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PROJECTIONS OF GNP, AND SOURCES AND USES OF FUNDS
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Tahle A-1

GROSS NATIONAI. PRODUCT -- HISTORICAL AND PROJECTIONS TO 2000
{(Billions of Dollars)

Gross National

Current Constant Product Deflator
Historiecal Dollars 1973 Dollars 1973 = 100
1967 $ - 790 $1,060 74.7
1968 860 1,100 78.1
1969 920 1,130 8z2.0
1970 Q70 1,130 86,4
1971 1,050 1,160 50.8
1972 1,160 1,220 949
1973 1,300 1,300 100.0
1974 1,397 1,267 110.,3
Average antnual change .
1967-1974 8.5% 3.3% 5.0%
Projections
19735 1,480 1,220 i21
1980 2,340 1,590 147
1985 3,560 1,890 188
1990 5,420 2,260 240
1995 8,270 2,700 308
2000 12,590 3,220 391

Sources: Historical data, Constant 1973 dollars were obtained

from Survey of Current Business, Bureau of Economie
Analysis, Sept. 2974, p. 6, Table A,; current dollars
are from Table 1, varlous issues. Deflaiors were de-
rived by dividing current dollars by 1973 constant
‘dollars.

Projections. Real GNP was projected at an annual
growth rate of 3.6 percent, taking off from 1974,
The deflators werc projected at 5 percent annually
for the period 1975-2000. Current GNP was obtained
by multiplying real GNP by deflators.
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Table A-2

SOURCES OF FUNDS--HISTORICAL DATA AND PROJECTIONS TO 2000
{Billions of Current Dollars)

Business Personal Net Foreign
Historical Savings* Savings Investment
1967 3 93 3 40 5 2.2
1968 97 38 -0.3
1969 ' 97 38 -0.9
1970 a7 55 1.2
1971 110 61 -2.1
1972 126 ' a3 ~-9.1
1973 137 74 0.1
Projections
1975 ' 165 83 20
1980 249 95 40
1985 378 139 0
1990 574 218 0
1995 872 342 0
2000 1,326 533 0
Cumulative 1975-2000 14,639 5,696 300

*Business savings is equivalent to the sum of undistrib-
uted corporate profits, corporate inventory valuation
adjustment, corporate and noncorporate capital consump-
tion allowances, and wage accruals less disbursements
in the Survey of Current Business.

¢ Business savings

!
Sources: Historical. Survey of Current Business, National
Income and Product Table 15, various issues.

Projections, The equation 3.5 + 0,105 (CNP) was
used to project business savings, (See Refer-
ence 3.)

{continued}
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Table A-2 (concluded)

¢ Personal savings

Sources:

Historical, BSurvey of Current Business, National
Income and Product, Table 10, various issues,

Projections. Personal savings was projected using
a ratio of personal savings toe GNP (on a sliding
scale of 0,0425-0,039 for 1875-1985 and 0.039-
0.0425 from 1985-2000), (See Reference 3.}

® Nel foreign investment

Sources:

Historical, Survey of Current Busginess, National
Income and Product, Table 12, warious issues,

Projections, Net foreign investment (NFI), which
historically has fluctuated around zero, is as-
sumed to increase to %20 billion in 1975, to con-
tinue to grow, reaching a high of $40 billion in
1980, and then to fall to zero again by 1983, The
sharp rise in NFI1 expected over the 1875-85 period
is due to recycling of "'petro-dollars.” In 1975,
it is estimated that OPEC surplus revenues {(i.e.,
the difference between oil exports and total im-
ports) will be ahout $65 billion. Currently,
about 31 percent of these funds are returning to
the United States. OPEC surplus revenues are
expected to increase to about %130 billion by
1980, and assuming the 31 percent share for the
United States persists, a KFI in 1980 of ahout
$40 billion results., NFI is anticipated to de-
cline steadily betﬁeen 198G and 1985 as the dol-
lar value of imports to OPEC countries gradually
overtakes the dellar valuc of oil exports. By
1985 it is assumed that the 0il surplus will
disappear, -
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Tahle A-3

BUSINESS FIXED INVESTMENTt—HISTORICAL AND PRQIECTIONS TC 2000 )
{(Billions of Dollars)
Business Fixed
Investment
, Current Constant Deflator
Historical Dellars 1973 Dollars 1973 = 100
1967 3 88 S 106 . 7B.5
1968 895 - 110 81.1
1969 g9 116 85.0
1570 101 113 89.7
1971 106 111 95.1
1972 117 121 96.3
1973 137 137 100.0
1974 149 136 109.4
Average annual change
1967-1973 8.6% 4.3% 4.1%
Projections e
1975 187 142 118
~ 1980 273 181 151
1985 446 232 192
1950 686 280 245
1895 1,035 337 313
2000 1,623 407 399

Cumulative 1975-2000 17,413 6,775

*Business fixed investment is equivalent to nonresidential

fixed investment in the Survey of Current Business.

