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TABLE H-III-14

FUTURE DEMAND FOR GAS AND OIL—
SENSITIVITY TO COAL COST

Quadrillion Btu/year (1015 “tu/year)

1986 1995
High Low High Low
Coal Nominal Coal Coal Nominal Coal
Cost ' Cost Cost Cost
Synthetic
Gas .9 1.1 1.2 3.7 6.1 7.2
Imported
Gas 1.5 1.5 1.5 2.5 2.0 1.9
Domestic
Natural
Gas 26.6 26.4 26.4 24.5 23.3 22.6
Synthetic
Liquids .6 .7 .8 3.8 4.7 5.5
0il
Imports 10.7 °.8 9.2 13.2 10.9 9.4
Domestic
Crude 24.7 24.8 25.0 26.3 26.5 26.5
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13. High DCF Rate

The effect of tighter capital markets and higher .-eturns on

equity are explored in this sensitivity. The nominal case discount
rates are:

Utilities: 13.2%
Industry = 17.8%
expressed in inflated dollars. In terms of constant 1975 dollars

assuming a 5% infiation rate, these discount rates are 7.81% and

12.2% respectively. 1In the high DCF rate case, the discount rates
were changed to:

Utilities: 14.9%
Industry : 25.7%

expressed in inflated dollars. In terms of constant 1975 dollars,
these discount rates are 9.43% and 19.7% respectively.

Tne sensitivity of the gaseous and liquid fuels markets to the
high DCF rate is shown in Figure H-111-38 and Table H-III-15. The
interesting point to note is that the high DCF rate has small negative
effect on synfuels because they are so capital intensive and a small
positive effect on imports because they are low in capital cost. Thus
the principal effect of high DCF rate is to make the capital-intensive
technologies less attractive relative to low capitai cost technologies.

The important results are:

0 Synthetic gases are up 5% in 1995; synthetic liquids are
down 29% in 1995.

0 Imported crude is up 13% in 1995.
0 Domestic production is unaffected.
0 The effect of higher discount rates is relatively minor.

o High returns on equity favor synthetic gas plants over
synthetic liquids plants because the gas plants are more
highly leveraged.
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Table

FUTURE DEMAND FOR

SENSITIVITY TO DISCOUNTED CASH FLOW RATE

Quadrillion Btu/year

B-T1I-1¢

GAS AND OIL--

(1015 Btu/year)

1586 1995
Eigh Bigh
DCF Nominal DCF Nominal
Rate Rate
Synthatic
Gas 1.0 1.1 €.4 6.1
Imported
Crude 1.5 1.5 2.1 2.0
Dowestic
Natural
Gas 27.0 26.4 23.3 23.3
Synthetic
Liquids .6 .7 3.4 4.7
0il
Imports 10.0 5.8 12.3 10.9
Domestic
Crude 24.7 24.8 26.6 26.5
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14. Hydrogen Availability

There is some question as to the feasibility of hydrogen because
of transportation, distribution, and safety difficulties. 1In this
sensitivity, hydrogen is eliminated from the energy balance altogether,
whereas in the nominal case, hydrogen can be generated by partial oxi-
dation of coal or by thermochemical decomposition of water using nuclear
heat.

Figure H-III-39 and Table H-III-16 illustrate the sensitivity of the
liguid and gaseous fuels markets to hydrogen availability. Since the
elimination of hydrogen has virtually no effect on the primary rescurce
balance, it will not be shown.

The effects of removing hydrogen are the following:

o Small reduction in gas production due to elimination of hydrogen.

o Small increase in domestic gas preoduction to account for hydrogen
elimination.

o Small increase in electric power generation to account for
elimination of industrial fuel cells.

o No effect on imports.

o Small-increase in synthetic Tiquids.
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Table

H-I1I-16

FUTURE DEMAND FOR GAS AND OIL-—-
SENSITIVITY TO AVATLABILITY OF HYDROGEN

Quadrillion Btu/year {1015 Btu/year)

1995
No Hy Nomimal No Hy Nomiral
Synthetic
Gas 0.5 1.1 4.6 6.1
Imported
Gas 1.5 1.5 2.0 2.0
Domestic
Natural
Gas 26.6 26.4 23.4 23.3
Synthetic
Liquids 0.8 0.7 5.0 4.7
0il
Imports 9.8 9.8 10.9 10.9
Domestic
Crude 24.8 24.8 26.4 26.5
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APPENDIX I DATA AND MODEL USED IN THE
DECISION ANATYSIS

This Appendix describes both the structural model and the data
used in the decision analysis of the alternative programs (see Chapter V
and V). Section 1 is a tabulation of the data that forms the base case
of the decision analysis. Some of the data, such as the demand curves.
was derived from the Stanford Research Institute (:RI) Energy Model. The
remainder of the data was a- ssed directly by consultants and members
of the Task Force and is oonsidered to represent the best collective
judgment of the Task Force at this time.

Section Z describes the structural model in detail, showing how
the components of total net benefit are calculated in the analysis.

Section 3 is a step-by-step calc:lation of the total benefit of
a sample path through the decision tree.

