The total capiral spending 1s §12794 in current dollars, up from $1100M4.
This creates the {nicial rate nase of $1349M, compared with the copstant
dollar rate base of 11824, I=n the £ifth year, the Tate base of §1268H

is made up of $868M of debt and $AGOM of equity. The jnterest charge is
.09 x 868 = §76M. The return on equity is &00 x -15 = $61M. (Tha $61M

is higher than 400 x .15 because of return on working capital.} The
income taxes required are 564H. Depreciation 15 $60M per year- The final
component of the cost of service is the by-product credit of §31M. 1In
suwmary?

Curzent $, ¥

B —

O&M : ' ~264
faterest on debt 78
Return on equity - 61
Taxes on income Y66
pepreciation . vﬁ&o
By-product credics (311
5499

This produces a gas price of 499 = 82.123 = 6.08/McE. A gimilar exeréise
produces 3 trajectory of gas prices in current dollars listed im Tahle 4.23,
and plotred in Figure &4.13. Notice that gas price increases sglighrly, re~
¢lecting the Fact that inflation is causing OsM cost to Srov €ascer than
capital—telated charges decrease.

Discounting this cost of service back to 1975, 499 % (1.05)9 = §3224
in 1975 dellars. Dividing by the g3s production yields & 1975 dollar gas
price of §3.92/Mct. This 1s contrasted with & 54.93/McE for the pase
case neglecring jnflation. The loweT price is due to the fact that the
capital cost componients of the cost of service have aot inflated to &%
high a level a& the rest of che prices in the economy. 10 jliuscrate this
point, the current dollar costs above are discounted o 1975 dollars, and

conpared with the base case auml LSS
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GAS PRICE
IN CURRENT DOLLARS

YEAR PRICE
1 9.33
2 6,35
3 5,95
4 6,01
5 6,08
5 6.16
7 6,24
8 6.33
9 6.43
10: 6.50
1 6.66
12 6.79
13 6.92
14 7.07
15 S -
16 7,59
17 7.57
18 7.76

19 7.97
20 8,08
21 8.15
22 8,23
23 8,33 -
24 8.U5 .
% 3,58

AVERAGE PRICE - 7.19

Table %.23
79
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Fifth Year Cost. of Service

- Category Base Caséll975 M ..-Inflation Considered
O&M 170 170
Interest on debt © 69 50
Return on equity 53 230 39 171
Taxes on income - 56 43
Deprériation 52 39 !
By-pfoduct credits (20} . (20)

__Total 380 322

The D&ngésts are equal, but the irems related to the rate base are sig~
nificantly lower ($230M versus $17IM for interest on debt, recurn on equity,
and taxes on income). )

The modzl applies the above procedure to calc&late the inflation-
corrected gas price trajectory., Table 4.24 lists the price track from the
altered base case. Figure 4.14 plots the prices, and compares them with
the base case prices. The inflation—-corrected prices dare lower, represent-
ing the gain due to the lower inflation on the rate base-relared cost cacte-
gories. ,

It i3 also possible to look at the cash flows to equity,'set out in
Table 4.25. This should be compared with the base cése figures contained
in Table 4.7. The entries in Table 4.25 are im r.utrént, or inflated,
dollars. These would be the actual cash flows that would occur over time.
The equity flows are larger, reflecting the investment of a larger number
of dollars and the increased payback required. This increases the rate
base, and causes the profit figures to be higher (§61M versus 353M). Since
inflation increases the O&M cost every year, and working capital is one
eighth of the O&M account, there is a continual smail investment in working
capital. The profit earned on the ever 1ﬁcreasing working capital causes
the slight upward trend in profig. However, except for this slipght tread,
the profit 4s E£lat over the middle years of plant operations, after the

investment is completed, but before depreciation starts td repay the equity
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GAS PRICE |
INFLATION EFFECTS INCLUDED

YEAR PRICE
1 7.31
2 7.74
3 - 4,23
y - 07
5 3.92
5 . 3,78

.7 3,65
3 3.53
g C 3.4

10 3,30
11 3,20
12 3,11
13 3.02
14 2,94
15 2,86
16 2.79
17 2.72
18 ] 2,65
19 2.59
20 2.51
21 2.41
22 2,32
23 2,23
24 2.16
25 2,08

AVERAGE PRICE - 3,13
Table 4.24
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* BASE CASE
INFLATION EFFECTS CONSIDERED

84

EQUITY . CASH FLOW | CUMULATIVE

veAR | INVEST  WORKING CAPITAL PROFIT  ITC | T0 EQUITY | CASH FLOW
-y ~28.9 0 0 0 ~28.9 -28.9
-3 -60.6 (] 9 0 -60.6 -89.5
-2 {-127.3 o | ] ~127.3 ~216.9
-1 { -66.9 -5.6 o 0 -72.5" ~289.3
1 -18.8 1.1 55.1 D 35.1 -254.2
2 -19.8 -0.7 581 0 37.7 -216.5
3 0 -0.4 61.2 D. 60.8 -155.7
] i -0.4 61.2 0. 60.8 -94.8
g 0 -0.4 61.3° 0 60.9 -34.0
& 0 -0.4 1.3 - 0 60.9 27.0
7 0 -0.5 61.4 0 61.0 87.9
) 0 -0.5 61.5 @ 61.0 148.9
0 0 -0.5 61.6 0 6L.1 210.0
10 0 =205 61.6 0 61.1 271.1
11 0 -05 61.7 © 61.2 332.2
12 0 -0.6 §1.8 0 61.2 393.5
15 0 -0.6 61.9 0 61.3 454.7
14 0 ~0.6 - 62.0 0 1.3 516.1
15 0 -0.7 62.1 0 61.4 577.5
16 0 -0.7 62.2 0 61.5 $38.9
17 0 -0.7 62.3 0 6.5 700.4
18 0 -0.8 62.4 0 61.56 762.9
19 38,1 -0.8 62.5 0 99,7 861.8
%0 60.4 «0.9 56.9 0 116.4 978.2
21 60.4 -0.9 48.0 0 107.5 1085.7
22 60.4 -0.9 39.0 0 98.5 1184.2
2% 60.4 -1.0 30.1 0 89.5 1273.7
2 60.4 -1.0 21.2 0 80.6 1354.3
95 60.4 21.7 12.3 0 94.4 1148.7

ROE = 15.92
Table 4.23

1



investment. The ITC column is all zeros, reflecting the fact that no

investment tax c;eg;t;effects have been considered. The return to equity
‘is 15.9%. Tl _
The gas pricéa can be caleulated for combinaticns of ITC passthrough
to the customers and a sercharge dﬁring construction. Figure 4.26 sun- .
marizes the results-By listing the average gas price for each possibility.
The average gas prices have the same relaticnships between them as in the
" non—inflation case, with =11 of the prices lower. The returns to equity
were also calculated. However, the results were :almost idencical wich che
numbers from the previous amalysis in Table 4.20, and are not reﬁroduced.
SUMMARY CF BASE CASE RESULTS '

. The Financial model, used te analyze the base case defined in Tabie
4.2, provides the following major results: '

1. The trajectory of gas prices, showm in Figure 4.l1,
averages $4.13/Mcf. The sensitivity of this averége
price to changes .in base case assumptions is shown in
Table 4.6. Soq? effects can be appreciable. TFor example,
if maintenaunefpost is 8% of capital, the average price
increases to 54;96!Hc5.

2. Return nn;ﬁﬁéity is sensitive to the ITC treatment. Table
4,15 shows that the return can be in excess of 20Z. Special
cases may be possible that provide returns in the range of
30 to 50%. '

3. & Surchargs duftig Constructivi provides consumers with
an opportunity to vary the magnirude and timing of paywents
for the gas.

4. Inflation has the effect of reducing the constant dollar
average price from $4.13/Mcf to $3.18/Mcf. The detailed
relationship is shown in Figure 4.14.
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FINANCTAL MODEL OUTGOMES .’

The finsncial model outputs the following variableé, &1l corrected
for inflation: ’ :
1. The trajectory of gas prices at the plant gate,
2. Thé surcharge pald by customers during Eonstruction, and
3. The actual returns to equity under a wideyrange of
assumptions abéﬂf investment tax credits. '
Strictly speaking, none of these variables are outcomes in that they are .
not fed directly into the soclal value model. However, the price traject=
ories are important inputs to the SRI National Emergy Model, which” is used to c:
culate the economic impact of the gasification plants.
4.1.3 LOCAL SOCIOECONOMIC MUDEL

el

Construction and opération of gasification plants have significant

potential social and econmomic impacts on the local area in which the plants
are built. By "localf we mean an area within roughly so“io 100 miles of

a plant. All of the §otential plants would be located in relatively sparsely
populated areas in the West —- nearby towns have populationrs in the xange
of several hundred to a few tens of thousands. Building even single plants
that require 3000 construction workers and 1000 to 1500 operating workers
poses both far-reaching problems and opportunities for such areas. The
influx of workers and their dependents implies demands for housing and
public services that such areas may be hard pressed to meet. On the other
hand, particularly in the:longer range, the employment and potemtial eco—
nomic stability offered by the plant provides opportunities for develop—
ment that wmany would deem worthwhile. Inm ary case, the lifegtyles of

many of the Ynatives” of the area will be permanently altered.

The purpose of the sociceconomic model is to relate the impact of
private and govermmental déhisions to local sociceconomic sutcomes of
Interest to national decisien makers. This process is outlined in
Figure 4.15. Besides the actual establishment of the plant, typieal private

decisions that directly affect the local area are whether or not to provide
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wotker housing; whether ta rrain lqchl workers or- te import skilledgl

workers; whether to provide loans or gramts for public facilities; and
80 on. Similarly, the federal government might provide loan guarantees
or outright graecte to the communities to develop social services, or state
governments might provide for transfer of tax revenues to local juris-
dictions. These decisions interact with the existing conditions in the
town and region in which it is lo¢ated-:a yield the local socioeconomic
outcomes listed to the right in Figure 4.15 —— population, unemployment,
housing, and social services. We will define these ovtcomes much more
precisely later in the section; For the moment, they represent the general
categories of impacts that we are considering.
CHARACTERISTICS AND STRUCTURE OF THE SOCTOECONOMIC MGDEL

In any town there are a variety of social, political, and eccnomic

proecesses going on. The sociceconomic model does mot attempt to represent

all of these processes in detall -~ it focuses on rhose that are most
important in deseribing the evolution of the town. There is a housing
market in which certain numbers of living units of varying quality are
available for a varlety of prices. Because of its importance, the model
contains an explicit housing submodel. Some people in town may have par-
ticular advantages ir furthering their own interests because they are
cousins of the mayor. The model does not attempt to address these sorts
of interactions. In general terms, the key atrributes of the medel are
that ie focuses on:

1. Interacticns -— the interactions and reciprocal relation-
ships between the important local socioeconomic variables
are represanted rather than just looking at each one in
isolation.

2. Dynamics —- many of the potential problems in lecal areas
are ones of timing; for example, needs for service precede
revenues to provide services. The model represents the
impacts on the socioeconcmic outcomes over time.

3. Agpregation —- the interactions in the model are at a
relatively aggregate level. For example, in modeling
economic phenomena, detailed market price behavior is not
represented, but rather a description of the resulrs of
this process is offered.

39



Finally, the model has been designed to provide a larpge degree of

flexibility in performing sensicivicy analyses and testing alternative
decisions.

The principal interactions represented in the socioeconomie model
can be cutlined as showm in Figure 4.16. The model can be thought of
in cerms of five submodels:

1. Population

2. Local economy

3. Housing

4. Social services

3. Local government revenue
The popelation model represents the population dynamics of the town.
We assume that workers come to the tewn in response to Job availabiliry
and leave if jobs become scarce. Initially, most new jobs are a direct
consequence nf the plant; however, other jobs are generated in recail
business and in the provision of social services. In addition to leaving
the area because of job scarcity, workers will also, leave if public
services are lnadequate over too long a period.

The local economy submodel takes account of the plant on the local
economy, focusing partieylarly on the impact on unemployment and retail
business. .