Sources: Historical data. Survey of Current Business,
National Income and Product, Table 1 {(various
issues) for current dellars; Tablc 16 for de-
flators. 1958 base year deflators were con-
verted Lo 1973 base year by dividing deflators
by the year 1973 deflator. Constant 1973 dollars
were obtained by dividing current dollars by the
deflators.

{continued)
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Table A-3 (concluded)

Projections, Current dollars were projected at an
;E;G;E-E;;;th rate of 10.3 percent for the period
1975-1985 and 9 percent from 1985-2000., Deflators
were projected using an average ratio (0,9588) of

business fixed investment deflators to GNP deflators
(1958 = 100) and converted to a 1973 base year, Con-
stant 1973 dollars were calculated by dividing cur-
rent dollars by the deflators,
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Table A-4

RESIDENTIAL CONSTRUCTIONf—HISTORICAL AND PROJECTIONS TO 2000
{Billians of Dollars)

Residential
. Construction
Current Constant Deflator
Historical ' Daltars 1973 Dollars 1973 = 100
1967 3 25 % 36 Q.7
1968 30 40 74.6
19689 ' 32 10 79.2
1970 31 39 80.4
1871 43 51 84, 2
1872 54 60 90.5
1973 a7 57 100.0
Average annual change
1967-1973 14.7% 8.3% 6.0%
Projections
19745 58 53 109
1980 88 63 139
1985 135 76 178
19580 205 90 227
1995 312 108 290
2000 475 129 370
Cumulative 1975-2000 5,223 2,224

*Residential construction is equivalent to residential struc-
tures fixed investment in the Survey of Current Business.

Sources: Historical. Current dellars are from Survey of
 Current Business, National Income and Product,
Table 1, various issues, Deflators (1958 = 100)
from Table 16 were converted to 1973 base year
and divided into current dollars to obtain con-
stant 1973 dollars.

{continued)
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Table A-4 (concluded)

Projections. Projections of constant prices were made
by taking an average ratio (0.0354) of residential
construciion (1958 prices) to GNP (1958 prices) for
the yecars 1967-1973 and multiplying by real GNP pro-
jections for 1975-2000, Deflators were piojected by
the same method {using average ratio of deflators)

and converted to a 1973 base year, Current dollars
were obtained by multiplying constant dellars by the
deflators. ’
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Table A-5 i

SELECTED USE3 OF FUNDS--HISTORICAL AND PROJECTIONS TO 2000
(Rillions of Curront Dollars)

Inventory Foderal Credit Agency State and
Higtorical Investment® Deficit Borrowing Loenl BurrowingT
1987 % 7.4 s12.7 5 8.2 $ 1.8
1968 7.3 5.2 7.7 1.3
1968 8.5 -9.2 (surplus) 8.6 0.6
1570 4.9 12.9 - =2_8 (surplus)
1971 2.4 21.7 - -4.8 {surplus)
1972 8.5 17,5 —- -12.3 (surplus}
1973 15.4 5.6 9.3 -9.2 {surplus)
Projections
19756 12 4 10 3
1980 18 4 10 3
1985 27 4 10 3
1990 41 4 135 5
1995 B3 4 135 5
2000 96 4 15 5
Cumulative 1875-2000 1,053 a1 335 103
*Inventory investmeni ig equivalent to change in business inventories in Lhe Survey of
Current Business.
& Tnventory investment
Sources: Historical., Survey of Currcnt Business, Notjonal Income and Product,
Table 1, various issues.
Projections. <Current dollars were projected by tazking an average ratio
(0.0076) of inventory investment to GNP for the period 1967-1973 and
multiplying by projected GNP in current dollars.
® Federal defielt
Sources: Historigal. Survey of Current Business, Kationzl Income and Product,
Tabkle 13, various issues.
Frojections. The Tederal deficit is agsumed to average azbout $3.5 billion
por year aver the 1975-2000 period the same a2s the average [or the nonwar
years of 1834-1563. This projection was used in the New York Stock Exchunge
study for the 1975-1985 period and is assumed to continue in the 19585-2000
periaod. It is importent te recognize that the $3.5 billion annual defieit
projected for 1975 is only an average over the 1375-2000 period. The actuzl
deficit in 1975 may be anywhere betwoen %50 and $80 billion because the
cconomy is curront in a reecession. However, parl of the 1975 deficit is
expected te be olfset in future yeéars by a government surplus when the
ceonomy is operating close ta full employment ogain.
{ continnog) o
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Table A-5 (concluded)

