels. This
gas would compete there with natural or synthetic gas from other sources.

At the beginning of the decision analysls, intuitive arguments and conventionzl profit znalyses
demonstrated that the profitbility of a gasification venture would be determined essentially by the future
prices of pipeline quality gas in markets such as Chicago and the prices of coal in the Powder River Basin.
The projections of these prices over the thicly-.to forty-year construction and operating life of a gasification
plant were highly uncertain.  Although the technical and other business aspects of the venture were of
concetn, the majot detenminants of the venture’s profitability ~ and hencs {he strategic decision to build
os not — were the projections of fature prices of gas and coal.

In 1973, the future price projections for gas were very confused because of uncetiain government
iegulatory policy and uncertain naturs] gas supphies and consumption. Many energy specialists ware



farecasting a gap between the quantltles of gas that consumers would buy at the projected prices and the
quantitics that would be produced at the projected prices. Some specialists argued that this gap provided
an attractive market for synthetic pas, Thelr projected prices of gﬁs‘, however, wete considerably below
the prices required for a profitable coal gasification venture. Clearly, 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 g result of the confusion in future price projections forges, the projections of future priges had
to bo built from more basic information on natural gas resources and the effect of higher prices on natural
gas productlon. Similar information was required on other energy resources, a5 well as economic and
technical information on energy use, conversion, transportation, and information on government regulatory
policy. This additional information was tequired because infezfuel competition in several merkets
goographically distant from each other and evolving over time has 2 major effect on the prices of coal
and gas.

Syntheslzing the basic information necessary for projecting prices requires 8 comprchensive dynamic
model of encrgy supply, demand and pricing. Simple models or hand calculations cannot cope with the
necessary detail. The scope and detall of the model that was developed in the Gulf study are discussed
helow.

Model Output

Figures 1 through 3 are typical of the output penerated by the model used in the SRI-Guif decision
analysis. -Figures 1 and 2 show the prices and quaniities that represent a dynamic supply and demand
balance for the United States, and Figure 3 gives sume of thie underlying deail in the price and quantity
forecasts.

In Figuie i, the prices of primary resources are shown fa inciease as those resources are depletod.
(Wote that the prices are expressed In vonstant dollars.) The price projection for natural gas is of most
interest. In the mear teom, natural gas is attractively priced relative to other fuels and-its usage increases.
(The nominal case assumes no segulation of natural gas prices.) As the less expensive sources of natural
gas are depleted, the price of gas increases. Eveniually, the vse of gus begins to decline as other, more
economic fuels are substituted for gas in {ndusiral and power generation markets. Finally, beyond about
2005, the price of natural gas r'i'ses to o level that is set by the price of synthetic gas from coal. The rate
at which the price of matural gas increases is of great importance in determining the timing and profitability
of a coal gasification venture.

Figure 2 shows that as the prices of cunventional sources such as crude oil, natural gas, and high
sulfur (Eastern) coal increase, newer forms of energy such as nuclear, shole oil and low sulfur (Western)
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coal become competitive and essume significant shares of the market. Thus, beyond the year 2000 these
newer sources tend to determine ¢neigy prices.

In Figure 3, the usage of coal in the Powder River Basin is shown in terms of the symliexic fuels
plants and minc-mouth power plants that directly use coal and also of ths transportation modes that mave
caal for use in other regions. (The total guantity of coal shown here for the Powder River Basin includes
miost, but not all of, the coal classified in Figure 2 as low sulfor, Western coal.) Figure 3 clearly shows that
under the inputl axsumptions of the nominal case, gasificatior of Powder River coal is insignificant until
beyoand the year 2000,

The data shown in these three figures are a small sample of the output from the model, In addition,
prices and quantities at other major locations throughout the United States and prices and quantities of
distribisted products including synthetic fuels, electricity, and refined products were computed.