Section 4 is a short discussion of the envirommental and socic-
economic costs that are considered in the analysis,
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A. DATA USED IN THE ANALYSIS

1. Branch Prohabilities

The branch probsbilities at each chance node in the decision tree are
.25, .50, and .25, except for the two nodes representing the state of the oil
cartel in 1985 and 1995. The hranch probabilities for these two nodes are
shown in Fiqure 28 of the main text,

2. Demand Curve Parameters

Parametric demand curves are used in the analysis to relate the market
price to the quantity of foreign and synthetic fuel demanded. The functional
form of the demand curve is:

p{g) = 2 + c.

bq

One demand curve is specified for 1985 (showm in Figure I-l), whereas
three demand curves (shown in Figure I-2) are specified for 1995 to
reflect uncertainty about the U.S. energy position during the 1990°'s.

As shown by tte ddta points on the figures, these demand curves were
derived from the SRI Energy Model. The parameters for all four demand
curves are given in Table I-1.

3. Synthetic Fuel Production Capacity

The synthetic fuel production capacity in 1985 is assumed to be can-
pletely determined by the program decision and is shown in Table I-2.
The capacity in 1995 is the sum of the 1985 capacity and the amount by
which the capacity is expanded after 1985. The capacity expansion is a
private sector decision made in 1985 when the 1985 state of the cartel
and the forecast of 1995 synthetic fuel costs are known, but when uncer-
tainty exists about the state of the cartel, the Fforeign fuel price, the
cost of synthetic fuel, and the U.S. energy position in 1995. The private
sector decision is made to maximize the expected producer surplus in
1995.

For each cambination of program level, state of the cartel in 1985,
and forecast of synthetic fuel cost in 1995, the optimal expansion decision
is cdetermined within the decision tree analysis. For reference, these
optimal expansion decisions are shown in Table I-3.
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TABLE I-1

DEMAND CURVE PARAMETERS

a
1985 1888.875
1995
Low demand 809.910
Medium demand 809.910
High demand 809.910

b
19.893

18.151

15.596
12.311

TABLE I-2

SYNTHETIC FUEL CAPACITY, 1985

Progran
Level

No program
Information program
Medium program
Large program

1/ Biomass conversion not included.

barrels per day.

Barrels
per Day
0

315,000
930,000
1,605,000

c

-69.000

~23.946
-23.946
-23.946

1/

Billions of
Barrels

per Year
0
0.115
0.339
0.58%

With biomass included, program totals
are 350,000 barrels per day, one million barrels per day, and 1.7 million
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TABLE I-3

AMOUNT OF CAPACITY EXPANSION
(Millioas of Barrels per Day)

Forecast of 1995 Synthetic Fuel Cost

Program 1985 State

Level of Cartel Expensive Moderats Cheap
No strong 0 1 2
program ‘ weak 0 o 0
Informational strong 0 2 4
Program weak i} 0 2
Medium strong 1 3 4
Program weak 0 1 3
Large strong 2 4 5
program weak 0 3 4

° .



4. Synthetic Fuel Cost

Regardless of the size of the program, all of the synthetic
fuel plants built before 1985 will employ first-generation
techmology. Therefore, the cost of synthetic fuel in 1985 is
independent of program size and depends only on the resslution of
mcertainty about the basic tecimological factors ir. its pro-
duction. These costs are shown in Table I-4.

The plants built after 1985 will employ second-generation
tecimology. Because of learming effects, the cost of production
in these plants will be generally lower than in the first-generation
Plants. In addition, the size of the commercialization program will
have two effects on the ~ost of synthetic fuel in 1995.  rirst, be-
cause the larger programs explore a more diversified set of tech-
mologies and are therefore more likely to develop a low-cost tech-
nology to employ in the second-generation plants, the larger the
program the lower the expected 1995 cost of productimn. Second,
because the larger programs constitute a larger ''sample' of experi-
mental plants, the larger the program the less uncertainty about
the 1995 cost of production. Thus, as shown in Table I-4, both the
mean and variance of the 1995 cost of synthetic fuel decrease as
the program size increases. :

The cost of synthetic fuels used in the analysis is a weighted
average of the costs of the various types of synthecic fuels that the
market would find economical to produce. These costs were camputed
from costs assessed separately for liquid and gaseous synthetics.
Table I-5 illustrates for the informational program case how esti-
mates of synthetic liquids and gas costs were adjusted for the pre-
miun value of gas cver oil and the fraction of synthetics that are
gases. The premiims and fractions used were derived from the results
of the SRI Energy Model sensitivity cases.
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5. Cost Factors for Synthetic Fuel Capacity Expansion

The 1995 synthetic fuel costs shown in Table T-4 are nominal
values that do not take into account the cost of rapid capacity
expansion between 1985 and 1995. The greater the expansion,
the greater the strain on secondary suppliers, on transportation
facilities and on other support industries; except for some socio-
economic and envircrmental effects, this added strain cn the general
infrastructure will be internalized by the synthetic fuel industry
and increase its production costs. To some extent, the commexr-
cialization program will mitigate these expansion costs by pro-
viding some of the necessary infrastructure before 1985. As shown
in Figure I-3, the larger the program the lower the costs of ex-
pansion. Note, for instance, that if there is no progrzn, expan-
sion beyond three million barrels per day is prohibitively expensive.