The relationship between existing housing units and the demand is
represented in the housing submodel. It is a deseription of the overall
interaccicns that take place — not a detailed supply/demand model based
or matker price. For property tax purposes, a measure of property value
is calculated by relating existing housing to demand.

The soclal services submodel caleulates the social services that
would be desirable as a function of population and determines what can be
pProvided with existing revenue sources. A distinction is made between .
investment in soci{al infrastructure — schools, roads, and so on -— and
the maintenance of existing Ffacilities. Jobs generated in previding social
services are Input to the local economy submadel.
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able levei.

i I

3.

3.

Sources of funds available to the local government —-— property '
tax, retall sales tax, municipal bends, transfers from other governmental

bodies, and money provided by the gasification companies -- are tepresented
in the local government revenue submodel. The property tax rate is sensi-

tive te the level of services provided compared to the rvequired or desir-

A gasification plant would directly impact each of these submodels

in a variety of ways. The most imporcant potential impacts are:

Population —— Plant affects immigration directly through
number of workers rhat must be imporred, and indirectly
through adding more jobs to the general pool. The fractien

of workers that must be imported from outside the ares ie

an important paramecer under at leasr partial contrel of the |

gasificacion company.

Local economy -- Plant adds jobs and indirectly generates
retail business.

Housing — The gasification cowpany could affect the
housing market by providing either permanent or tem~
porary housing for workers. From the sociceconomic

point of view, this is an important decision vaviable.

Social services -- The company could provide scme social

services directly, although provision of funds is wmore
likely-

Local government revenue — Revenue for government services

could be provided either on z grant or loan basis, either
by the gasification company, or by the federal government

as part of the commercialization program.

g2
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By serting inirial condirions and parameter values appropriately, the
wodel outlined in Figure 2 can be used to represent the impact of a

gasification plant on any small Western town. It can alse be used to
test the sensitivity to both alternative sets of assumptions and to
different governmental pelicies, such as grants and municipal loan guar—
antees.

DETAILED INTERACTIDNS

In rhe last secti'n we cutlined in general terms the interactions
in the sociceconomic model. In this secrion we will discuss our assump-

tions in more deratl.* Figure 4.17 represents rhe derailed interacctions
represented in the socioeconomic model. Most of the wvariables represented

in the model are showm, along with the variables with which they interact
direetly. The figurs is drawn as a causal interaction diagram. An arrow
between two variables indicates that rwd wvariables interact directly.
The direction of the arrow indicares which variable affecrs .the other

and the sign on the arrow shows the sense of the interaction. Thus the

interaction between population and retail business

Popalation + —»= Retail Business

indicates that populatien directly affects retail business and that an
increase (decrease) in population causes an inerease (decrease) in rerail
business, if all other variables are held constant. Similarly, the minus
sign on the interaction between unemployment and immigration Indicares
that an increase (decrease) in uvnemployment decreases (increases) immigra-

tion.

Notice that by carefully representing all of the direct interactions
beiwaen variables in the model, many complex indirect imteractions are
evantitally represented. For example, Suppose population is increased.

One of the effects of this is to inerease retail business, which generates
more jobs so that total jobs are increased. This in turn decreases the
unemployment rates which czauses immigration to increase and Finally causes
population to increase. Thus there is a positive, or deviation simplifying,

feedback loop. However, it interacts with many other loops. The same

* Readers not interested in the detail can skip to the next section.
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original inqrease in pupulatiun lesds to am increase in the labor force
whiuh caus"a increase in unemployment. This decreases immigration and
hencé” popula:ion. This is a nepative, or deviation decreasing, Feedback
loop. To understand the potential interactions represenred in the model,
we will outline the assumptions made in each submedel.

PORPHLATION SUBMODEL*

Population grows at a fixed rate plus iumigration., Tmmigration is
a Function of both the fraction of comstruction and vperating labor that
must be imported £rom outside the area and the unemployment rate and level
of government services. If the local unemployment rate is small relarive
to the larper region in which the area is located, more people Hill tend
to immigrate. Xf the level of pgovernmeat sexvices provided idis below the

level that would be desirable for a particular population, people hxll
eventually tend to emigrate.

LOCAL ECONMOMY SUBMODEL

The total nuwher of johs available at any given time is the sum of
plant jobs, retail jobs, government jobs, and other jobs. The other jobs
represent ranching and farming jobs, other industrizl jebs, fimancial
jobs, and othér jobs not explicicly modeled. They are assumed to grow at
a fixed rate. Plant jobs are input as either construction or cperating
jobe. Government jobs are determined by dividing the level of government
servizes by the average number of dollars spent per worker. There are two
categories of government wrokers — those invelved in bullding capital
facilities and those involved in maintaining existing facilities. Retail
business is found by multiplying the total populatiem by the average
spending per person. Retail jebs can then be determined by dividing the
total recail business by an average amount of retail sales generated by

an smployee. The labor force is caleculated by multiplying population by
the fraction of the people that work. Finally, the unemployment rate is
just equal to the labor force minus the total jobs available divided by
the total jobs avaflable.

HOUSING SUBMODEL

A measure of the housing required is calculated by dividing the total
popula:iodjby the average mmber of-peaple perjliving unit. The dynamics

* The eguations for each submodel are included in Appendix A.
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of the housing market are then modeled descriptively asg follows: If the
housing required is preater than the amount of housing available, new

housing is constructed at a rate proportional to the difference with a
specified average construction delay. Until zdequate housing is avail-
able, people are assumed to double up and te live in substandard units.
If the amount of existing housiné is greater than thaé required, then

the housing stock depreciates ar a rate propertional to the difference
with a specified average depreciation time. Housing can also be supplied
exogenously independent of the operation of the market as might be done

by a gasificacion company. The overall property value of the housing
stock Is found by evaluaring rhe stock atr a nominzl value per unit and

then taking account of inflacicn caused by any imbalance between required
and existing housing. The property tax rate ‘45 a function of the ratfo
of government rsvenue requiren to provide a desirable level of social
services to the actual government revenue available. Account is taken of
the time delays inherent in the social and po@itical processes that accom-
pany changes in tax rates.

SOCIAL SERVICES SUBMODEL .

Two different types of activities are distinguished in the social

services submodel. They are investment in socilal infrastructure such as
schools, courthouses, toads;'%nd so0 on, and maintenance and operation of
existing facilities. For each of these categories a “required” figure
and a “provided"” figure is calculated. The "required” figure reflects
levels that would be desirable and the "provided” figure reflects what
can actually be accomplished.

The social services Submoégl is based on the assumption that there 1is
a level of investmenr in social}infrastructure that is necessary to pro—
vide a set of adequare and desiéable services such as schools, police,
roads, and s0 on, in a communiny} This figure is commonly thought to be
in the range of $5,000 to §7,000 per person. Thus, a level of required
social infrastructure can be found by mulciplying the population times the

required social infrastructure per person. The amount of social maintenance

required te operate and maintain existing social iInfrastructure is some
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fracriocn of rhe social infrastructura actually in place plus repayments of

loans and bonds as necessary.

In actuality, the amounts of infrascructure and maintenance provided
nay be different than the required amounts depending on the amount of
revanue available. In spending avallable Funds we assume that maintenance

is provided for first. If there is adequats money available to also cover
invesrment in new infrastrﬂcnure, the money is spent at a rate proportionmal
to the difference between whar is required and what is provided,. with an
average .time delay to account for the lagg'in implementing and completing
capital préﬁe&ts. When possible, new lnvestmenl c¢overs not only new
facilities, but also depreciation of old facilities. LE theve is not ade-

quate revenus Lo cover required maintenaade, then enly partial maintenance
»

is provided and no investmenr, causing the soeial infrastructuss’ to begin

I} "
te depreciate. o F
”

LOCAL GOVERNMENT REVEKUE SUBMODEL . i

Local government revenue is collected from four Sources: propercty

tax, including the plant property tax, bond revenue, intergovernmental
transfers, and money from other sources (principally loans or graants from
gasification companies).

LOCAL SOCIOECONOMIC MODEL RESULTS

The local socioeconomic medel has been run to demonstrate the inter-
actions captured in the model, to make a preliminary assessment of the
implications of intreducing a plant into a remcte environmment, and teo
explore possible means of mirigating the resulting impacts. A base case
has been comstructed representing a hypothetical Western town where a
gasification facility might be bullt. Table 4.27 is a ﬁetailed listing of
the assumpticns for this case. The town starts with 5,000 citizens.
There are enough jobs to produce an unemployment rate of slightly less
than 5%. The housing stock and existing soclal infrastructure are suf-
ficient to support the existing population. The state government provides
1M of outside support per year.

Three important variables are plotted over time in Figure 4.1B. The
bottom axis represents time. The negative numbers are plant construction

years, of which there are four. (This has nc meaning Eor the base caseé.)
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Tahle 4.27

BASE_CASE TOUWN ASSUMETIONS

Popuiation Submodel

Initial Popufation

Population Growth Rate
Population Percent in Labor Force
~ Regional Unemployment Rate
service Adjustment Time

Local Economy Submodel

Initial Other Jobs

Other Job Growth Rate

Average Maintenance Per Government Employee
Average Investment Per Goverament Employee

. 1pitie] Retail Sales

Average Sales Per Retail Employee

Hous ing Submodel

Initial Housing Units

value of a House

House Building Delay

House Destruction Delay

Average People Per House

Initial Property Tax Rate

Tax Adjustment Time

Initial Property Value Infiation
Property Value Adjustment Time

Social Services Submodel

Desired Social Infrastructure Per Capita
Social Investment Delay

Initial Social Infrastructure

Social Maintenance Fraction

Nominal Depreciation Rate

Local Government Revenue Submode?

Inter Governmental Revenue Transfers
Sales Tax Rate
Initial Town Tresury

98

5,000
1%
35%

58 -

5 years :

1280

12
$10.000
$100,000
$10M

$50,000

1818
$25,000
2 years

20 years

2.75

2%
4 years
1%
2 years

45,500
3 years
$27.5M
10%
5%

$11/year
1%
$0
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The years labeled 1 to 25 are the 1ife of a gasificatrion plant. The
top graph shows the town's population. It grows slowly cvei Lime,
responding to the slow growth ef the economic base of the community.

The bottom praph has two percentage plots. One shows the percent of
the required housing that is provided. It 1Is essentially 100Z, being
slightly less to reflect the lag in the housing market. The second
1ine traces out the percent of required social infrastructure provided.

Tt initially drops, and settles at about 20%. The town is slightly short

of tax base, and cannot raise enough tax revenue to provide and support
the required social infrastructure.

Tn interpreting the plots of required housing and infrastructure pro—
vided, it is important to keep clearly in mind the sense in which the
world "required” is used in the model. The required level of housing is
the number of living units that would be necessary to house the total
population at amy time if an averagz of 2.75 people lived in every house.
When the amount of housing pfovided {g less than the required level, we
agssume that people double up and live in substandard units. The required
figure is a number used for comparison. Similarly, the required soclal
{nfrastructure is the-dmount of infrastructure that would be required if

$5,500 worth were provided for every person in the population.
SENSITIVITY ANALYSIS
Seven senslitivity runs were made., All introduce a coal gasification
facility into the local area, and trace the sociceconomic impacts.
Various witigating measures have been attempted. The assumptions for the
base case are retained, except for those changed as listed in Table 4.28.
Case 2 introduces the plant into rhe area without any attempt to
reduce the adverse effects. The 1ocal labor foree is increased by the
construction and operating associated with the gasification venture.
The tax base is increased by $100M when plant start-up occurs. The full
plant value is §1,100M, The fact that only part of the plant value 1s
included in the local tax base vepresents an attempt to model the amaunt
of tax revenue that will flow to the town from a large Eacility located
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Table 4.28

Changea in Aggumptions

Case 2
Plant Labor
Year nl -3 -2 ~1 i 2 3 to 25
Construction 206 1200 2800 2800 1000 500 0
Operation 100 200 600 o0G 1300 1400 14¢0
Assessed Value of Plant
Year -4 to =1 1 to 25
Assessment, ‘ 0 100
tase 3 = . : L
Same as Case 2 except: N
Exogenous Housing Provided, New Units per Year ' . .
Year -4 -3 -2 ~1 1 to 25 1
Units 50 . &S0 1500 500 8]
Case 4 :
Same as Case 3 except: -
Qutfront Money )
Year -4 to -1 1 to 25 ﬁ
Amount per year, 3t 10 ] "
gutfront Money Repayment
Year =& to -1 1 to 25 =
Amount per year, §M o 1.5 .
Case 5 . . %r
Same as Case 4 e&xcepts
Plant Assessed Value o
Year -4 to -1 1 to 25
Assessment, §M 0 1,100
case 6 - 5
Same as Case 3 except! '
anérnment Transfers
Year ~4 to 2 3 to 25
Tranaferred Funds, $M 10 6
Case 7
o s o T

3 4 5 to 25

Sawe as Case 1 excepr:
-2 -1 1 2
1000 250 6 .