The prices and quantities shown in Figures 1 through 3 are based on only a nominal set from
emong the many sets of input information used in the Guif study. Sevaral sets of inpt information
wers uged to determine the sensilivity of the projections to changes in input information. For example,
the effects of possible changes in the prices of imported crude oil, the cosis of new technelogy, the
growth in demand, and the potential reserves of domestic oil and gas were determined. Some of the
projestions were fighly sensitive and some were highly insensitive to ehanges in input information. Thus,
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the projections in these figutes should not be uscd by others for decision-making purposes without un
understanding of the cffects of the input information.
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11 FEATURES

We have emphasized that energy models must be teilored to specific decision problems. Features
required in 2 model for one prnb!er'n may not be required in the next problem, or the next problem
may require additional features. On the other hand, considerable overlap oflen accurs between features
required for one energy decision problem and those required in the next. With this in mind, we will

describe some of the energy modet featurcs that are important in strategic, energy decision problems
such as the Gulfl synthatic fuels problem.

Complexity

In most cases, a decision problem concerning a new energy conversion technology, such as coul
gasification, is very difficull or impossible to isolate from the energy system within which jt must
operate. Often, the economics of end use, transpuriation, and resouree production will play a major
role in determining what resources are produced, how they are transported, and how ihey are used. The
complexity of the x_f.'x’obdeling problens is illestrated by Fipure 4. This shows Lhe vzrious steps in the U.S.
energy system — beginning with primasy resources in the ground and their conversion into uscful energy
{heat in the living room or steam from 2 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 begins with Jow sulfur coal that is
mined underground, transported by slurry pipeline, converted'into a gas, and used in @ combined-cycle
power plant to generate electricity that is distributed to residential consumers for use in a resistance-
heating device 1o produce space heat in the living room. For the SRI.Gulf study, the model had to
incorporate all the passible paths represented in this figire.

Logistics

The cost of moving energy from one location to anolher con bni‘n‘tv‘cruclal factor in the overall
economics of using primary resources to satisfy end uses. For exampie, the cost of iransporting coal
by train from Wastern mines to Eastern markets is such llm(vllle”pﬁce of coal in the East can be three
times the price of coul in the West. Whercas, i this coal is converied Lo a liquid fuel, the trunsportation
costs over the same distance are relatively small. Thus, in problems where transpbrtation 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, & mep of the United States, shows the eight demand regions and the numerous cual, crude ofl,
natural gas, and shale resource hasins used in the Guif study.

Dynamics

s

Mast cagporate investment decisions and"piblic policy decisions have implications over long periods
c.f ‘lmc. A mpdel {het characterizes the energy systern only at specific points in time cannot reflect
imyonant t.hange.s in technology and demand nor the effect of depletion of the resource base. Also,
the capamlms of the energy system in any time period are highly dependent on previous invesiment;
'\r\d current investment decisions depend on projections of future prices. Finally, in the short-term,
. ser.undary markels for Scarce commogitics such es pressure vessels, surface mining equipment, drilling
rigs and human and institntionat behavioral charactesistics Hmit rapid chenge and have long-term conse-

quences. AN of these dynamic effects are incorporated in the general methodology and the existing
SR1-Gulf model.

Basic Economics

Given that the supply and demand of a resource both vary with price, what is the piice that will
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balance demand with supply? Every basic econamics text discusses the solution for the cese of o single

sesource, illustrated in Figure 6, but real sitwations typically entail multiple compeling resources and

dynamic effects. Because of the resulting complexity, many approaches 10 energy modeling avoid
_explicit balancing of supply and demand at 2 market clearing price, In this methodology, a computer
‘--‘i-norlel is used to combine curves such as those in Figure 6 with a network reptesentation of the U.S.
energy system and realistic models of the elemeﬁts of the“enesgy system such as transportation links and
conversion industries. This gives the advadiages of both the basic economic approach and the detail
required For realism.

For example, the existing model uses supply curves to describe the total quantity of a primary
Tesgurce that couid be produced in « resource region at various prices. These curves are developed by
holding costs and technology fixed and using available data and the judgment of exploration and produc-
tion speclalists to estimate the quantily 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 resotirce
to a given year in a specific location. This quanlity is then used to find the price on the supply curve
that would be required for additional production in that location and year, Finally, these prices are
adjusted for the effects of inflation, techuological change, short-run dynamic effects, and econcmic rent
(the difference between the price of a resourge 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 meaningful 1o these who must provide and
teview them. Some approaches to modeling use regrassion analysis on large amounts of historical data
to determine the parameters of the squations that make wp the model. Other 2pproaches use abstract
inputs such as cross-elasticity coefficicnts and input-output coefficients. or arbitrary censtraints on
growth rates and resource avatlability. The problem with such input is that the data are often uxintelli-
gible 1o specialists who have the knowledge to judge its accuracy. However, a mode that decomposes
an energy system inlo Its basic elements — such as production, transportation conversion, and end-use
technologies and behavorial considerations — facifitates description of each of these clements in the
most meaningful way. For example, the SRI.Gull modef uses capitat cost, operating cost, and thermal
efficiency data obtained from Industry specialists to deseribe conversion and 1ransportation industries,
Structuring model input into numerous specialized data aress enables experts with in-depth, specialized
knowledge to contrihute data without having to understand all of the details of the model. Furthermore,
this form of data can bc communicated easily to anyone who wants to understand the model.