The curves in Figure I-3, when miltiplied by the nominal 1995
costs shown in Table I-4, are the long-term marginal cost, or supply,
curves used to compute the producer swplus derived from the second-
generation plants.
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6. Foreign Fuel Price

The price of imported fuel in both 1985 and 1995 depends very
strongly on the state of the oil producers' cartel at the time. It
is assumed that, if the cartel is weak, it has no control over the
world price of fuel; rather, the price is set at a rather low level
by market forces. On the other hand, if the cartel is strong, it
can maintain its price at a higher level.

Because the productive capacity of synthetic fuel in 1985 will
be relatively small regardless of program size and because oniy
expensive first-generation plants will be in operation then the price
set by the cartel in 1985 is independent of the synthetic fuel pro-
gram. The 1985 imported fuel prices are shown in Table I-7. By
1995, however, synthetic fuel will be a potentially attractive
alternative to imported fuel. The cartel, assuming that it is strong
will then adjust its price according to the long-term cost of produc-
ing synthetic fuel. The dependence of the 1995 imported fuel price
on the cost of synthetic fuel is shown in Figure I-4.




Table 14
SYNTHETIC FUEL COSTS
Actual Forecast Actual
Program Forecest 1985 of 1998 1995
Cost Cost . Cost
Hish
Expensive Medi 85
2356 2244 = nam
Low
1845
No Program 20.50
¢ B/d Moderate .
O—" 17.06 16.25 E 16.25
12.85
Cheap 19.31
13.14 1251 12.51
8.46
34
Expensive 2345
23.56 20,48 2040
Informational 1234
Program
315,000 B/d Moderate 16.99
O— 17.06 14.77 14.77
. 13.29
14.21
Cheap
13.14 11.37 137
8.158
Expensive 18.10
23.56 1134 11.38
15.19
Medium Program
930,000 B/d Moderate 18.3
17.06 12.66 12.66
11.67
Cheap 12.53
13.14 10.23 10.23
924
. 17.87
Expensive
23.56 16.32 E 1632
14.96
Mexximiom Program 3.0
1,605,000 B/d Moderate .
O- 17.06 11.61 11.51
10.91
Cheap 11.64
13.14 10.23 10.23
. 9.48
I30




TABLE I-5

DEVELOPMENT OF SYNTHETIC FUELS ECONOMICS
(For Informational Program Case)

Cheap Nominal Expensive

Synthetic liquids cost ($/bbl) 10.00 14.00 20.00
Synthetic gases cost (§/MMBtu) 2.25 2.75 3.75

($/bbl) 13.03 15.95 21.75
Premium for gas over oil (§/bbl) 0 .60 1.2¢
Adjusted cost of gas (3/bbl) 13.05 15.35 20.55
Fraction of synthetics .45 .57 .73

that are gases

Weighted cost of synthetic 11.37 14.77 20.40

fuels ($/bbl)
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TABLE T-6

CAPACITY EXPANSION COST FACTORS

Expansion

0 million 1 million 2 milliom 3 willion 4 million 35 million

bbl/day bbl/day bbl/day bbl/day bbl/day bbl/day

No program 0.94 1.00 1.13 1.32 3.00 10.00
Informational

program 0.90 0.96 1.05 1.16 1.30 1.61
Yedium

program 0.89 0.94 1.01 1.11 1.23 1.46
Large

program 0.88 0.93 .99 1.06 1.16 1.36

TABLE I-7

FOREIGN FUEL PRICES, 1985

($/Barrel)
State
of Cartel High Medium Low
Strong $19.00 $15.00 $11.00
Weak 10.00 8.0C 6.00
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B. THE DBECISION ANALYSIS MODEL

The expected benefit for each program alternative is determined by
calculating the total benefit for each of the thousand paths through the
decision tree, multiplying by the probability of the path and summing.
For each path, the total benefit is calculated separately for the years
1985 and 1995 and weighted with the appropriate discount factors.

This gection describes in detail how the total benefit is calculated
for a given path through the tree. The first part describes the evaluation
of the state variables and@ the remaining portion describes the calculation
of the various coamponents of benefit.

1. Evaluation of State Variakles

For a given path through the decision tree, the following state vari-
ables are evaluated for 1985 and 1995 (refer to Figure I-5):

® Demand curve parameters: a,b,c
— For 1985, from Table I-1
— For 1995, from Table I-1, given the U.5. energy position.
® Synthetic fuel capacity: 9
— For 1985, fraom Table I-2, given the program level
— For 1995, the sum of the 1985 capacity and the amount
of capacity expansion from Table I-3, civen the program

level, the forecast of synthetic fuel cost, and the 1985
state of the cartel

° Market clearing price of synthetic fuel: p.. For 1985 and 1995,
derived fram the demand curve:

° Synthetic fuel cost: pg.