Y A -3

Plant Labor
Year
Construction 200 1000 1600 1500 1500 1600
Operating 100 200 560 200 1060 1100 1300 1400 1400

Case 8
Same as Case 7 exceptt
Same Exogenous Houslng as Case 3

as in Case 3

Same Outfront Monecy and Repayment
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Just outside its legal boundaries. The results of introducing the
plant axe shown in Figure 4.19. The top graph shows that population
increases rapidly during coastruction, and settles down after plant
start-up to a figure of about 12,000. The housing marker is initially
unable to provide the desired housing. There is a building boom, which

overreacts In the early plant operatlon years. The market eventually does
reach an equilibrium of about 100%. Social infrastructure is not adequate
to support the population during influx. Over rhe long run, the greatly
increased population cannotr he supported by. the increased rtax base.
However, almost 90X of the required-infrastfucture is provided, compared
to the 80X achieved by the tcwn alone in the base case.

Case é is shown in Pigure 4.20. The same plant is introduced into
the area. However, exogenous housing of 2500 units is provided by some
outside entity. The populatfon growth is slightly higher than in Case 2.
The additional housing stock gemerates a broader tax base, providing moTe
ravenue for government services. The higher level of government services
induces more citizens to remain in the town after completmon of the plant.
The housing shertage during construction is much less marked. The social
infrastructure is slightly improved from Case 2, reflecting the higher
tax base caused by the additional houses.

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

a series of $10M grants are made to the town during construction, with
repayment of $1.54 Quring plant operatiom. Figure 4.21 shows the resulcs.
Pq%ulation is similar ro other plant ruuns, with slightly higher growth
due to the more acceptahle level of soeial services. Again, the exogenous
housing input has reduced shortages. The social infrastructure shertfall
has not been eliminated -- it would be almost impossible to provide infra-
structure for such rapid growth — but is has bheen significantly reduced.

Case 5 makes on addition to Case 4. The exogenous housing and out—
front movey is gtill provided, but the full plant value of $1,100M is
included in the loeal tax base. Housing and population are essentially
unchanged from Case 4. There is, again, a slight increase in the popularion

1oz
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due to the increased level of social amenities. The increased tax base
does mot start until plant operation, so that the inirial shortage of
sociﬁi'infrastructure is not reduced during construction. However, the
town now has sufficient funds to provide the desired infrastructure in
the long rum. Figure 4.22 illustrates this case.

Case 6 drops the out-frent, repayable money and full assessment
assunptions. Instead, the intergovermmental transfers of funds to the
town are increased, greatly at first to build iInfrastructure, and at a
reduced rate latﬁr to maintzin the existing base, Figure 4.23 provides
the graphics. The plot is almost identieal to the previous Sigure. The
early government funds duplicate the effects of out—frent money, while the
revenue transfers during plant operation provide results similar to the
Increased tax base of the previous ease.

Case 7 introduces a new plant construction schedule, "phased" con-
struction. While the final capacicy is rthe same as in former cases, it
is builr in two stages, requiring eight years of construckion instead of
six. No cutside momaey or housing is provided, so this case should be
compared to Case 2. lntuition would indicate that phased construction,
with its lower peaks in construction labor, would cause less chaos.
However, the result is contrary, as demonstrated in Figure 4.264. The
shortfalls in housing and social services are almost as great at any
period of time, and persist for a longer duration. The secioecaonsnmic
impacts of phased construction actually seem more severe.

Case 8 attempts to mitigate rthe impacts of phased construction. The
same amount of exogewnsus housing and ovt-fromt money is provided as in
Case 4., As Figure 4.23 demcpstrates, prnéress is made. However, paral-
leling the results of the previous case, a2 mitigated phased construction
schedule impacts the local community in a less desirable manmer than a
witipated regular construction time table.

DBETATLED FMODEL RUNS

The lecal socioeconomic model is very cowplex, capturing numerous
interactions of the social system. For the reader interested in building

a moge ¢omplete understanding of the model, the detailed outpurs of Cases
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1, 2, and 4 are listed in Table 4.29. These zesults, and the equacions
listed in Appendix A, can be studled at the desired level of detail.
SUMMARY OF LOCAL SQCIOECONOMIC RESULTS

1'

2.

5.

in Fipure 1,
1.

2.

3.

4.

Thqﬁanalysis of the impact of the gasification facility on the base
. case town provides the following resunlts:

The local community will be strongly impacted by the
introduction of a ceal gasificatlon plant.

Varlous combinations of measures can help reduce the
impacts on the town.

The labor force build-up associated with a plant is
so vapid that total elimination of adverse lwpacts
appears very difficult, 1f not impossible, to achieve.
Long run help, in the form of increased government
transfers, or inclusion of the plant in the local tax
base, is required to support the increased population
in the town.

A phased construction schedule appears undesirable.

SOCIOECONOMIC OUTCOMES
The cutcomes from the socioeconomic model, defined In general terms

can now be defined moxe precisaly:

Population inerease over base case measured in

number of people _

Houring available minus housing required measured

in number of units

Social infrastructure provided minus social maintenance
required measured in dollars

Social maintenance provided minus sccizal maintenance

required measured in dollars

All of the variables are calculated yearly throughout comstruction and
the 1ife of the plant.
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4.1.4 COAL MINE MODEL

The cosl mine model keeps track of the ceal that must be provided
for the plant, the number of lives lost mining the coal, and the dis-
ruption of the land resulting from mining and plant operation. The
amount of coal mined is calculated directly based on the thermal -
efficiency and stream factor of the plant. The coal mining deaths are
proportional to the tons of eoal mined.

The land utilized by the plant aﬂd mine falls inte two categories:
First, permanent facilities are erected on land; that is, land is utilized
throughout the project life by plant and mine permanent facilities. The
second contributing factor to land disruptinn is the mine. Two years
before the plant stert-up, pre—stripplng operatlons begin in the mine.

Coal, is mined throughout the life of the plant. It takes three years,

after mining, te restore the land to approximately its original state.

Thus, at any time during the plant aperation, four years worth of mining
acreage is disrupted. The model accounts for land disrupted by mining

over time, including start—up of mining and the reclaiming that takes place=t
after the plant shets dowg, The model also keeps track of the amount of
land that has been reclaimed at any rime.

MINE OUTCOMES

The cutcomes from the mine model are the number of deaths related to
coal sining and the amount of land disrupted each year afrer isiciation of ‘
plant construction. The air and water pollutants associated with the mine

ere included in the plant emissions.

4.1.5 WATER SUPPLY MODEL
Under some conditions, extensive gasification facilities might wtilize

a significant fraction of the water avallable in a given region. This
would have undesirable impacts both in terms of withdrawing the water
from other petential uses and In causing an undesirable aesthetic impact.
At present, rather than developing s detailed model of the water supply,
we have a simple accounting relatiouship that keeps track of the cotal
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aﬁount of water used by the gasification plant and mine. If.the mag~
nitude of water usage appears to be of critical significahee,%the nodel
can be elaborated at a later date.

WATER SUPFPLY OUICOMES

The cutcome From the water supply model 1s the yearly amount of

water utilized by the plant and mine. Water pollution is accounted for
in the plant model. '

54.1.6 GOVERWMENT CAOST MODEL
Although, as we discussed in Section 2.0, the cost to the goverament

can be migleading if it ls comsidered in isolatiom, it is still an outcome
of interest. The government cost model accumulates six categories of coso:

1. ‘Subsidies

2. Construction grants

3. Adainistrative

4. Transfer payments

5. Lost taxes

6. Defaults
In caleulating goveroment Costs, we will use the same base case assumptions
given in earlier subsections, plus the following three: First, assume
that full cost of service pricing is used. Second, assume that the govern-
ment administration costs are one-half million per year. Third, assume
that a Northern Great Plains.location is used.
SUBSIDIES -

Subsidies are paymen&s;from the government to the energy producers

to provide financial iﬁ&entives for development. These payments are cur-
rently not anticipated in the coal gasificavion program, and are not
congidered further. R
CONSTRUCTION GRANTS

Construction grants are monies that the government contributes to
the erection of energy producing Fzcilities. This form of incenrive is
net anticipated in the coal gasification program, and is mer considered

further.
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ADMINISTRATIVE-
The administrative cost is §2.0 million per year during construction,

and $.5 million per year for the 25 operating years of a gasificarion plant.
TRANSFER PAYMENTS

A coal gasification facdility will employ workers in new jobs. These
workers can be considered to be drasm from two categories: the unemployed
and the emplcyed. Each job in a gasification plant will creare approxi-

mately one other job in the support services secror. Every job that utilizes
& previously uncmployeﬁ person reduces government tramsfer payments, such
as welfares and unempldyment benefirs.

The transfer payiuunt area must be approached with caution on two
polnts. First, the jobs will not all reduce unemployment. The econony
as a whole will change, as pecple realign themselves with the economic
actlvity rthar exists after the coal gasification plant is in operation.
Many of the plant jobs will be filled by workers that were previously
cmployed in other jobs,‘implyinb that one hundred jobs created at a gasi-
fization facility would. Tc {rze unemployment by significancly less than
one hundred. Second, ;ransker payments represent money flows from one

part of society to another. There is nc net benefit associated with an

437

increase or decrease in transfer payments.

What is the maximnx*magnitude of savings? Assume thar a facility
employs 1,000 pecple, crnating a total of 2,000 jobs. Asaume that all
2,000 jobs are Filled byzupemployed persoms. For the fransfer payment
savings, use an unemployment payment nf about $75/weekff The yearly
savings is

2,000 people x $75/person-week x 52 weeks/yeaxr = $7.8M
The discounted present value is

| 7.8 —rr,t
Ty 7,867 e =128 TR

! At r = ,1, the result is $48M.

For analyzing the difference between bids, it is important to eal-
culate differences between bids in transfer payment savings, and the
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government bodies that receive the benefirs. That is, it is important
to understand differences in national benefits, and the regions that
teceive the benefits.

First consider the differences between bids. Northern Great Plains
plant location would be very similar in the absolute value of transfer
payments saved, because they will tap approximately the same labor markets.
The Four Corners plaac locations -will likewise have approximately equal
savings. However, since unemployment on the Navajo Reservation is high,
it is possible that the Four Cormers plants may generate more savings than
a Northern Great Plains lbcation. Assume that non-native American workers
are split: 80X employed, 202 unemplayed, Assume that a Northern Great
Plains plant employs 10% native Americans, while a Four Cormers plant

employs 60X native Americans. The nuwber of unemployed workers hired is

Four Corners:

Aox 24 .6 x L6 = 447
Northern Great Plains:

9x .2+ .1 x .6 = 2587

The difference in benefits saved would be
(.44 — .24) x $48M = $0.6M

in favor of a Four Cormers location. {This assumes that a Navajo receives
the same transfer payment as a non-native American.)
There is also a possible xegional differsnce in the distribution
of the savings. Assume that all non-native American transfer payments
are made by state and local governments, while nztive Americans are paid

by the federal government. The breakdown by source of savings for transfer
payments is

]
Federal Payments State Payments
Four Corners $17.3m $3.84
Northern Great Plains $§ 2.9M 58.6M
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LOST TAAES AND DEFAULYS

The last twe categories of goverawent costs are lost taxes and
default costs. Under deterministic conditions wvith full cost of
service pricing as we have assumed for coal gasificationm, there are
no lost taxes or default costs. The reason there arg no default costs
is obvious; however, the rationale for the sktatement that there are no
lost raxes requires a little more explanation.