Specific Features

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

Ecamomic Renr - Dwners of energy resources will not sell their resources al cost plus retiern wn
investment if they belleve that they can obtain a higher price. Thus, the prct of a resonrce is deter-
mined not only by the cost of producing it, but also by competitive fuel prices and the scarcity of the
resource. Economic sent, the increment above marginal cost that must ke paid to 4 resource owner 1o
induce him to sell, is large when the price of @ tesource i rising rapidly as a result of rzpid depletion,
This phenomena of cconomlc ent is fundamental to emergy pricing and Incorporates fease bonus payments
and windfal profits.

End-Use Demand Elasticity - In tesponse to higher prices of a fuel, users may reduce consumption
by turning down the thermostat, using less steam, or driving less. Alternatively, they may substitute
2 less expensive fuel. In modeling end-use demand, it is important 1o distinguish between the effects of
true reduction in the consumption of usable enerpy and the substitution of other fucls. The existing
model emphasizes the substitution effect because the Gulfl synthetic fucis decisions were somewhat
sensitive 10 it. The existing model cxcludes usable energy clasticity because sensitivity analysis showed
that the decisions were relatively insensitive to the price elasticity of usable energy oves the range of
prices eéncountered. Nevertheless, deiailed price elasticities for usable energy demand cun be incorpuaned
within the existing model for analysis of prablems sensitive to usable encrgy clastisity.

Financing, Accounting, and Taxes ~ Significant differences in financing practice, accounting con-
ventions, and taxation exist among the various sectors of the encrgy market. For Instance, the financing
of ragulated public utility investments differs significantly from that of oil company investments, Also,

accounting and tax conventions differ from pro:ieet to project. The mode! explicitly accounts for these
differances.

Market Share — Under perfect competition, the allocation of demand amonrg olternative sources is
trivial — the demaiid Is always ellocated to the lowest priced source. In the real market, however,
behgverial considerations and market imperfections such as consumer fuel preferences, discriminating
pricing, and variations in costs all come into play. The modet describes such phenomens by using
empiricelly developed market share curves to relate market shases to prices.

Initial Enerey Balance — The current U.S. eperpy balance s a starting point for the evolution of
the energy system aver time. The current allocation of demand among cxisting sources must be included
as input to the moda) so that the dynemic elfects incorporated in the model are provided the proper
initiat conditions.
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Secondary Industries ~ In times of rapid expansion of capacity, growth is often discouraged by
high prices of cquipment and manpower used to censtruct new plaats, Thus, the model jncludes approxi.
mate submodels of secandary industries producing such critical items us drilling rigs and surface mining
equipment, These submadels compute the prices of sccondary items for a given demand pattem. When
a higher price is required for a secondary item the result is higher capital costs for those plants requiring
the items.

Behavioral .ag — Most organizatiuns and individuals respond slowly to changing tconemic conditions.

Instead, we often wait to sce proven success before we change our ways. In addition, laps are caused by
the time required to plan and construct new facilities. The net effect is that economic actions respond in
pafl 10 past prices as well a5 (o cutrent ones, Clearly, uncertainty and sisk aversion contribute 1o this
effect. Because of the importance of this effect, empirically determincd lag parameters are used in the
model.