- For 1985, fram Table I-4, given the synthetic fuel cost
forecast

— For 1995, from Table I-4, given the program level, the
synthetic fuel cost forecast, and the level of synthetic
fuel cost
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° Foreign fuel price: Pg-

— For 1985, fram Table I-7, given the 1985 state of the
cartel and the level of foreign fuel price

— For 1995, from Figure I-4, given the 1995 state of the
cartel, the synthetic fuel cost, and the level of foreign
fuel price

Market eguilibrium price: p,.
— Fexr 1985 and 1995, derived from:
P, = min(p;,pf)

Total consumption of foreign and synthetic fuel: q,.

— For 1985 and 1595, derived fram the demand curve:

° Total imports: gg.

— For 1985 and 1995, derived fram:
qf = qo = qs

° Total consurption during an embargo: g

Jo -

-~ For 1985 and 1995, derived fram

Qe T 9 ~ qf/z

(This asswmes that one-half of the imported fuel is subject to
disruption during an embargo.)

Once values are specified for these state variables, all components
of benefit can be calculated.

2. Calculation of Consumer Surplus

Refer to Figure I-6. Given a demand curve specified by the parameters
a, b, and ¢, and given a market equilibrium price p, of foreign and
synthetic fuel, the consumer surplus is represented by the shaded area be-
low the demand curve and above the horizontal line at pg.

This area is determined as follows. The demand curve is given by the
equation

p(q) =b_:€+°

or

alp) = p.—c_— b.
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Then, the shaded area is:

(% + c)
c.s.(po) = /p q(pldp
[e)

N

[(% + cy .
= p (‘p—_: - b) dp

«|(%+ c)

= [a in{p-c) - bp
tr,

a a
=a ln(b) -2 ln(;:o0 c) - b(; + ¢c) + bp,

c.s.(p ) = a(ln(%) - 1) - a 1n(p_-c) + b(p, e},

3. Calculation of Expected Embargo Loss

Refer to Figure I-7. Given a long-term demand curve and a market
price p, of foreign and synthetic fuel, the pre-embargo eguilibrium point
is (po, Gp)- During an embargo, the quantity of fuel available for
consumption decreases abruptly to q.. Because of short-term inflexibilities
in consumption patterns, the equilibrium price pg of fuel during an embargo
is higher than the long~term demand curve indicates. In the analysis,
we use a linear approximation of the short-term demand curve with a slope
five times steeper than the slope of the long-term demand curve at the
pre-embargo equilibrium point.

The loss of consumer surplus during an embargo is represented by the
shaded trapezoidal area. This area is determined as follows. The long-
term demand curve and its slope are:

p(q) = ﬁ +c
dp(q) _ __a
dq (b+g)2
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The slope -k of the short-term demand curve is five times the slope of
the long-term demand curve at the pre—embargo equilibrium point (p,, gg):

5a
-k = - == .
(b+a0)?
The short-term equilibrium price pg during an embargo is:
pe = po + k(qo-qe)
52(9579)
= Po T (b )2

Then, the trapezoidal area representing the loss of consumer surplus
during an embargo is:  Loss = 1/2(q_+q,)(p-P_)

Sa(qo-qe)

(b+g )’

1]

1/2(q *g,)

2 2
(g, -9,
2
(b )
Given the probability p. of an embargo during the year ard an
expected duration of an embargo of five months, the expected annual
embargo loss is:

=2

E.L. = - -';—2) (pI ) (Loss)

2 2
(qo -qe)

_ 5 5
EL =- @k )52 i )?
o]

1
In the analysis, the probability of an embargo is given as 10 in 1985
and 1 in 1995.

20

4. Calculation of Producer Surplus

Refer to Figure I-B. Given a long-term supply curve for synthetic
fuel, a fixed synthetic fuel capacity g4, and a merket price p,, the surplus
to the producers of synthetic fuel is represented by the algebraic sum of
the shaded areas. The area for which the market price is above the
supply curve is a positive contribution to producer surplus, while the
area for which the market price is below the supply curve is a negative
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contribution. In the analysig, it is assumed that synthetic fuel is
always produced at full capacity because the market price alweys exceeds
the short-mun marginal cost of production with capital costs fixed.

If the supply curve is dencted as p. (g), the producer surplus is
given as:

[ inio
S.P. = J (po—pc(q) q

In the analysis, we use a piecewise linear approximation of the supply
curve, denoted p_ (q;). The producer surplus is then calculated as the
signed sum of irapezoidal and triangular areas, as follows:

3 1

55:2 (q,-9;_1) 5 [(p P (9)) + (P P (q;_;))]
N

S.P. =

1 1
;{2 (q;-9;_;)Ip, - Fp.(a) - 5 p.(q ]

where N is such that gy = g, the synthetic fuel capacity.

The supply curve for plants built after 1985 is the product of the
1995 synthetic fuel cost pg and the appropriate capacity expansion cost
factor curve shown in Fiqure I-3. Letting £ (qi) denote the expansion
cost factor, we get the supply curve:

pc(qi) = f(qi) - Py

The producer surplus from these plants is:
N
5.2 = B, (q-a;_lp, - 3o lfa) + £lay 1T

For plants built before 1985, the supply curve is assumed to be hori-

zontal at the 1985 synthetic fuel cost Pggg, so the producer surplus fram
these plants is:

S.P. = (Po - psas) . q585 -




5. Calculation of Environmental and Socio-~Econcmic Costs

The non-internalized environmental and socio-econamic cost of synthetlc
fuel production is assumed to be $.40 per barrel, so the total cost is:

EYC = -(-40) qs ]

6. Calculation of Total Discounted Net Benefit

The total net benefit in each of the years 1985 and 1995 is simply
the sum of the consumer surplus, the expected embargo loss, the producer
surplus, and the environmental and socio-econamic costs in that year:

B, = C.5.. + E.L._ + S8.P.. + .
J J 3 J EVCJ

where j = 1985 or 1995.