Suppose the capital market is robust enough so that it is essentially
what ecenomists ¢all a linear market with respect to the capital invest-
ments being made in gasification. This means that the coal pasification
venture financing would not affect the cost of capital for the econouy.
Since the gasification plant would cost approximately $1.1B, spread over
a four-year peried, and toral capitai expenditures by private indusery
fa1l in che range of §100B per year, the linear market assumption is
reasonable. If the rate of return guaranteed to the gasification companies
by the ecegulatory agencies approximates the return in the capital markets,
then the investment in gasification plants will have no incremental effects
on capital expenditures or returns ané hence there will be no lost taxes.
Of course, neither of these assumptionms will ever hold exactly in pri-tice;
however, they appear tc he reasonable approximations in the present context.

Notice that this discussion says nothing about the fact that the

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

That 1s, they may produce a higher social product in another application.

This effect is reflected in the cost benefit portion of the analysis, and
doas not change the government tax revenues.

We will assume that there are nc lost taxes or default costs under
certainty. These costs only occur when we consider uncertainty explicitly;
if, for example, the plant fails. Figure 4.26 outlines in general terms
the situations under which there might be leost taxes or default costs.

To get an idea of the size of potential costs that we might find in the
probabilistic analysis, let's discuse each case.
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1

L0ST TAXES

If, for some reasom, the cost of service method is not used to

determine price, a reduced return to debt oT equity would result in JpE
lower tax revenues. Lf the after—tax profits decrease, there are less
taxes paid by the company. Alsc, the reduced profit of tha company
~ would reduce the stock dividends. These dividends are paid to individuals,
who pay tax on them, Thus, the government would find reduced taxes from
two sources, the utility and individuals.

Consider the following exampla. The cest of service is reduced, so

that the utility earns 10Z on equity instead of 15%. The imnterest on

debt is maintained. The company has & 52% total tax rate. 4&0%Z of the afrer-

tax profits are paid out in dividends, to people with an average tax rate
of 35%. Table 4.30 shows how the lost taxes are calculated. The profit
levels correspond to the profits earned in the base case of the gasifi-
cation plant. If the substantial reduction of company profits cccurs,
then government taxes are reduced significantly. If interest is not paid,
it is multiplied by the average tax rate of its recipients to caleulate
the amount of lost tax.

DEFAULT

The loan part of the plant fipancing is guaranteed by the governmment;
1f the venture is a failure, the private sector participants may default
on the loans, and the government would have to Tepay them. Any government
cost would be offset by proceeds from operating or seliing the facility
that it took title to at default. If full cost of service is allowed,
then there is no possibility of default, for the consumers are paying all
costs of operation of the facility.

If, for some reason, price is not determined by cthe cost of service,
it 1is necessary to determine if the cash flows would induce the privatz
company to continue plant operation. The company has twe options:

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

and written off against pre-tax income. This reduces taxes,
by an amount equal te the equity written off times the company

tax rate. Since this figure could be a large amount of money,
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it is possible that there would not be enough pre-tax
income in the year of default to vse all of the write-
off. Then the tax savings are diseounted at the company's
cost of capital to arrive at a present value.
i{) Operate. The plant is produciog an operating margin. This
is the sales revenue, including By-gl':xjuduct credits, minus
0&M cost and interest on debt, The tax cash flow is the
tax rate times the oparating margin minus the tax rate times -
the depreciation. If the depreciation axceeds the operating
margin, then the plant is making a Etax. loss. This woul.d result
in a negative tax, indicating a positive cash Flow. The third
component of yearly cash Flow is an outflow to repay the debt on
the Facility. The yearly cash flow can be computed for all
remaining years of the piant 13fe, and discounted to a present
value using the company's cost of capital. '
The company compares the present values associated with each optionm, and
selects the decision with the highest value. (This assumes Chat the
company does not place a value on the public relations aspects of default~
ing om a government loan.) If the default option is thosen, then che
government must pay off the outstanding debt.

The goversment cost would be reduced by the remaining value of the
asset that it has taken ownership of, The plant is'produc:lng a stream of
cash flows equal to the sales revenue minus the C&M cost. (Notice thar
jnterest and debt repayment are not considered at rhis stage of the
analys:}:s.) The government could operate +he Facility, and receive these
cash flé;;;-,. Or, the plant could be sold tn private industry. The price
would be computed as the discounted value of the cash flow stream to the
company. The eash flow strean is made up of the variahle cash [low dis-
cussed at the beginning of the paragraph, corrected by the tax payments.
The private company purchase price would establish an asset on thelr
books, which would be depreciated acress the remaining life of the project.
The tax would be the varisble cash f£low times the tax rate minus the deprec—

iation times the tax rate.
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RESULTS OF THE BASE CASE

Subsidies and construction grants are aot in force for the coal

gasiflcation commercialization program. Because the price is determined
by the full cost of service, the government will lose no tax revenues, nor
have to pay back bond holders on default. The administrative cost is $2M
per year durimg construction, and $.5M during operation of the pasification
plant.

The Northern Great Plains location determines the transfer paymeat
savings caused by 2 coal pasification faciliry construction and operation.
The total labor assumed for a plamt In the socioecomomic model is used.

For every 1,000 workers, the federal government saves
.06 x 7.8 = $.47M

in transfers to Indiams. this figure is multiplied by the vorkers per
year to produce the transfer payment savings by year. E:‘ccept for the
construction years, the federal government has positive flows —— oOT
negative cOSts -~ for every yearx of a gasification praject. However, the
magnitude is very small. Table 4.31contains the yearly costs, where the

parentheses represent & negative cost.

4.2.0 1LONG RUN EFFECTS
The long run effects of commerclalizing a Lurgl plant now veIrsus not

commercializing now are analyze¢ on 2 vegional basis over a fifty-yeax

time horizon using the SRY National Energy Model. This seetion describes
how that model is used to answer the following guestion: 1f a Lurgi plant
is commercialized today, what would be the reglonal and naticnal economic,
environmental, and gocioeconomic changes in the energy system over time?

A detalled description of rhe model itself is mot available at this time;
however, an overview is included in Appendix B. This discussion will first

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

ugse then.
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COST TO GOVERNMENT

TRANSFER PAYMENT  ADMINISTRATIVE

125

. TOTAL
4 YEAR LABOR © _ COST, $M COST, $M  COST M
-y 300 (.14 50 .36
3 1400 (.66) 50 (.16)
q -2 3000 (1.60) 50 (1.10)
q -1 3700 (1.74) .50 (1.24)
q4 1 230 (1.08) 50 (.58)
4 2 1900 (.89) 50 (,39)
#3025 1400 (,66) .50 (.16)
Table 4.31




4.2.1 ENERGY SYSTEM MODEL CAPABILITIES

Congider a single bid, thar is, a single proposed Lurgi plant at
a glven locaticn and time. There are two options available:
K 1) Accept that particular bid;
2) Reject that particular bid.
We will now develep three potentially important categories of conse=
quences of accepting or rejecting that particular bid — gconomic, environ~
mental, and socioeconomic. It should be kept in mind that the energy system

model we are describing is deterministic; uncertainty will be discussed later.

ECONCMIC EFFECTS

The economic effects of accepting or rejecting a particular bid are
manifested in terms of chanpges in gas prices and hence in terms of changes
in usable energy prices.* If the bid i3 accepted, the gas from the plant
Vill be sold, usvally at a high price, in a particular region which we will
call the "commercial plant demand region." All other regions, where no gas
from the firet plant will be sold, will be called the "non-commercial plant
demand regions.” Suppose we plotr the price of gas in the commercial plant
demand region over time assuming (a) that the bid is accepted, and (b} that
the bid is not accepted. The top plot in Figure 4.27 illustrates what such
a plot might look like. If the bld is accepted, that region might expect
to pay higher gas prices, particularly in the near term, than if the bid is
rejected. However, economi¢ benefits of bullding the First commercial
Lurgi plant are realized in terms of lpwer pas prices from future Lurgi
plants and perhaps future second generation gas plants. If indeed the firsc
plant is built to give experience, the case could be made that the first
plant will "slide" the learning curve for synthetic gas forward in time,
Porhaps even decreamse the curve for all time., Figure 4.28 il1lustxrates such
a2 learning curve, which 1s the same type as those discussed in Section 4.1.1.
This curve assumes that the f£irst Lurpgi plant simply slides the curve for—
ward in time. TFigure 4.28 describes only the capital cost per Mcf of outpur;

similar learning curves msut be considered for many other aspects of the
plant as well. The learning curve in Figure 4.2B would imply declining gas

* For the present, we will assume de-regulation of natural gas at the well-
head. Appendix € outlines conceptually how regulation could be incorporated
inte the SRI National Energy Model if ir should be necessary.
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prices from synthetic gas plants over'timéldue~to.:educed capital cost per
Mcef of output. Note that the capital cost reduction iﬂ.fiéure 4.28
ultimately declines to zero if we assume that the first plant simply
slides the learnliong curve forward in time; as the synthetic gas industéy
becomes mature, the way it was first commercimlized becomes less important.
Hence, in rhe commercial plant demand region, the high cost of gas from
the first Lurgi plant is borme throughout its life. But the benefits from
building subsequent gas plants at lower cost using what was learned from the
first plant will begin to accrue im the longer run.

In both the bid acceptance and rejection cases, the actual price of
gas 1n the commercizal plant demand region is a complicated funcilom of many
factors hesides the capiral cost pictured in Figure 4.28. Other factors
include the natural gas supply, LNG supply, Canadian gas imports, Alaskan
gas supply, and gas supply from both Lurgi and second gensration synthetic
gas plants bullt outside this loan guarantee program. The price is not only
a function of other supply sources, bwt is also a function of ongoing gas

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

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

Gas price information, however, is not sufficient, for if gas prices
increase customers may switch to other energ; froms, depending on the
econonics of those other energy forms relative to gas. ‘The economics of
these switchovers must be incorporated. Hemce, we wust look at the price
of usable energy over time in the commercial vlant demand region, teking
inte account the relative prices znd conversion costs of all fuels in the
region. That 1s, we must construct the top plor in Figure 4.29 as well as
the tep plot im Fipure-4.27. 3Because gas is only one of the fuels compeﬁing
to patigfy the demand for usable energy, the econcmics of all competing
fuels and the economics of switchover to each of the competing fuels must
be considered in computing usable energy prices. This means that the syn-
thetic gas commercialization decision interacts with all RE&D and commercial-
4zation decisions -~ nuclear, liquid fuels, enhanced recovery, comnservation,

and so forth. Hence an extremely detailed national and regional interfuel
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cempatition model will be required to obtain the price plo;s in Figures
4.27 and 4.29. .

Just as we did in the commercial pléﬁt demand region, we must plot
‘the price of gas over time and the price of usable energy over time in
each of tha‘non—commercial demand regions in both the bid acceptance
and rejection cases. The bottom plots in Figures 4.27 and 4.29 illustrate
the price trajectories in this case. WNote in the non-commercial planf
denmand regions that gas prices are lower if the bid is accepted because
they can take advantage of the learning without having to bear the high
cost of gas from the first plant. Apain, these prices can be influenced
by all R6D and commercialization decisioms.

The price plots in Figure 4.27 and 4.29 are not svfficient by them-
selves to calculate economic impacts; the corresponding quantity plots
are required. To measure economic impacts we will use the notion of
consumers' plus producers' surplus in economic theory, We will proceed
through a detailed development of consumers’ and producers' surplus and
an approximate method for calculating both. We will te;p the sum of

producers' plus consumers' surplus economic surplus.