Technological Change ~ Leaming e[fects are important in determining the prires of future energy
products. Over time, technological impravements lower the capital cost of existing processes (expressed
tn constant doliats). In addition, entirely new rechnologjes such as fusion ot coal liquefaction become
commercially avallable and must be 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 the realism that can be built inlo models
constructed by using this methodology. Because so many aspecls of an energy system can be integrated
in an energy mode} using this methodology a major by-product of a madel is the understanding developed
concerning how these aspects relate to each other and to cnergy decisions.
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Il COMPUTATION

The application of the basic economic concept of balancing supply and demand to an imperfect
market system that contains essentially thousands of supply and demand cueves is an imponant consider-
ation. The equilibrium mechanism of the market supplies a clue on how to apply this concept, If the
market price is lwo low, demand exceeds supply and the price will rise to the point where supply and
demand balance. Conversely, if the markel price is too high, supply exceeds demand and thus the price
will fall. The network price ileration algorithm that provides the foundation for the SRI 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 ate at the top. In between these curves is the network
describing the entire energy system. The SRI-Gulf madel has about 2,400 materials, processes, and Irans.
porlatien links. A morerial is a primary resource, product, or usable form of energy at a specific Tocation.
A process tepresents a sector of the energy industry such as coal mining or gasificetion at & specific loca-
tion ¢r  class of consumers using a particular enesgy-consurning device. A fransportation link represents
the economics of moving o materlal from one location to another.

To get a sease of the many paths in the network, consider first the path where copl is mined, con.
verted into synthetic (high Btu) gas, piped to 2 demand center in a demand region, distributed to indus-
trial users, and consumed as boiler fuel to produce steam. The same end-use market couid be suppled
by roal transported by unit train, distributed to the same industrial users, and used in a bofler to produce
steam. These two paths can be traced in Figure 7. In the SRI-Gulf model, there are fourteen end uses
(such as industrial steam) in cach of eight demand regions and thirty pitmary resource supplies (such as
coal) In the various resouree basing illustrated in Figure 5. The alternative technologles In the model in-
clude all important types of electric power generation (producing base, intermediate, and peak load power),
sweet and sour crude ol refining, shale oil sefining, high- and low-Btu coal pasification, coal liquefaction,
solvent refining of coal, methanol from coel, and hydrogen production from coal and nuclear fuel,
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Network Price Iteration Algorithm

The network price iteration algorithm operates in much the same way that the U.S. encegy system
operales to determine the prices thut result in g balance between supply and demand. To illustrate. we
begin at the bottom of Figure 7 und roughly estimate the quantity produced over time ‘of each of the
primary resburces and products throughuut the nctwork.* On the basis of these estimates of primary
resource production, the resource supply curve and other dynarnie information are used to compkte
tentative prices of primary resources in cach time periot.§

We'then move up the network along al paths simultaneously, and compute tentative prices of
the products. These product prices are computed by using models that account for the capilal and
vperating costs of cach of the cunversion prucesses, transportation links, distzibution links, and end-use
conversion processes thut deseribe the energy network. Where two or mare soutces of o material com-
pete, wa usc appropriate rules for delermining the price of the matcrial, given the prices from the sourees.
Wien we reach the top of the network, we have computed tentative prices of usable cnergy for each
end-usc sector in each demand region over time.

. At the 1op of the network, we begin a downware pass. We apply the prices of usable energy to the
usable energy demand curves 10 determine the quentity of enerpy needed lor each end use in each time
period, As we work down the network, we allocats the required quantity of matetials 1o competing
sources bascd on the tentative prices computed on the upward pass. In addition, the required quantities
ara incrensed 1o accuunt for the thermal losses in entygy conversion and transportation. When we reach
the bottom of the netwark, we have a new estimate of the requircd quantity in each time petiod for
each of the primary resources, We then repeat the iterative process: the new estimates of production Jead
to nuew prices that are passed up the network and result in new demands that are passed down the
network. This iterative process is continued until it converges; that is until no significant change in prices
and quantities accur on two successive iterations,

This network pricing algorithm is summarized in Figure 8. In practice, addilional (cchniques are
incorporated in the algorithm to guarantet convergence and to account for the behavioral and other
festures of the methodology mentioned earlier.

It is important to recoguize that the dynamic asgects of this approach ate not equivalent to using
a static model in each of the time periods. Rather, the prices and quantities in each period are determined

*In the current SRI-Gulf model, the time hordzon ks the year 2025. The 52 years from 1973 to 2025

are broken Inte |7 time periods. These time periods are of unequal durztion to aliow more detail in
the years (hat are important for the decision problem.