The total discounted net benefit is determined by nmltlplymg the
benefit in each year by the appropriate discount factor and summinz. The
benefit in 1985 represents the annual benefit for the decade 1980-1990;
similarly, the benefit in 1995 represents the annual benefit for the
. decade 1990-2000. For a 10% discount rate, the resulting discount factors
are 4.20 for 1985 and 1.62 for 1995, so the total discounted net benefit
is:

T.B. = (4.20)B + (1.62)3

1985 1995

This total discounted benefit, multiplied by the path probability,
contributes to the expected discounted net benefit of the particular
program alternative.




C. CALCULATION OF BENEFIT POR A SZMPLE PATH

As an example, consider the following path through the decision tree:

o

Informational program alternative

Nominal synthetic fuel cost forecast

Stronc 1985 ¢artel

Nominal 1985 foreign fuel price

Nominal 1985 synthetic fuel cost

Strong 1995 cartel

Nominal 1995 foreign fuel price

Moderate 1995 U.S. energy position

sequence of calculations described in Section 2 above, we
the total discounted net benefit for the path as described

1. Calcuiation of 1985 Benefits

a. Evaluation of State Variables

Using the
determine
below.
a = 1888.875
b = 19.893
¢ = -69.000
qq = .115 billion bbl/year
V=
p.'= $25.41
p, = $17.06
Pe = $15.00
P, = $15.00
g = 2.59 billion bbl/year
o
ae = 2.48 bil Zon bbl/year
g = 1.36 bi lion bbl/year

(Table I-1)

(Table I-2)

(Derived from demand cuzve)
(Table I-4)

(Table I-7)

(Derived from ps', Pf)
(Derived from demand curve)

(Derived from qo,qs)

(Derived from qo’qf)




e.

b. Calculation of Consumer Surplus

C.8. a(ln(%)—l) - a ln(po-C) + b(p,—c)

C.s.

1

$13.63 billion/vear.

c. Calculation of Expected Embargo Loss

(a?q?)
E.L. = )(10)( a) —= e

(b‘Hio)
E.L. = -81,90 billion/year.

d. Calculation of Producer Surplus

S.P. = (po—Ps)qs

-$0.24 billion/vear.

S.P.

Calculation of Envivommental and Soclo-Economic Costs

E.v.C.

—(.4D)qs

E.V.C,

-$0.04 billion/year.

f. Calcuiation of Total 1985 Benefit

31985 = C,8. + E.C. + 8.P. + E.V.C.

31985 = $11.44 billion/year.
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2. Calculation of 1995 Benefits

a. Evaluation of State Variakles

809.910
15.596 (Table -1,
~23.946

.846 billion bbl/year (2.315 miliion bbl/day),
(Tables I-2,1-3)

$25.31 (Derived from demand curve)
$14.77 (Table I-4)

$317.13 (Derived from Figure I-4)
$17.13 (Perived from ps',po)

4,12 billion bbl/year (Derived from demand curve)

3.27 billion bbl/year (Derived from qo,qs)

2.48 billion bbl/year (Derived from qo,qf)

b. Calculation of Consumer Surplus

C.5.

a(ln(%)—l) - a la(p_—c) + b(p_-c)

C.S. = $20.60 billion/year.

c. Calculation of Expected Embargo Loss

2 2
EL = -GGG a) Yo e

(b+q )’

E.L. = -$1.17 billion/year.
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d. Calcuiation of Producer Surplus

The capacity expansion is two million barrels per day (Table I-3).
The producer swrplus fram the plants built after 1985 is:

1
8.P.y = (-365) [Po"f' ps(0.90+0.96)]

+(.365) [po—%— P, (0.96+1.05)1

§.P., = 82.07 billion/year

The producer surplus fram plants built before 1985 is:

S'P'Z = (PO—PSSS) - 9585

S.P., = $0.01 billion/year.

2

Total producer surplus is:
. S.P. = $2.08 billion/year

e. Calculation of Envircnmental and Socio-Econamic Costs

E.V.C. = =(.40)q_

E.V.C. = -50.34 billion/vyear.

f. Calculation of Total 1995 Benefit

131995 = C.8. + E.L. + 5.P. + E.V.C.

31995 = $21.17 billion/year.