In the discussion of economic impact, we will focus on the commercial
plant demand region. The extension to the non-commercial plant demand
regions is straightforwﬁrd. Referring te the top plot in Figure 4.29,
in each year we can think of a single demand curve for usable energy
and twe cupply curvis for usable energy, one in the case where the bid
is accepted, aund vme in the case where the bid is rejected. The top plot
in Figure .30 illustrates the supply/demand situarien in a particular
year in the commercial plant demand region. The shaded area in that
fipure represents the dollar loss in that year in the commerc1al plant
demand region as a result of accepting the bid. We will briefly develaop
the rationale for the assertion thsr, thn ‘shaded area represents thco
economic loss Jdn that region, and then :elate it to the better known con-

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

static case (a single vear}, and then move on to the dynamic case.
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STATIC (SINGLE YEAR) ECONOMIC SURPLUS

Assuming the bid is accepted, the supply/demand balance appeszz
as in Figure 4.31. The equilibrium price and quantity in the given
year are p* and g* respectively. Suppose We are trying to establish
the "value" of the Aq units of energy that lie between q and q+Aq in
?igure 4.31. The value to the consumer is the price he is willing to
pay for the guantity Aq, which is P in Figure 4.31. Yet he is asked
to pay only p¥*, leaving him with a surplus benefit of (pD-p*)Aq. The
value to the producer is the price he can sell the quantity q for,
whichk is the equilibvium price p*. The cost tc produce the quanticy Aq
is Pgy S0 the surplus benefit to the producer ia (p*—ps)Aq. By adding
these consumers' and producers® surplus benefits up for all the energy
scld, we have the consumers' surplus —-- the area above the equilibrium
price p* and below the demand éurve -— and the producers’ surplus — the
area below the equilibrium price and above the supply curve., The sum
of the two, the entire shaded area in Figure 4.3l, is the economic
sﬁrplus and represents the total surplus value of the guantity q* of
energy sold to all consumers and producers in the esconomy.

Using the concept of consumers' and producers’ surplus, we can now
quantify the economic loss in the commercial plant demand region in each
year if the bid is accepted. Figure 4.32 1llustrates graphically how
this is accomplished. The loss in consumers' surplus in going from the
bid rejected to the bid accepted case #s the sum of Areas A apnd B. The
loss in producers' surplus in going from the bid rejected to the bid
accepted case is Area C minus Area A. That is

& Consumers' surplus = —~{A+B)
A Producers' surplus = =(C~A)

hence, the change in econcmic surplus is
4 Economic surplus = ~(B+C),

which is the area shaded in Figure 4.30. Thus, in the case where the prices
in Figure 4.29 are given by the crossing points of supply and demand curves
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in each year, the economic affect of acecepting the bid 1y straight-

forward. There are, however, several Tiances regarding the methodolagy
Jused in this study that simplify the calculation significantly,

First, suppose the demand for usable guargy is inelastic over the
Price rapges introduced by accepting or rejecting the bid: Even if the
level of economic activity remains fixed, the tocral naticﬁSE energy bill
wiil still be a small fraction of the level of economic activity gver
this price range. Thus, it makes sense to assume demand for usable
energy is inelastic and Figure 4.30 then appears as in Figﬁre 4.33.

Wote that the change in copsumers' surplus is trivial in this case:

it 48 simply the sum of Areas A and B, which is the Tectargular region
enclosed hetween the inelastic demand curve and the two equilibrium prices.
The change in consumers! surplus is thus simply (pz—pﬁ)q* in the top plot
in Figure 4.33, which is the sum of Areas A and B. Note that the change
in consumers' surplus (px-pﬁ)q* is simply the change in the usable energy
bill 4n the coimercial plant demand regien,

The change ip producers’ surplus, Area C pipus Area 4, 1s not go
simpie. Producers' suTplus arises from two effects: (1) the elasticiey
of the supply curve, and (2) the abllity of the producers to earn ecgnomic
Tent, i.e., to price above marginal cost. Ye will discuss how both enter
iate our producers® surplus ealculation,

Suppose the supplier of a resource is able to sustain a price p*%
that is higher than his marginal cost of productiocn me. This might oceur

oly) or where Producers withhold produccion until seme future time when
higher prices prevail. We ecan think of such & suppiigr as belng able

to “shift" his supply curve yp from the marginal cost curve to a higher
level as shown in Figure 4.34, The total producers’ surplus in this ecase
is the shaded area in the figure. We have broken it down fnte twe com-
ponents —- economic rant {Areas A4B ip Figure 4,34} and Producers' surplug
in the perfect market (Area ¢ in Flgure 4.34), Briefly, economie rent
denotes the producers' surplyg earned by pricing above the free market

' price, mc.

136




PP

Price of ueabla
energy in
commercial plang
denand Tegion

Price of usable
energy in
aon-commercilal
plant demand
region

PA

Inelasric
Demand

Supply 1f
. .- Dbid ig
/" accepted
- //
= . e e e w .- m— e - - - —'71/
A e : Supply if
e ' ~bid L3
e rejected
.a“—
B >
L e e . e L ..___.._,.—"
“- --—"-
C L -
—— s
g% Quantity "
Sl.l_pply if bid
! .. is tajocred
|-
e e e e e - i
.o
. i
- t
| e i
| Supply if bid
| .- -7is accepted
i et
. —"I
_______ e e unll
——.‘.' i
— i
_/’J !
“__a—- »
- g
i
i
qa Quant:.ty

INELASTIC DEMAND

Flgure 4.33

137




Price

B ——7 B A A A 4 'f Fa -
; / K ’ . s .
, ."' "' I‘ l' ." - - 4
/ i . S A , T :
s s’ ‘ S .
;o T
S I __-" ',.' s ; .
; ‘ .-.-—“,‘/-_ i ‘
- K g A
o O .
K g z R .
) . )‘ . .
’ . SB - ¢ s
i : ‘ ¢ ‘
$ o = 7 - : ,
/ / ’.!’ / 3 : ; :
1‘ s Py '] . ’ ’ 'I
..J’ ' / F; y S -/,’ ; ,
- S N i ! 4
p#"\L\\ \1*\. Y \\‘(*\ AV A
Ny AR AR A N

Froducers' surplus
in perfect market

)

Supply Curve

[

ottt s et

PRODGCERS' SURPLUS WITH RENT

Figure 4.34

138

IO




We will now develop an approximate method for caleulating both

components of producers' surplus -~ Areas A and B (rent) and Area C
(surplus) in Flgure 4.34. Area AB is trivial; it 15 simply the area of
the rectangle to the lefr of the inelastic demand curve and between the

price p* and the marginal cost me. Hence,
Rent = g% {p¥-mc)

To approximate Area C, assume the perfect market supply curve is linear
from the point where it crosses the wvertical axis atv me to the point
where it erosses the demand curve at mc. Area € ecan be approximated
by the area of the enclosed triangle in Figure 4:34, which is

Perfect Market Producers' Surplus = lIZq*(mc-mcD)

Herce the total producers' gsurplus in this case is
Producers' Surplus = g¥(p¥-mc) + 112q*(mc-mco)

Note thet if no rent 1s earned, p*—me and the producers' surplus reduees
to our approximation to Area C, which is 1/2¢*{me-me ).

We are now ready to analyze the change in economic surplus in the
gemeral case where rents are sarmed, which is illustxated in Figure 4.35.

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

the changes in consumers' and producers' ourplus are given by the follow-
ing areas in Figure 4.35:

A Consumers' Surplus = —(A+R)

A Producers' Surplus = A-C

Note that the change in preducer's surplus is the difference In rencs
plus the difference in perfect market produmcers’ surplus. Hence the

change in economic surplus is:
A Bconomic Surplus = =(B+C)

which is exactly thz change in economic surplus if rents are onitted
from the calculation. Hence, if we calculate the chanrge in econcmic
surplus using the marginal cost curves, we will cbtain the correct change

in proﬁycets' surplus each year.
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DYNAMIC APPROXIMATION TO ECONOMIC SURPLUS
In this section, we will present a scheme for calculating the net

present change in consumers' surplus and the net present change in pro-
ducers' surplus. The former is a straightforward extension of the

static case discussed above, but the latter ig significancly moze cbmplei;
This geecrion fs central to our long Tun economic henefit caleulation and

should be understood.
The concept of consumers' surplus over time is grearly simplified ﬁ

by assuming that excess demand curves arc "separable” over time. This is |

true of torally inelastic demand ecurves with rotally elastic supply curves,

Since the demand curves vsed in this study are quite inelastic and the

supply curves are quite elaéﬁic, this assumption appears valid in the

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

at time t does not depend on Che excess demand curves at time t~1 or t+l.

Assuming the excess demand curves arc separsble cover time, the supply/demand

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

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

shaded area in that figure. It is approximately
ACS(t) = *lfz[qg(t) + qE(t)}[pK(t) - pﬁ(t)}.

This-approximation assumes that the demand curve is linear between the two

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

Net present change _ o~ acs(e) - (T!;)t—1975
14r
1 ] 1 .
n consumer's surplus 975
e L £1975
- o b
=/ =1/21q(t) + qi(t)]p} pﬁ(t”(m)
t = 1375

where r is the "socilal" time preferemnce rate.
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_of any rescurce always has the alternative of w1thholding production uf

Note that if demwand is inglastic, il.e. . . -

, qi(t) = qﬁ(t)o . . ’ ‘ ‘ : : ;;.,‘ | "’

the net present change In consumers®' surplus reduces to

which is the net present change in the usable energy bill. 1In this

. .study, we have used the more robust representatmun in the fxrst equatmnn

above. In the next sectlon, where our actual scenario is analyzed we

‘will illustrate the use of the First equation. -t

In order to understand Jthe concept of proSucers surplus over time,
it is necessary to understarid the' dynamics of prlmary Tesource production*
Whether ws. are considering a natural gas well,!a criide oil uell a coalk
mine, a shale mine, or a uranium enrichwent facility, the decia*nn to*’“ii;

MRl
produce a primary resource is.an inherently dynamic decision., The ow“en..

-t

that resource in anticipation of higher prices in the fature. If, by
50 doing, the owner of that resource makes mora money then he would by
producing ncw, a producers' surplus accrues to him. “The concept of pro~
ducers! surplus, as we saw above in the static case, 1g related to the
idea that” the producer of the resource can receive a price in excess of
his marginal ¢ost of production including a nominal rate of retuzn.

The dynamics of resource production are further compounded by the

* fact that the decision to produce one wnit of tha resource today involves

installing one unit of production capacity that lasts for, say, thirty
years. In other words, the decision to open a coal mine today is in
effect a decislon to produce coal from that mine For thirty years,
Expressed differently, the decision to install a unit of capacity today is
2 decision to commit to a level of production from that unic of capacity
over its entire 1ife. Arising from this noticn is rhe concept of “proved
reserves" which simply takes into account the fact thar, say, the gas
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industry can produce additional gas from the wells already im service with-
out adding new capacity-. The idea of producers’ surplus arises in part
because the price of gas changes across the commited life of each gas well.
Suppaée a natural gas well opens today at a marginal cost of 70¢ pexr Mcf.

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

than 70¢ per Mcf across the entire life of that weil. Yet, if we project

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

1ikely rise from today's 70¢ per Mef to prices on the order of §1, $2, oI
even 53 per Mcf at the wellhead.* Hence, the owner of the natural gas

well who can produce natural gas at 70¢ per Mcf will be able to sell that
gas zt the market price of 51 ro $3 per Mcef and earn & producers' surplus

~— an econcmic rent.
We chall now develop & methodology for quantifying the producers'

surplus from a primary resource preduction process. 10 begin with, let
us denote:

plty = wellhead price of patural gae over the pext fifty yearsi
melt} = parginal cost of the new natural gas well avr time 3

gL = book life of natural gas geli (assume foT simplicity that

the natural gas well produces uniformly across its book life).

™

Let us assume that & new aaturzl gas well is brought into production at time

7. The marginal cost of production of gas from that well is mc(T), and

the wellhead price of gas in that yeat ic p(T}. Hence, the producers‘

surplus or econonic rent earnad in year T is simply

p(T) ~ me{T)

But recall that the patural gas well which began production at rime T will
ce of natural gas at time T+1 is now

still be producing at T+1l. The pri
p(THL) whilc the marginal cost of produetion remains Fixed at nc{T).
for the gas well which originally began production at rime 1, @
that acc.rﬁes at time T+1 is

Hence,

yent acecrues at time T+l. The rent
p(T4+1) - me{T)

# e will ignore infla:r.ion in this diccussion.
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Continuing this loglec, the remt that accrues k years afrer the gas

well is open is
p(T+k) - me(T) ,
k=0, LR BL"l

It is interesting to note that if the price is some future year p(T+k)
falls below the marginal cost of the gas well me(T), the rent is actually
negative. In this sitvation, the cwner of the gas well is actually facing
prices lower than his warginal cost as the well nears the latter stages of
its 1ife. A situation in which this might occur is.one in which synthetic
natural gas becomes significantly cheaper over time due to technological
change. In the eaxly years of the SNG industry, the new natural gzs wells
will be just competitive with SNG. YNowever, as time progresses and SNG
becomes cheaper, those gas wells which still operate will face prices that
are lower than their marginal costs and the owners of thase wells lose rent.
Of course, i1f the price p(T+k) is always increasing and is always above the
marginal cost of production, then the remnt is always positive.