FThe price of a primary rasource also depends on economie rent and the price of stcendary malerals
such as drilling rigs and surface mining cquipment,
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by dynamic relationships that interrelate both past and future prices and quamities. Current prices
depend on future prices because the price of a product required to justify a rew plant to produce that
product is affected by profections of future prices. Also, current capacity decisions depend on previcus
prices and decisions begause of resource depletion, existing capacity, and behavioral ag,

Another Important computational considerstion is that models produced by this methodology are
nonlingar and usually unnni-iié’trained._ Linear programming is not used as & computational iool. Tihe
mathematics of this methodalogy reduce to the iterative solution of a system of nonlinear equations thy) .
are the cconomic, technical, and hehavioral relationships that describe an energy system. The solation of
these equations is the set of prices and quantities that form the output of the model. Arbitrary constraints
on the availability of scarce resources such os limitations on plant capacity, primary resources, and surface
mining equipment are not needed in the mode! as they are in some other appruaches. In this methodology,
we explicitly model the higher costs of such resources as they are depleted {resource supply curves) or
when there is a temporary shortage {secoadary industries mode]). In the gase of natural gos regulation,
however, constraints on the price of gus as determined by regubatory policy are incleded; and the
secondary reactions of the market, such as supply.demand imbelance, are explicitly represented.

Driving Forces of the Model

At this point, the question of “‘what drives the model™ often oriscs. Paradoxically, supply and
demand curves are the key inputs required to forccast supply, demand, and prices. The important
differenee between the input data and the output forecusts is that the inpuls arc price-quantity curves
while the outputs are market clearing {equilibrium) quantities and prices. To illustrate, in the textbook
case of Figure 6, the supply and demand cuves are inputs while the masket clearing price and quantity,
Py and 0, are outputs. Many conventionol approaches lo encrgy forecasting attempt 10 directly predict
market clearing prices and quantitics over time wheress in this approach prices and quantities are
caleulated on the basis of more fundamental inputs such as supply 2nd demand curves and the cconomies
of conversion, transportation, and disuibution. Thus, the model does not climinate the need for expert
Jjudgment. Rather, it chunges the task from directly predicting future prices and quantities 1o modeling
-relationships between prices and quantities.
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IV APPLICATIONE

No single energy model can address the critical issues of every enargy problem.  However, by build-
ifig models that are fundamental, comprehensive, and decision focused and by measuring sensitivities
to various inpuils and assumptions, we can impsove our understanding of what is important. In this way,
information gathering, analysis, and management sttention can contribute to improving the quality of
decisions.

Corporate Applications

‘The existing SRE-Gulf model and the discussion of the Guif synthetic fuels problem serve as an example
of what can be sceomplished by using the methodology described here. For many corporate applicatiung
entailing U.S. energy markels, the model can be used with relatively minor modifications to improve the
datail end information in areas to which the decisien is sensitive. For some clzsses of deeision probiems,
the model could be uszd gs a general planning and forgeasting tood, hut eare would have to be exercised -
in the interpretation of the ‘mode! cutput. For problems having an internations] or specific regional
scope. detail can be enhanced or reduced as needed. For example. 2 world anergy maodel presumazdiy
would use less detail in the U.S. markes, but could use essentfally the same compuler programs,

Government Applications

The need for modeling in government energy decision making is al lesst a5 great as that in business
decision making. Twao main differences are evident betwozn public and private sector decisions.  First,
the government makes decisions reparding taxes, price controls, impurt restrictiors, leasing policy, environ-
menial controls, RED expenditures, and other instruments of public policy. The purpose of these policy
decisions Is 1o achicve a more socially desirsble functioning of the nation's energy markets. Ordinarily,
however, It is exeremely difficult to predict what effects these decisions will have on private sectar
behuvior, Often secondary reactions of producers sad consumers dilute the intended effccts of decisions.
In some cases, the decisions may actually be counterproductive. For example, a decision lo increase
Yaxes 5o as 10 reduce consumplion of one form of energy may have little effect or may lead to adverse
environmentat and economic eftects through substitution of other fuels.