3. Calculation of Discounted Net Benefits

T.B. = (4.60)31985 + (1.62)B1995

T.B. = $82.34 billion

(Path probability = 0.0125)



D. ENVIRONMENTAL AND SCCIO-ECONOMIC ISSUES

The cost ascribed to synthetic fuels should include not only the
econamic factors such as labor and capital goods, but also such consequences
as air pollution, water pollution, land disruption, and rapid regional
growth. Therefore, a social cost was added to the econamic cost of
synthetic fuels to reflect values that might be placed on the envirommental
and socio—econamic conseqguences resulting fram a Synthetic Fuel Com-
mercialization Program. For the decisicn analysis it has been assumed that
costs of meeting pollution standards and providing for some degree of
regicnal infrastructure are internalized in the econamic costs, since the
cost of control programs will be reflected in the market price of
synthetic fuel products. The residual emission levels remaining and
socio-econanic impacts from rapid regional development give rise to
social — or external —- costs. In some cases these externalities could
be reduced by using a more effective, more expensive control strategy.
However, this change would result in a higher internal cost for the
synthetic fuel.

Environmental costs include air emissions, water quality and avail-
apility, and disturbances to land and associated flora and fauna. Emission
of sulfur oxides and nitrogen oxide are ascribed costs based on air
pollution damages as cited in recent National Academy reports. The cost
associated with other air emissions was assumed to be small in comparison.
Water withdrawals associated with western coal and oil shale development
are assumed to result in increased salinity in major river systems.
Increased salinity and other water quality issues are assessed in terms of
dollars per acre—foot of water used. Land disturbance, including effects
on vegetation and fauma and aesthetic impact, is included by assessing
a dollar value per acre of disturbed land. The cost of land rehabilitation
and revegetation is assumed to be already included in the econamic cost
of coal and shale mining. Envirommental cost calculations for representative
synthetic fuel processes are given in Table I-8. The basis for these
estimates is presented in Appendix E.

Socio—econamic impacts and health and safety considerations are
other examples of social consequences that may not be included in the
econcaric cost of synthetic fuels. Synthetic fuel processing and associated
activities will create employment, and to the degree that these jobs will
promote econamic growth, the program may have a positive benefit. On the
other hand, many of the synthetic fuels facilities may be built in sparsely
settled regions, necessitating rapid creation of public services and other
infrastructure, and perhaps inwolving social dislocation and conflicts
in life style between the incaming population and the present inhabitants
of the region. Rough judgments of the magnitude of the si..’: -=conamic
impacts have been made, and the res.:'ting values arz shown in T=“le I-8.
Discussion of the socio—econamic impe -t and possible methods to insure the
provision of services and infrastructi e are discusse® in agendix D.
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Table I-8

SOCIAL COSTS FOR REPRESENTATIVE
SYNTHETIC FUEL TECHNCLOGIES
{Cents per Barrel Equivalent)

! High Btu Gas Plant
Categary of Social Cost il Shale (Using Powder River
Coal)
Low | Mormal | High | Low | Normal | High
Enviranmental Costs
Air Cmissions
Sulfur Oxides 1 8 21 5 19 41
Nitrogen Dxides 3 9 30 2 5 16
Water [iepletion 0 1 13 0 3 42
Watar Quality 0 2 23 1 1 56
. Land Surface Alteration a1 1 1n 0.1 1 8
Total* Environmental Costs | 12 21 56 21 39 106
Soria-economic Impact -14 7 70 |-20 10 a0
Occupationai  Health
and Safety ] 12 30 0.2 0.6 §
Total* Social Cost 17 40 114 16 50 160
Values Used for Sensitivity
Analysis: ] 1] 100 0 40 100

*Totals for low and high cases are computed by taking “he sguare root of the sum
of the squares of deviations from nominal values.
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Health and safety of the synthetic fuel process warkers may also be
cansidered a possible externality. Extrapolation fram coal mining
experience and standard assumptions for valuing fatal and non-fatal
accidents provide the basis for the assessments shown in Table I-8. Dis-
cussion of the basis for these assessments is given in Appendix E.

If social costs are foud to be high it is assumed that some mitigating
strategies may be taken to reduce them. For example, if sulfur oxides are
found to cause damages at the high rate of 25 cents per pound of salfur
oxide emitted instead of the naminal estimate of 10 cents, imporved
scrubber technologies may be used to reduce sulfur emissions. These
technologies will add to the econamic cost of synthetic fuels but should
reduce the total of econamic and social cost. For this reason we have
used the value of $1.00 per barrel as the upper limit for sensitivity
analysis. It should be noted that $1.00/barrel represents about $18
million annually for a 50,000 barrel/day plant, or $365 million annually
for a one million barrel per day program. The naminal value used for
envirompmental and scciv—econcuic extarnalities is $0.40 per barrel of oil
equivalent, and a lower valve of 50.00 has been used in the sensitivity
analyses.
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E. SOCIC-ECONOMIC IMPACTIS

One effect of synthetic fuels programs should be to provide additional
employment, which is a desirable social objective. It is not known to what
extznt a synthetic fuel program would create new jobs as opposed to dis-
placing a limited supply of skilled workers from other productive activity.
It seems reasonable to assume that same new jobs would be created, directly
or indirectly as job openings occur due to workers leaving to take
amloyment in a synthetic fuel industry.