To develop a relationship to calculate the economic rent that accrues
at a given time, we must look at the patrern of additioms of gas well
capacity. Denote ;

u{T) = new natural gas well capacity brought intc production
at time T.

The total economic rent or producers’ surplus earned at time T+k from all

natural gas well capaclty brought on stream at time T can thus be expressed
n(T) [p(THk) — me{T)]

In order to determine the total rent that accrues at time t, one must
coellect the terms in the above equation for which t = T+k. Collecting

the terms in this faghion, we obtain the following expression for the total
economlc rent ot producers' surplus that accrues at time g:

producers' surplus (t) = n(t-k) [p(t) ~ mc(c-k)]
k=0, ..., BL-L
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Note that the producers' surplus that accrues in year ¢ depends both un
the history of capacity additions that leads to the production level at
time t as wall as the marginal cost of gas from each of those capacity
additfions. Equation (2) is best illustrated in terms of Figure 4.36.b.
The figure shows how the producers’ surplus at time t is calculated for
a well that is k years old.

Tn order to calculate the change in producers' surplus, we caleulate the
total producers' surplus in the bid accgptance case PSA{t) and the total
producers' surplus in th? bid rejected case PSR(t), and subtract:

a¥s(e) = BS, () - p&R(t).

Thus the net present change in the producers' surplus is

w0

Net present change in — ' , 1975
N = [ps, () - Ps,(e)] (3
producers’ surplus éiib?S A R Tt

These concepts will be illustrated shortly when we outline the long run
economie evaluétion of a hypothetical bid.

It ic important to mote that if supply curves are very elastie, the
price and marginal cost curves will be close together in Fipure 4.36.b
and the net present producers' surplus will be zero.

Appendix D of this report gives a brief description of how the priee
curve and marginal cost curve in Figure 4.36.b are caleulated for each
primary resource by the SRI Natlonal Energy Model.

BASE CASE RESULTS - ECONOMIC EFFECTS

The econcmic consequences of a synthetic fuels commercialization

program have been brokem into the two componants discussed above. The

first Lurgi plant produces gas that will be vonsumed by customers in the
commercial plant demsnd region. To the extent thzat this gas is more ex—
pensive than competing gas, these customers will suffer a loss in economic
surpius. This determinas the economic cost of the first plant. However,

a commercialization program may accelerate the availability of technologles
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based on gasification. This has the potential of reducing energy prices
to consumers in all demand reglions, resulting in an increase {n consumers’
surplus. The gas producers, however, will lose producers’ surplus 2s
pricea are decreaged.

COST OF FIRST LURGL PLANT {SHORT_RUN ECONOMIC EFFECTS)

Dur base case assumes that the plant is iccated in the Powder River

Basin and that the gas is pipelined one thousand wmiles for comsumption

in che Chicago-Detroit area. We assume that the gas from the plant begins
to flow in 1983, This first Lurpl plant will deliver a small amount of gas
relative to the cotal quantity cf gas consumed in the East North Central
demand region (Chicago-Detroit). For zxample, the SRL Nationzl Enevgy
Model projects about 4.9 quads of gas consumption in 1586 in the East
North Ceatral region while each Lurgi plant delivers only about 0.08 guads.
Thus the change in the average price of gas in the demand regiom as a result
of having the Lurgl plant js small, even if Lurgi gas is twice or three
time as costly as patural gas. Because the average price of gas changes
iittle, and because gas supply is relatively elastic, we would expect the
change in producers' surplus to be unaffected by the inrroduction of one
Lurgl plant. We have assumed it to be zero in our caleulation of the
first plant cost. On the other hand, £or small changes in gas priece, we
might expect a small change in gas demsnd. Therefore, we have assumed
that gas demand is inelastic over the small price changes introduced by the
first Lurgi plant aad therefore that the change in consumers® surplus is
simply the change in everage gas price with and without the Turgi plant
times the total quantity of gas delivered. It can be gasily shown that
this is merely the price of delivered Lurpgl gas minus the price of alcer-
native gas times the quantity of Lurgl gas delivered. We will fllustrate
the consumers' surplus caleunlation in derail below,

The essential elements of the surplus caleculation for the first plant

are thus:
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1)} The price over time of delivered Lurgi gas from the first
plant in the demand region;
2) The quantity over time of delivered Lurgi gas f;om the
firse plant in the demand region;
3) The price over time of alternative sources of gas in the
demand regicon.
Ye will discuss how each of these three quantities are obtained ard then
show how they are used to calculate the base case economic impact.

To begin the calculation of the economic east af the firsc Lurgi plant,
we return to the financial model discussed above. The plant gate gas prices
and guantities from a Lurgi plant in the Pawder River Basin were calculared
in an elaborate financial model and a plant model, and were listed in
Table 4.24 and plaotted lo Figure &4.14. 3Because this gas must be transported
1000 miles in a pas pipeline, the price of gas delivered in Chicago or
Decreoir is higher and the quantivy delivered is lower than that in the
Powder River area. The reasons are that some gas must be consumed in the
pipeline and that the capital and operating cost of the pipeline must be
recovered. Thus we require a simple model of gas pipeline ecaonomies. The
gas pipeline model assumes an efficiency of 92% per 1000 miles, an oper-
ating cost of $G.06/tDBtu per 1000 miles, and a capital charge of $0.20/MMBtu
per 1000 miles. The result of applying this simple pipeline medel is
illustrated in the right-hand columms of Table 4.32. These prices and
gquantities are the prices in 1} and the quantities in 2), alluded to above.

Returning to 3) above, we require projection of gas prices over time
in the East North Central demand region from all sources —- naturxal gas,
synthetic gas, LNG, Canadian gas, and so forth. This projection iIs taken
from a scenario called the “Early SNG" case computed by the SRI National
Energy Model. These prices appear in Table 4.33. It should be recognized
that they are the rasult of an extremely complicated calculaticn, and are
based on a number of assumptions to be described below.

As discussed above, the loss in economic surplus in each year is simply
f the difference between the price of Lurgi gas and alternative natural gas
. times the quantity of Lurgi gas consumed., Thus, using Tables 4.32 and 4.33
for the year 1995, the change in surplusg is
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1983
1886
1989
1892
1995
1998
2001
2004
2007

EAST NORTH CENTRAL DEMAND REGIOR

High Btu Gas Price

TABLE 4.33
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Price, $/MMBru

2.94
3.17
3.22
3.22
3.2
3.20
3.17
3.12
3.07




($3.54/MMBtue — $3.21/MMBeu) x 079 quads/year = §26 miilion/year

This calculation has been carrieé out for each year the first Lurgi plant
is assumed to operate and the results are presented in Table 4.34. Note
that the price of Lurgi gas is higher than the price of alternative gas in
the early years of plant operatiom, resulting in a loss of consumer surplus.
However, Iin the last few years of plant operation, the rate base has been
amortized and eroded by inflation sufficiently to allow the delivered

price of gas from the first Lurgl plant to fall below che price of gas
existing in the demand region at that cime. This results in a gain in

consumer surplus, demated by a negative loss in Table 4.34. The preseat
value of the loss stream in 1977, discounted zt ten parceat, is §526 million.
This represencs the real economic cest of the first Lurgi plant.

SENSITIVITY ANALYSIS

Sensitivity analysis has been performed by varying two different
classes of assumptioms. TFirse, various coperating ;nd financial assumptions
are changed. Second, the lecation of the plant and commercial plant demand
region are varied. A plant is considered for Four Corners coal, for which
the product gas is transported 500 miles bo consumers on the West Coast.

Table 4.35 shows how the loss in consumer surplus changes as a nunber
" of operating and financial assumpticns are varied for a gas plant deliver-
‘ing gas to the East North Ceatral demand region. The plant gate and

delivered prices are shown for each case. These quantiriss shculd be
compared with those in Table 4.3Z, In the capital cost + 20Z case, we
have increased the required capital lnvestment Eb’build the plant by 20
percent, from $1,100 million to $1,320 million. In the "higher capital
cost" case, we have increased the return on equity from 15% to 18% and the
cost of debt from 9% to 11%. In the base case, maintenance cost is assumed
to be 2% of the capital cost., The “higher maintenance cost" case considers
a higher figure of 8%. The "coal cost +50%" case considers the situation
in which the lnput coal price is $10.50/ton rather than §7/ton. Table 4.36
iists similar sensitivity results for the West Coast derand region.

1t is significant to note that the loss in zconomic surplus (the cost
of the Fivst Lurgl plant) is approximately thz same for the two regions,
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108§ IN CONSWMER SURPLUS DUE TO FIRST LURGL PLANT

Year © Million §/yeazx
A 1983 206
R . 1986 119
g 1989 80
. 1992 50
;@ 1955 26
E 1598 7
B 2001 -7

i 2004 27
3 2007 -43
;5

TABLE 4.34
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SHORT RUN EFFECTS OF FIRST LURGY PLANT
EAST NORTH CENTRAL DEMAND REGION

Ave. Price (§5/MMBtu) Net Present Economic Cost

Case Plant Delivered {$M, Demand Region)
BASE 3.18 3.72 526
CAPITAL COST

+ 20% 3.50 4.06 728
HIGHER COST OF

CAPITAL 3,44 4.00 ' 706
HIGHER MAINTENANCE '

COST §.01 4.62 536
COAL COST

+ 50% 3.50 4.06 677

‘PABLE 4.35
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SHORT RUN EFFECTS OF FIRST LURGT PLANT

WEST COAST DEMAND RECION

Ave, Price ($/MMBtu)

Net Present Economic Cost

Case Plant Delivered (5M, Demand Region)
BASE 3.18 3.45 562
CAPITAL COST

+ 20% 3.50 3.77 783
HIGHER COST OF .

CAPITAL 3.44 3.72 742
HIGHER MAINTENAMCE

COST 4.01 4.31 273
COAL PRICE

+ 50X . 3.50 3.77 763

TABLE 4.36
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meandng that the bid aelectiun dgcision i1l be made based on small
* peomonic differences. 1t is fu*Lher gignificant that the absolute ievel
] of economic cost is sensitive to all of the changes iisted. - This result
. might indicate rhat the selection among alternative bids requires the level
of detall we have incinded here.

Table 4.3? presents seme additional sengitivity cases- Here, the
effects of investment fax credit and surchaxge on consumer surplus are
shown for the two demand regions. The surcharge method of financing
plant construction, although it gubstantially reduces the exposure of the

gas utility, increases the surplus loss somewhat. passthrough of ITC

pravides about a $50M benefit to the pas consumers in the commercial plant
demand reglon. These ‘changes are typleally of smaller magnitude than the
changes discussed in previous sensitivity cases. However, if the gas—
; consuning poputation consists of ten miliion people, the IIC passthroush
alone would pay five dollars in penefits in 1977 when the gasification plant
recelives approval. Nonetheless, even if the gas utility recelves tax
benefits at the expense of tha consumer, the cost of the program 1s changed
" 1egs dramatically than in cases where baslc gas plant economics are changed .
| LONG_RUN BENEFIIS
In this section, we will illustrate, using hypothetical but reasonable
numbers, the palculation of long Tul national econumic benefits. A& word
of cautioca is necessary to avoid potnntial contruver sy that might serround
the implications of these mumbars. Pecause there are na concrete proposals

for Lurgi plants, there are no concrete punbers. Therefore, teo test ouy

ahciank Ml

framework and obtain insights to help ERDA write its gasification REF,
we have used numbars that are representative of the numbers given to us
by the five announced candidates for Luegl gas plant loan guaranteas.
These nuwbers 2are neither the officlial estimates of any of those candi~
dates, the officlal estimates of ERDA, nor the afficial estimates of SEI.