The secand characteristic that distinguishes government decisions from private sector decisions s
the great complexity of sccizl preference questions cneountered in creating public policy. in addition



to ba'ing concemned about energy prices and quantities; govérnment policy makers must try 1o balance
outcomes related to environmental polluﬁun. cmployment, safety, balance of payments, dependence on
foreign supply, industry profits, taxes, and govermmenl expenditures. Caleulnting these outcomes is a
difficult, but feasible task. Once the basic prices and quantities of enersy praducts are established.
value judgments can be used to evaluate tradeolfs among the social and environmentsl outcomes. These
judgments form the basis for overall measures of saciz] benafit and cost. These mecasures can then be
used for evaluating alternatives just as profil was used as an overall messure in the Gulf study.

Techniques for analyzing the social preference aspects of public policy decisions have been evelving
rapidly in the pest fow yexss. SRI hos developed and applied such techniques in project work fur various
ugencies of the U.S. Federal Government and fur foreign governments. These sovial preference techniques,
together with this methodelogy for construciing encrgy models that account for secondary reactions of
producers and consumers, provide a comprehensive, lugica) approach to the analysis of national cnesgy
poiicy decisions.

Qther Applications

The methodology itsell has broad potential applicution bayond energy problems, 1t is useful in
constructing models of cemplex markets characterized by interproduct competition and regional differences
arising from product Lransportation costs. In essence. it ullows the construction of practical, realistic
models in areas where simple economic models huve been attempted, but have fallen short of predicting
market behavior. Such problem areas include food, land use, raw materials, international trade and
finance, and monetary-fiscal policy. As our soclety becomes mare intesdependent and caplal-intensive,
we can expect to sse the dovclopment of inereasingly more comprehensive and realistic models.
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APPENDIX G

Regulation of Natural Gas

Introduction

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 operation, the model assumes no price or guants:
ity regulation of any” kind., It 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 asctions. This assump-
tion is probably descriptive of the interactions among energy producers and
consumers, but clearly cannot handle questions of gavernment regulation,

where the government can change the operation of the market through unilateral
actian.

Tn order to understand price regulation of natural gas, we must model
the cavironment in which individual decisions will be made under the price
vegulation. That is, we pust understand how individual decision makers,
acting in their own interest, will tend to act under regulation. To illus-~
trate, pas price regulatiom will dry up gss supplies if the producer is not
allowed to sell each increment of gas for at least irs incremental lifting
cost. On the other hand, gas price regulation will not dry up gas supplies
if the producer is allewed increwental lifting cost for each increment.

In this section, a methodology will be developed For wodeling how gas
producers’ decisions will be affected by natural gas price regulation. These
models then ean be incorporated into a comprehensive energy model such as the
SRI Energy Model to test the effect of gas price regulation on the entire
energy systam. We will give special attention to changes in producers’ and
consumers' surplus under price regulation.

Analysis of Regulated Markets -

The starting point of the analysis is comsideration of the supply
end demand curves that exist in the market before price regulation. Fipure
¢-1 shows these well known curves. The non-regulated equilibrium is pric.epe
and quantity g_. ’ '

Consider the supply curve shown in Figue C-2. It shows that more gas
willl be offered for sale as the price in the market gets higher. The cause
of this ie the fact that there are many sources of gas, and they differ
in cost of production. The figure constructs a hypothetical supply curve
by ranking the sources by increasing cost. If the price is above p,, it
is ecomomical to produce all on-shore gas at depths up to 15,000 feét, and
all off-shore gas in water less than 800 feet deep. However, the price
must be raised to p, before all the possible scurces of synthatic gas would
be offered for sale in the marketplace.

A similar exercise iz performed for the demand curve in Figure C-3.
As the market price drops, more gas is demanded. The hypothetical demand
curve orders the uses of natural gas by how much a user is willing to pay
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for the prodect. If the price is Pos only petrochemical plants will pur~
chase gac., The price must fall below p; before gas would be used for
electric power generation. B

Price control is implewmented by introducing a price ceiling, p_. in
Figure C-l. MNo supplier (producer) of natural gas is allowed to sell Bas
at a orice that exceeds pc.n‘If p. 15 less than P.s there will be a
shortage of natursl gas, because suppliers will only offer ¢, Eoxr sale.
(If p, is greater than p,, the price ceiling will not affect the market
price and quantity.)