In sparsely settled western areas, rapid growth may accompany the
develomment of a synthetic fuel industry, leading to additional expenditures
needed to provide infrastructure amd public services. To the extent that
these costs are not reflected already in the econamics of synthetic fuel
progzam they should be included as extermalities. There may also be costs
associated with social disruption and conflict attendant with rapid growth
and cultural difference between the original inhabitants of the region
and the population influx caused by synthetic fuel development.

As a rough summary of the order of magnitude of these effects, the
assumptions shown in Table I-9 were used to compute a socio-economic
externality cost for the cost benefit analysis. These assumptions plus
the employment figures from the Draft Envirormenital Impact Analysis were
used to compute the socio-economic jmpact costs listed in Table I-8.
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TABLE TI-9

Estimate of Socio-Economic Exteramality Effects

low case:

nominal estimate:

high case:

operating workers $2000 net benefit per worker
construction workers 200 net benefit per worker
(over life of plant)

operating workers $1000 net cost per worker
construction workers 100 net cost per worker
(over life of plant)

operating workers $10,000 net cost per worker

construction workers 1,000 net cost per worker
(over life of plant)
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APPENDIX J INFLATIONARY IMPACT EVALUATION OF
THE PROPOSED LOWEST COST ALTERNATIVE
OF THE SYNTHETIC FUELS COMMERCIALIZATION
PROGRAM

Introduction

Ore means of reducing dependence on imports and mitigating
the wcrst effects of the prospective inerease in energy
prices is to provide special incentives to accelerate the
intrcduction of syrnthetic fuels capacitv. The initiation

of the Synthetic Fuels Commercizl.zation Program is designed
to accomplisnh such acceleration. The Incentives that will
te provided involve a combination of non-recourse guaranteed
loans, construction grants, and price supports aimed at
stimulating the production of synthetic fuels from oil

shale, coal, and other domestic energy rasources.

Four altermnative synthetic fuel programs were considered

and analyzed :

1) Single Phase Informeticn Program with a produciion
goal of 350,000 Barrels per Dav (B/D). This Pro-
gram is designed to gain technical information
concerning plant design and operation, environ-
mental informetion. &and economic information on
construction costs, operating costs, and market
selling prices.

2) Single Phase Medium Program with a production goal
of 1,000,000 B/C. This pregram is designed
TO increase the infermation gzined by construct-
ing multiple plants of 2 simijar nature in dif-
ferent regisns anc to produce a significant amount
of usable energy.

3) Two Phase Msdium Program with & production goal
of 1,000,C3C B/D. This option is designed as
a ccmpromise between the two rrevious options.
Phase I would generate the information on an
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accelerated schedule which would then be
used in Phase II to influence the mix of
technologies and production schedule.

4) Maximum Program with a production goal of
1,700,006 B/D. This option is designed to
rroduce the maximum amount of synfuels without
major dislocation in the =conomy, concentrating
on those fuels in shortest supply=--high BTU gas
and petroleum substitutes.

The following benefit-cost ratios were then constructed,
and, although they were all negative, the Information

Program ranked best since it had the lowest negative ratio.

Alternatives Expected Discournted
Net Benefits
(biliions of 1975 $)
1. Informastion Program (350,000 B/D by 1935) -$1.85
2. Medivwm Programs (1,000,000 B/D by 1985) -$5.u1
3. Maximum Program (1,700,000 B/D by 1885) -$10.98

Sourc. : Recommendztions for a Synthetic Fuels Commerciali-
zation Program, Volume IL, Chapter VL, P.63.

The following analysis of the inflationary impact of the
Information Program is divided into three sections: first,
its effect cn prices; second, the continuinz costs of +the
program to the government; and third, the social costs of the

programn,



Prices

The impact on the general price level is very difficult to
estimate because of the uncertain assumpticns that would

have to be made abour the levels of labor and capital employed
as weli as about monetary and fiscal policies during the
development pericd of the program. More definite statemerts
ean be made about the price impact on particular secuors

such as capital goods, coal, rail transportation, and water

supplies.

The total new capital required for the Information Program
amcunts to approximately $8-10 billion (in infiated dollars)
over the next decade. This should not impose tﬁo great a
bur<sn on capital markets because of the comperatively high
level of capital expenditures, witness expenditures in the
most recent decade:

Total Industry Expenditures
For New Plant and Equipment

Year {(billions of current dollars)
l9s6u u6.97
1665 E4.42
1966 63.51
1857 65.u47
1958 87.76
19863 75.56
1970 79.71
1871 £1.21
1972 88.44
1973 99.74

Source: .Business Staristics, 1973 Biennial Edition, U.S.

Depart@ent of Commerce, Bureau of Economic
&nalysis, P. 9.
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Some problems might arise in specifib capital goods markets,
such as ccal mining equipment, where there is currently a
backlog of delivery of up to two years in some cases. How-
ever, since the bulk of the capital expenditures in the Infor-
mation Program would not be made immediately, this problem

sheould not be too great.

Coal requirements for the Information Program place a signi-~
ficant demand on the coal industry -- 30 to 508 million tons
per year in the early 1980's. This is 5 to 8 percent of cur-
rent production, and, along with other increases in demand
such as the conversion of o0ilfired utilities +o coal, it
could lead to a classic demand—pull.inflationary situation
resulting in higher prices for an input which is critiecal to

the rest of the econony.