The economic estimates used in the SRI National Energy Model are to
e regarded as defendable. This is mot to state that chey are cercain,
but it is to gtate that they fall within the range of uncertainty of many
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" DISCOUNTED LOSS TN CONSUMER SURPLUS, SM

CASE LOCATION
ITC PASSTHROUGH " SURCHARGE EAST NORTH CENTRAL WEST COAST
HO KO 526 562
RO YES 557 593
YES NO 475 511
YES YES 506- .. 542

TABLE
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energy economists' estimates. _Over the past six months, SRI internal energy
experts have undertaken a thorough and exhaustive review of the data base
used in the SRI National Energy Model. This data base has been communi-
cated to and reviewed by a number of different organizations, public and
commercial (ERDA included). Certainly such a review does not lead to
unanimity; however, it allows us to highlight- important differences of
opinion at z relatively detailed level and to thus identify areas for semsi-
tdvity analysis. Because of the scope of this project -— to develop a
wmethodology for discriminating among alternative coal gasification bids —
an exhaustive set of sensitiﬁities was not compiled due to the high cost

of running sensitivities im the SRI Mational Energy Model. What we will

do in this sectiou, them, is ro lllusirate the capabillty of our framework,
along with the SRI National Ensxgy Model, - to ealculate economic impacts

of commercialization and t¢ focus attentipﬁ on the key variables.

‘The most compelling reason for not afﬁempcing to advocate decisions
using these numbers is that all the numbers we will present represent but
a single scemario %r_é'single, self-consistent set of assumptions. Few
would disagrxee that‘the energy market is highly uncertain., In order to
recommend decisions, this uncertainty must be accounted for explicitly and
in derail, It ig easy to postulate scenarios for high Btu gas that lead
to very large long Tun benefits. 4 combinacfon of dramaéic learning about
gasificstion technolopy as 2 result of commercializatiom, coupled with a
very mach emaller natural gas resource base than we presently anticipate
and coupled with very high prices for jmported LNG, would lead ro very high
benefits from commercial demonstration. Conversely, it is not difficult to

construct a case where commercial demonstration pays no beunefits. A com-
bination of a large natuxal gas resource base, relatively cheap 1mporteﬂ
LNG, aad virtually no learning about SNG as a result of this program
would lead to such & conclusion. To fully analyze the benefits of com:-
mercial demonstration, then, a number of such scenarios wéuld have to be
.examined in detail and probsbilities would have to be attached by estimat—

ing probébiliiias for the various elements of the energy system;: In order
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? to gddress questions such as "Should the nation commercialzre a Lurgl plane?"
; we would have to fully implement the decision tree outliped in Figure 3.2
and find an expected benefit minus cost. Reecalling that the charter of this
study was to develop a framework to discriminate among a number of Lurgi
plant blds, we have not attempted to implement rhe decision tree.

ENERGY MODEL ASSUMPTIONS AND RESULTS

defore proceeding to the detailed numerical results, it is useful to

discuss some of the more important assumptions underlying the energy model
Tuns, the short term model, and how both affect the results. The scenario
presented ie one in which world energy prices as a:whole are relatively
high. The SR. National Energy Model assumes that the price of imported

LNG and the price of imported crude oil sre set jeintly with a constant
50¢ per million Btu differentizl between the two. The numbers we will
present below agsume thac importeq crude oil is priced on the order of
twelve to twenty dollars a barrel (52 to 83 per million Btu), and landed
and regasified LNG is priced at shout $2.50 to $4.00 per million Btu. As
we shall see shortly, at these prices imported LNG 1= not competitive

with seconiwgggeratiun synthetic gas From coal. Thus, as a result of this
assumptiou;;ﬁmpbrted LNG is not a major fmevor in the gas picture for the
nation as a whcle.

The domestic and Norch Slope na-ural gas resource bases are more
diffizcult to document. The SRI National Energy Model requires as input
"marginal CDH' .urves" describing the price and availability of natural
gas in eact ul eight natural Eas-producing regions. Intuitively, those
curves descrtbe how ruch gas could ultimataly be produced for wellhead
prices of 50¢{Mcf $1/Mcf, $3/Mcf, and so forth., The model performs a

relatively complicated caleulation to superimpose eccnomic rent upen these

marginal curves in ealeulating 8as prices. To give some Idea of the well-
head prices of natural gas and the quantities assumed available over timr
at those prices, we have constructed Table 4.38, which contains the well-
" head price and the annual production of gas for each of the natural gas-
producing regions in the country over the next fifty years. Note thar the
North Slope makes a significant contribution apd production ia many of the
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Lower Forty-eight regions begins to decline in just a few years. It

is important to mote that these prices and quantities are calculated
assuming absolutely no price regulation of amy kind. In testing the
overall benefits of cowmercial demonstration of the Lurgl technology
under a number of scenarios, ir would certainly be necessary to ineclude
different assumptions about regulation of gas prices at the wellhead.
The methodology has this capability, but we have not developed it fully
because gas ragulation tends to affect all bids Toughly equally. 1In
examining the prices in Table 4.38, it is importéﬁt to note that the prices
are equilibrium prices, set in competition with all other snurces of
energy, including synthetic gas, imported gas and liquids, domestic
liguids, syntbzti: liquida, electric power, and so forth. Wote that
these gas prinse rise from on the order of $1.75 to $2.00/MMBtu at the
welihead in: ;975 to prices on rthe order of $3.00/MMBtu at the wellhead
in 202s5. This ultimate price of §3. 00 is the price. at which the next
most attractive source of gas begins to compete. That source, in the
base case, 1z second gemeraticn synthetic gas from coal.

Ope of the other major competiters with synthetic gas 1s imported
LNG. Table 4 39 illustrates the prices and quantities of LNG assumed in
the base cash medel run. Note that these prices are very high and that
the quantlties”are very low, reflecting the base case assumption that LNG
is not competizive. In that respeet, the base case is Favorable to early
introduction of synthetic gas.

The energy model measures the competitive position of both first
generation (Lurgi) and second generation synthetic gas from coal over time.
In Tahle 4.40, we have listed the prices and quantities of synthetic gas
from each of these processes in each of the four coal-producing regions
of the country over time. That table gives an interesting Insight into
the interrelationship between the first and second generation high Btu
gas from coal. HNote that the production of gas from the Lurgi technology
comes on for a space of several years, but then is driven down by the
advent of second generation technology. The implication is that the
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Lurgl technology "fills the gap" between the time at which the

wellhead price of natural gas rises to the price of lurgl gas and the time
at which second generation gas becomes available. In rhe base case, it

is a very short time span. Thus, we might suspect that the principal
benefits of early commercialization of Luxgl plants do not accrue from

reducing long run econcmics from Lurgi plancs per se, but accrue much more

from reducing the leng run economics of second generation gasificetion plants.

As we discussed. above in the description of the plant model, many of the
components of Lurgi plants and second generation plants are simi‘ar. To the
extent that early demomstration of a Lurgi plant reduces the cost of any
of these common components, benefits will be received by the second penera-

tion techmology as well.

At this point, it is important to note.that the SRI National Energy
Model computes only incremental prices (marginal costs) for every technolegy
in the energy system. In other words, the prices computed for synthetic

gas from ecpal are pot rate base of utility-type prices but are marginal

costs of new capacity. This raises a significant point regarding the decision-

making critezion used by the potential builder of Lurgl plants. While he
may make his decisien as to whether or not to build a Lurgi plant based on
marginal cost, he is forced to price at "average cosﬁ,“ i.e., charge a price
determined by the rate base formula. Therefore, although the model mskes
a credible technology selection decision, the prices it computes for syn-
thetic gas are slightly lower in the near term and slightly higher im the
long term. In the very lomg term, because marginal and average prices are
not too different for a mature industry, little error results from this
assumption. In the near term, some erri: may be introduced by this assump-
tion. Waonetheless, the Framework is capable of dealing with the average
cast prices if necessary to understand naticnal costs and bemefits of
Lurgl demonstration.

Table 4.40 contajns a very interesting growth pattern for synthetic
gas from coal. DNote the extremely rapid growth in second generation high
Btu pas prﬁduced from Western coal. Its relatively low prices are the reason

for that rapid growth. In this model, we assune a 127% current dollar

. 16&
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dis&ount rate for gas utilities. dssuming, as the model does, a 3%
Inflation rate, this cerresponds to a 7% real time preference rate by

utility decision makers, Usdng the 7% real discount rate, and assuming
the matute second generation high Btu gas plant can be built for on the
order of haif a billion 1975 dollars, a synthetie high Btu gas price as
low as $2.35 would prevail. This low discount rate assumption introduces

little error, as it applies egually to all technologies -~ gases, ligquids, !
and electricity. !

A technology such as second generation high Btu gas from coal, growing
as rapidly as that technology grows, can pay significant benefirs if its
Price is lowered slightly or perhaps if it is accelerated somewhat. Thus,
based on this projection, we would expect the principal benefits from

commexcial demonstration of Lurgi plants to accrue by accelerating second

Beneration gasification technologies. The numerical example we shall dis-
cuss below examines the implications of accelerating second generation high
Btu gasification of coal by three years and Lurgi by five. 3

To further expldre the total gas picture implied by the base case run
of the SRI NWarional Energy Model, it is instructive to look at the prices
and quantities of methane delivered to the various demand regions of the
country as a functlon of time. Table 4.41 eontains these prices and
quantities. This methane originates from any of the above sources —— natural
8as in the Lower Forty-eight or the North Sloﬁé, imported LNG, or synthetic
natural gas. Because we have found a good deal of confusion in describing
the economics of methane in the long run, we think it is important to docu—
ment the equilibrium prices and quantities of gas computed by the SRY
National Energy Model in each of the demand regions of the country as a
function of time. A principal reason for documenting these prices and
quanitities I1s to move away from the mentallty of projecting only the quantity
of gas that will be delivered to the customere in the various regions over
time. Suth projections typically show a declining gas production withouk
mentiop of pirce. Because commerclal demonstration of Lurgl plants pay

benefits only if they can change the long run economics of discributed gas,
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it is Important ro consider both quantity and prige, We re-emphasize

that these prices of del@ge:ed methane assume the low discount vates
discussed above. Thus, tﬂey are significantly lower than many published
estimates even though they ¥se the same capltal and operating costs,
IMPLICATIONS FOR HIGH BTU GAS

At this point, it ig useful to review severgl of the implications of

the energy model runs for high EBtu Bas. TFirst of all, under the base case
and early SNG assumptions, high Bru ga2s does not decline in market share
in the long run. The bage case is clearly not a case in which ﬁizh Btu
Bas Is replaced by an alternate fuel form —- liquid fuels, electricity,
coal, or hydropen. In fact, it is very difficult to comstruct stenariog
in which high Bru gas is replacéd_to a significant degrea by another fuel
unless first and gecond generation synthetic gas from ceal become signifi-
cantly wmore expensive than our bass cdge estimztes. Because high Btd Bas
from coal appears to be cne of the more attractive sourees of energy in
the long run, forces that decrease its price tend to Pay benefits in the
long run. On the other hand, forces that tend to drive up Its price do
not pay benefits. The significant question with regard to high Btu gas

1 not whether a decrease in its price wiii pay berefits; the question

is when will high Btu gas be competitive with natural gas. This question
is set principally by the natura]l gas resource base —- how much natural
gas remains to be produced at or less than the price of synthetic gas.