It is convenient to think of price regulation as chauging the supply
gurve as shown in Figure C-4. The original supply curve is follewed until
P, is reached, Then the supply curve goes infinite, indicating that there
efists no price that will elicit a larger quantity into the market. The
quantiry demanded is q.. The supply curve intersects the demand curve =zt
p.. If there is no misallocation of gas, the marginal value would be p..
That is, if the pas is allocated according to who would pay the most for
it, the last agent allocated gas, and the next person to recelve gas 1f
there was one more small increment of it, value the gas at py. Fp is
what economists call a shadow price. However, they would only pay p.
due to the regulated price celling imposed upon the market.

Figure C-5 looks at producers’ and consumers' surpluses in the regu-
lated market. The producers' surplus is the differance batween what
the product sells for, p_., and what it costs them to make it, represented
by the point on the suppiy curve. The producexrs' surplus for guantity °
Q. is the cross-hatched area between p. 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 pald For the gas, p_. The
total consumers' surplus at quantity g, is the cross-hatched ares between
the demand curve and p,. The regulation of price causes a loss of total
surplus, the solid area. There are agents on the demand side of the
market that are willing to pay wore for the gas than it costs producers
to produce it, and the quantity belween g, and g, represents the lost
consumers' plus producers’ surplus opportunity.

The preceding situation deces not represent the total effect of
regulation that exists in the natu-:1 gas marketplace; the Federal Power
System uses an allocation system’: - allocate the existing quantity of
gas. Since this scheme is not hac:? upon the economlc reasoning above,
so that py is the marginal valuatimn of gas, it is pecessary to do more
detailed modeling. The allocatlon system breaks gas users inte priority
classes, and allocates the gas Us the higher priority classes, Priority
Classes 1 and II, first. Remaining quantities of gas are then given te
the other priority classes if available.

Figure C-6 represents the markets under the allocation scheme. The
total market is segmented into Priority I and II users, and all other priority
classes. The regulation agency has divided the available gas supply, q_,
between the two swugments, giving q; to Priority I and IT users, and gp to
‘the other prilority classes. This "allocation scheme debermines che value
of an incremental gas quantity in both markers. These are represented by
V, and V, for the Priority I and II and other markets respectively. As
drawm, Figure C-6 shows an inefficient sllocation. Since the value in the
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other market, V5, 1s greater than the value in the PI and II mavket, V,,
consumer surplus ceuld be increased by tranaferring 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 valuve (shadow price)

P, which would exist if the quantity of gas q_ was mllocated by user value.
(Ehis allocation of q, would not recoup the 16st total surplis from Figure C-5.)

The sbove discussion structures the natural gas market under price
regulation and allocation. To understand consumers' and producers’ surpius
in such a market, consider the following example. Assume that the govern-
ment causes a coal pasification plant to be built. The gas produced is all
allocated to the PI and IX market. A new market price is calculated by
"roiling-in" the coal gas. That is, the total amount paid before govern-
ment action is added to the cost of synthetic gas cost, and this figure
is divided by the sum of the original quantity plus the quantity of coal
gas. If the quantity of syathetic gas is 9 and its cost is cgs then the
new price reflecting the roll-in is

.
the pew quentity is q + qg: The PY and II market has a new gquantity of

q; + q_, while the otfler market quantity remains q,. This is showa graphically
in Figlire C~7. (It is assumed that P 18 low enmough so that quantity

9, + q_ would still be purchased.) The value of the gas is the ecross—

hatched area in the Figure. The demand curve represents the willingness

of the gas consumer to pay, so that the arez between the demand curve and

the axis, and the 9 and q, + q lines represents the value of the incre~
mental gas. (A cost beneflt analysis would compare this value with the

costs of producing qs.) :

It would be valuable to know the marginal values before and after
the introduction of synthetic gas, Vy and V§. However, since the markets
do not clear, these quantities cannot be obsexrved. if the demand curve
for the PI and II market is known, then the values nan be solved for.

If the demand curves are not knowm, vy and V¥ can be bounded. If q, + 15
is purchased in the PI and TI markets, then is greater than p,. "This

is seen by looking at Figure C-7. Also, P, 15 greater than Vy. Previous
discussion demanstrated that i *s the value (shadow price) of the gas if
-1t 48 optlmally alloeated. Thus, P, has to be at least as larger as V,.
If the allocation system assigns any gas non-optimally by assigning moTe
gas to the PI and II market, then the value of the marginal increment of
gas drops, Thus,

Pe2V 2y
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