Another sector where adverse price effects could be experi-
enced, even if the difficulties in the coal sector were
overcome, is rail transportation. If +he coal sector develops
as projected for the next decade, expanded rail capacity

will probabiy be needed, with the amount depending on

where the synthetic fuel plants are located. In 1973, 381
million of the 591 million tons of coal produced were

transported by rail. With ccal production expected
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to double in the next decade, rail capacity will probably
have to increase in a corresponding manner. But for the vail
sector to deyelop without placing significant pressure on
prices, it will first require overcoming some major problems,
such as deteriorating railroad beds, the projected abandon-
ment of some 1,300 miles of coal branch lines, the shortage
of hopper cars, and the relatively inefficient utilization

of rolling stock.

A final sector wnich should be mentioned 1s that of water
supply. Water will be needed bo*h for production and consump-
tion in order to develop the coal and oil shale reserves in
the West. Civen *the limlted supplies of both surface and
ground water, as well as political disputes over water rights
ard allocaticn, this deveiopment will mean increased prices

for water and/or increased costs to government to provide

additional water supplies.

In summary, the Information Prcgram has the potential for
contributing to price increases in certain economic sectors
and regions of the country, but the total impact on prices
should not be very great given its limited goal of onlv

350,000 barrels per day.




Continuing Costs to the Government

In addition to the direct subsidies for capital formation,
there is another important aspect to the Syathetic Fuels
Commercialization Program, viz.. price support payments
which would be necessary if the world ..arhet price for the
synthetic fuel produced was less than the price necessary
to recapture all the costs, including reasonable profit, of
producing the synthetic fuels. Under the Information
Prograr, it is estimated that the maximum support payments

would be as follows:

COST TO THE GOVERNMENT OF POSSIBLE PRICE SUPPORT
PAYMENTS UNDER THE INFORMATION PROGRAM*

Support Cost Number of Barreals Totel Support

Type of Fuel per Barrel Produced per day Costs Der Gay
Shale 0il $u.57 106,000 B/D $457,5G0
High BTU Gas 0 120,000 B/D 0
Utility/Industrial
(unregulated) 6.00 100,000 B/D 600,000
Biomass 0 30,000 B/D N
350,000 B/D $1,057,50C

*Price support statistics were calculated assuming that the
market price for shale oil increases 7 percent per year from
a 1976 base of $7.00 per barrel and the market price for
unregulated utility/industrial fuels increases from # base
of $9.00 per barrel. The coal inputs for utility/industrial
fuel plants are assumed to start from a 1976 base price of
$17 per ton and increase at a rate of 7 percent per year.
The statistics r2fer to the costs expected in the first full
year cf operation (1982 for shale oil and 1983 for utility/
industrial fuels).
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Thus, the maximum support payments made by the government

under this program wouid be approximately $1 million per

day, vhich is roughly 0.25 percent of current energy costs.
This percentage will be even smaller in the future. TFinally,
these support costs would be even lower if world oil prices

increase or remain approximately $11 per barrel.

3ocial Zosts

The major social costs of a synthetic fuels commercilalization
crogram would result from the rapid development of relatively
unpopulated regions of the country where there would be a
sizable inflow of labor and capital in order to coanstruct and
then operate the synthetic fuels piants. Pricr to the develop-
merit of the infrastructure necessary to accommodate such growth,
there would be disruption of local lebor markets, hcousing
shortages, high rates of inflation (particularly in the cos*

ol public services) and socially undesirable behavior. These

social cocts do not seem +to be isolated occurrences. Abnor-

4y

mally high rates of divorce, alchcholism, and other social

il1s have been well dccumented for certazin western energy

boom towns.

A rcugn attempt has been made to quantify these costs by

estimating the cost of the infrastructure necessary to dezl

e

with these social problems.

In the case of the Information




Program, the infrastructure has been estimated to cost

$340 million on the basis of certain assumptions about
population and per capita cost.t However, the cost of the
infrastructure or the cost of dealing with these social
programs is only a very rough measure of the true cost to

society of these problems and is probadbly underestimated.

Summary

In summary, the inflationary impact of the Information
Program should not be verv great. Some price problems might
arise in specific sectors such as coal and rail transpor-
tation and in local areas which experience a sudden increase
in population and econcmic activity. After these initial
impacTs, there may be a continuing impact on the federal

budget as a result of the price support payments necessary

to provide these synthetic fuels, but, as pointed out above,
this should not be very great since the total amount of

energy produced under this program will be only 35C,00C

barrels per day. Beycnd these effects, there will be soéial

1 These assumptions are contained in Volume II, Appendix D,
Pages D21 and D22. An infrastructure cost of 33000 per
capita for the construction population and $1500 per capita
for the permanent population has been assumed.
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and environmental costs which will be borne primarily by

the residents of the areas where the plants ars to be
constructed. Although difficult to gquantify, these costs
will be limited because of the limited size of the Infor-
mation Pregram itself. However, if the synthetic fuels
program is extended in order to significantly increase the
supply of cdomestic fuel in a short period of tire, all

These effects will be magnified.
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