The base case shows a Very strong need for advanced technologies to produce
high Btu gas by 1992, and the early availability case shows that a strong
need exists three Yyears earlier as wall, Thus, one would expect o see
benefits from accelerating sacond generation high Btu technology,

" There are a number of ways to accelerate the development of advanced
gasification technologies. One of those ways, and only one, is to com-
mercialize Lurgi plants today. Other ways might include R&D, bench scale
t;sts, pilot plants, or demo Plants for the various second peneration

Basification technologies themsalves, rather than commercial demonstration
‘of first generation plants today. To understand whether or not the nation
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ought to demomstrate Lurgi plants, one must carefully comnsider whether
commercial Lurgl demonstration has more effect on acceleéating second
generation technologies than working directly on those second generation
technologies themselves. As of this writing, this issue 1s largely un-
resolved. There are those who argue that the key issues in gasification
ar= materials, scale-up, handling, financing, regulation, instrumentation,
overall plant design, and a general lack of experience with gasificarion

on & large scala. Because many of these skills are tranSportable to second

.generation technologies, they argue that one mightvlearn more about

second .generation gasiflcation by building a first}generatzon plant and
acquiring these skills. In summazry, the contention is thar the problems

of gasification are problems of physies rather than chemistry. The counter
argument involves whether or not primary aEtention should be directed at
second generation hlgh Btu pasificarion plants as intepgrated faciliries.
The argument is that by focusing R&D and demcnstration efforts on second
generation plants as whole faciliries we axe bound te learn more about

those plants. Thus, even though commercial demenstration of Lurgl plants

may, produce more benefits than costs, that does not imply that as a nation

we ought to commercialize Lurgi plants. What it does imply is that we
ought to investigate some of the other options for accelerating SNG ¢nd
compare them te the commercialization option.

One of the key benefirs of using an energy model such as the SRE
Mational Energy Model is that it takes care of the interfuel competition
prohlem in a very completa mannex. he model chooses among competlng
technolopies to satlsfy various categories of usable energy demaﬂd based
on price. If Technology A can satisfy a uszble energy demand cheape: than
Technology B, the model tends toward Technology A. In the hase case Tum,
synthetic high Btu gas from coal using second generation technology can
satisfy maﬁy ugable energy demand categovigs cheiper than ary other tech-
nology, and thus the model tends to selact it over the other technologies.
Accelerating gas makes it even more connetitive. It is also significant
to note that synthetic high Btu gas is more atrractive than low Btu gas,

168

P

B TRV e

o e o b



hydrogen, or methanol which employ gasification. Therefore, one of the
key implications of the base case is that the benefits of commercializing
high Btu gas from coal accrue mostly in terms of providing cheaper long

run high Btu gas from coal, and not in providing more attractive gasification:

based technologies.

CALCULATION OF LONG RUN BENEFITS
The manner in which the SRI National Energy Model. is used to assess

-

the leng run economic and env%ronmental costs and benefits deserves a note
of explanation. Suppo§e qgﬁ*Qanted o stess the effect of a program that
accelerared high Btu g;gxgy five years. Cne would construct two cases fop
the SRI National Enerpy Model. The first case would be z base case, and
the second case would be identical witl the base case, with ocne exception.
That exception would be that high Btu gas technolopies were available sooner.
With this as background, we now present the numerical eutput from the energy
model and the evaluation of the long run econcmic benefits of accelerated
SHG under one scenario. Note that because all other assumptions are
identical, wa are in effeet evaluating only & single scenario. That is,
we are eyaluating the attractiveness of accelerating high Btu gas under
one set of assumpticns. As alluded to above, in order to exhaustivaly
determine the implications of accelerating high Bru gés, one would have to
look at a number of diiferent scenarios, each of which would involve at
least two enexgy model runs,

Thls discussion will be “step-by-step” so that the reader can become
familiar with the calculations being performed as well as the insights.
This should minimize confusion about how such evaluations should be made.
In the discussion, we will first discuss the calculation of national long

run changes in consumer surplus, and then discuss the national long run

~changes in producer surplus. 1In Table 4.42, we have displayed the usable

energy prices and quantities for all forms of usable energy In the base

case. In that table, we distinguish between usable energy in the automotive
transporration sec;&r and all other formes of usable energy. The reason is

v
.
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simply that the units of usable energy in the auromotive are in the form
of vehicle miles of aute travel while all other seétors are expressed in
terms of Btus of usable energy delivered. As we shall point out shortly,
however, the unice of the various categories of usable energy are incon~
sequential becanse the changes in consumer surplus will be expressed in
terms of dollars,

CONSUMERS' SURPLUS

In order to assess the changes in consumer surplus under the particular
secnario we denoted "early availlability of SNG" above, we require the same
usable energy prices and quantities for that case. Table 4,43 contains
those prices and quantlties of usable energy in the early SNG availability
case for both automotive and non—automotive-usablg energy demands. The
numbers In Tables 4.42 and 4.43 aze sufficient to determine the net present
change in consumers' surplus in the early SNG availabilicy scenmario.

To 1llustrate the consumers' surplus calculation, note that in the
year 2001 in the non-automotive usable energy demand category, the pfices
and quantities are as follows:

-]
]

$6.525 MMBLu

)
L}

67.62 quads/year

rd
It

$6 536/ MMBtu

Q 67 49 queds/year

In order to compute the change in consumers' surplus between the two
cases in the vear 2001, we plot the two pricefquantity pairs, one for each
case, in Figure 4.37. We know that these equillbrium points fall on a
single demand curve and represent the point at which two separate supply
curves cross that single demand curve. In Fipure 4.37 we deuwote the deumand
curve by a dotted line. By simply assuming that the demand curve between
the two points in that figure is linear, we can calculate an approximation

to the change in consumers' surplus between the tuo cases. The change in
consumers’ surplus in 2001 under such an assumption is gimply the area of
the shaded trapezold im Figure 4.37. Returning to equatiom (1) in the

170

RURIPSEE. TL

A e e £ e ey Py TS



RRIRRRE s <o s e

1ar et ———

PRICES AND QUANTITIES OF USABLE ENERCY

] _ . _ B.asé'. Case
ADTO : NON-AUTD
Price Quantity . Price Quantity
(/) . (reil, Mi/¥r) i (8/MMBru) {OBTU/Yx)
1975 . 1240 1.244 < e.s4z 28,725
1977 .250 1.335 6.576 ' 31.635
1980 .238 1.471 6.082 35,994
1983 .232 . 1.607 6.152 40.348
1986 X T 1.720 6.235 44,783
1989 .229 1.805 6.325 49.300
1992 © .22 1,805 " 6.430 53.835
1995 .229 1.967 6.459 58.369 - .
1998 .229 ' 2,048 6.355 62.901 ”
2001 .230 .?.125 '6.536 67.490
2004 .230 2.197 6.561 72.133
© 2007 .230 2.268 6.563 76.272
2010 .233 2.339 6.504 81.438
2013 .230 2.411 6.637 86.075 .
TABLE 4.42

et ?
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Year
1975
1977
1980
1983
1986
1989
1992
1995
1998
2001
2004
2007
2010
2013

PRICES AND QUANTITIES OF USABLE ENERGY

Early SNG Case

AUTO NON=-AUTD
Price Quantity Price Quantity
(/ML)  (Tril. Mi/yx) {$/MMBEn) {QBTU/Yx)
240 1.244 6.846 28.725
.249 1.336 6.577 31.635
.238 1.475 6.073 36.010
.232 1.610 6.153 40.350
<230 1,721 6.247 44.748
.229 1.807 6.318 49,291
.229 1.888 6.405 53,893
229 1.969 6.436 53.463
.229 2.050 6.530 63.025
.230 2.136 6.525 67.621
.230 2.199 6.560 72.247
.230 2.270 6.553 76.892
.233 2.341 6.503 B1.507
.230 2.416 ' 6.440 86.051
TABLE 4.43
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Frice of

noen—auto
Usable
Energy
($/MMBtu)

$6.536

$6.325

FIGURE 4,37

Change in Consumers' Surplus in 2001
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discussion of consumers' surplus above, the change in consumers' surplus
in the non-automotive sector im the year 2001 is

1/2{67.49 + 67.62)(6.536 - 6.525) = §50.74 billion/year

This calculation has been performed using the prices and quantities in
Tables 4,42 and 4.43, and the annwal change in consumers' surplus

between the two cases has been tabularized in Table 4.44 for both the
automotive and non-automotive sectors. Norte that in Table 4.54 the change
In consumers' surplus in the automotive sector as the result of accelerating
SNG is zere. This is because changes in the economics of high Btu gas

over such a small range have no effect on the supply/demand balance in

the liquid fuels sector and thus the automotive sector is largely unaf-
fected. For the remainder of our discussion of the change in consumers'
surplus, then, we will ipnore the automotive se:tor.:

Wote that these annual changes in consumers' surplus are assumed by
the erergy model to apply over a three-year time period. In order to
calculate the net present consumers' surplus, this fact must be included
in the calculations. In order to do so, we must calculate the ner present -

change in consumers’ surplus at the beginning of each time period, and

- then discount these net present surplus measures at the beginnings of the

time periods back to the base year, which is assumed to be 1977. We *-ill
illustrate both calculations. Assuming that r is cthe discount rate in

constant dollars by which we discount changes in consumers' surplus, the
net present value within a three-year time period of an annual change in

consumers' surplus &C5 is
&)
¥
1
=

This is a straightforward expansion of 2 geometric series. For the year

» ACS .

2001, assuming 10Z discounting in constant dollars and using the annual
change in consumers' surplus from Table 4.44, the 2000 to 2003 het presant
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CHANGE IN CONSUMERS' SURPLUS
(BILLION $/YR)

YEAR AUTO NON-AUTO TOTAL
1975 0 a 0

1977 0 o 0

1980 0 0 c

1983 0 -.04 -.04
1386 0 ~.54 -.54
1589 0 .35 =35
1992 v 1.33 1.35
1995 0 1.34 1.34
1998 0 1.57 1.57
2001 o .74 -74
2004 1] .07 .07
2007 0 37 77
2010 0 .08 .08
2013 0 .26 .26

TABLE 4.44
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change in consumers’ surplus is

1- 23
Tk SR = 2,02
1- 575
1.1

Table 4.45 contalns the annual changes In consumers' surplus in terms of
dollars per year as computred from the previous tables, the time periods
under c¢onsideration, and the neb present change in c_onsumers' surplus
within each time period expressed at the beginning of that time period.
Note that the net present change within each time period depends upon

the discount rate. Lower discount rates lead to higher net present changes

within a period. In the case where zero discounting occurs, the net present

thange within each period is simply three times the annual change fer time
periods of length three years. The fourth ceclumn of that table, the net
present change in consuvwers® surplus by period, then must be discounted
to the base year, which is Janvaxy 1, 1977. Again, for the time period
2000 to 2003, one discounts the net present change within that peried

- 2,02 billion dollars == across the time period from 1977 to 2000, a

period of twenry-rhree years. The result of that caleulation is

2.02 x c-ili]»23 = 0.23 billion dollars

The finzl column in Table 4.55 contains the contribution from each time
pariod to the total presemt value. To get the net present value in
January 1, 1977, one simply adds those numbers. For the present example,
at 10% comstant dollar discounting, those numbers add up to $2.3 billiom.
It is important to ncte ac thils point that the SRI Ratiomal Enexgy
Model arrives at equilibrium prices and gquantities using an iterative
method. As e result, the accuracy of the nyéﬁars depends on the degrec
to which the model is converged. For these partlcular cases, we have
not spent the money necessary to converge the model to an extremely fine
level of detall. Therefore, there is some “nolse"” ia the aumbers we have
presented here. '
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NET PRESENT VALUE OF CHANGE IN CONSUMERS SURPLUS
(10% Constant Biscowmting to 1!1!1977)

ANNUAL CHANGE CHANGE BY PERIOD CONIRIBOTIOR TO
(BILLION 5/YR) _E_}IE‘ EERIOD {BILLION $) PRESENT VALUE
1975 i} 19751976 ) 0
1977 8 " 1976-1979 0 )
1980 o 1979-193z2 0 o
1983 . -.04 1092-1985 - -
1985 : -5 1985-1986 ~1.48 - 69
1589 .35 1388-1931 43 3t
1992 1.35 19911954 3.69 .97
1995 1.34 1994-1997 3.67 .73
1998 .57 1997-2000 4,30 .64
2001 74 2600-2003 3.02 .23
2004 .07 2003-2005 .18 .02
2002 77 2006-2009 2,11 .13
2010 .08 2009-2012 .22 3 .01
2013 .26 2012~2015 71 .03
TABLE &.45
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