8 {(redit agency borrowing

Sourcesg: Historical. TFederal Rescrve Bulletin, Total New Issues table under Federally
Sponsored Credit Agenhcies, various issues,

Projections. Credit agency borrowing is taken from the New York Stoek Ex-
change study over the 1975-1385 period and extrapolated to year 2000,

# State and local borrowing

tstate and local borrowing ig seguivalent to state and local surplus or deficit in the
Survey of Current Business.

Sources: Histerical. Survey of Current Business, National Income and Product, Table 14,
various issues.

Projections. These projections are taken from the New York Stock Exchange
study far the 1873=1985 peried and extrapoclated to 2000.



Appendix B

PROJECTIONS OF CAPITAL INVESTMENT
IN THE OTL AND GAS INDUSTRY

The capital invesiments in the five categories of energy investment
shown in Table 8-3 were projected using the data through 1985 from Hass,

Stone and Mitchell in Financing the¢ Energy Industry (FEI) ,® and converted

into 1973 constant dollars using the deflator from Table A-3.

Table B-1

ENERGY INDUSTRY INVESTMENT FOR 1975, 1980,
AND 1985 FOR HG1
(Billions of Constant Dollars)

1970 Dollars 1973 Dollars
Energy Sector 1975 1880 1985 1975 1980 1985
Domestic petroleum and
nzatural gas produclicn
and refining, exclud-
itng chemical plants $12.0 $17.0 $22.0 313.4 $19.0 $24.5
Electri¢ utilities, in-
cluding nuclear _
capacity 18.6 26,8 37.6 20.7 28,9 41.9
Natural gas pipelines
and distribution 4.0 4.0 4.0 4.5 4.5 4.5
Coal production 1.5 1.5 1.5 1.7 1.7 1.7
Wuclear fuel production 0.0 1.4 1.4 Q.0 1.6 1.6
Totals $36.1 $50.7 $80.5 $40.3 $56.7 $74.2

{
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To obtain investment in the domestic petroleum industry without

synthetic fuels, it was assumed that energy output per dollar invested

is identical for conventional petroleum and synthetic fuels.

The ratio of energy output from conventional oil and gas, and syn-
thetic gas from coal (including cbﬁversion losses) to energy output from
conveniional c¢il and gas, and synthetic liguid fuels from coal and oil
shale from the HGl scenario {Table B-2) was used to scale down the in-
vestment in conventional oil and gas plus synthetic from FEI to exclude

_synthetic liguid fuels, Tt is assumed that the invcstment schedule from
FEI, Table 6-1, applied to the HGl scenario shown in Table B-2. The
resulting investment in 1973 constant dollars under HG1l for the domestice

petroleum industry fuel is:

1975 $13.4 billion
1980 18,2

1985 23.0

These projections are used for the HG1l projections through 1985
shown in Table 8-3. The investment requirements for HG1l through 2000
and the investment requirement for HG2 and HG3 shown in Table 8-3 and
for TF1 shown in Table 8~5 are generated by scaling the HG1 investment.
First, HG1 is extended to 2000 based on the ratio of energy output in
1990, 1995, and 2000 to energy output for 1985, TFor other scenarios,
the HG1 investment figure was scaled using the ratio of energy output
relative to the HGl energy output for the same category and year.
Table B-2 shows the energy outputs from the various energy investment
categories which are used for the sealing, Table B-3 gives the annual

investment requirements for the maximum credible implementation scenario.
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Table B=3

INVESTMENTIREQUIREMENTS FQR SYNTHETIC FUELS UNDER THE
MAXIMUM CREDIBLE IMPLEMENTATION SCENARIO

EBillions of

Year 1973 Dollars
1975 $0.0
1980 0.7
1985 : 2.6
1990 5.6
1595 7.2
2000 9.0
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Appendix C

PROJECTIONS OF CASH FLOW FOR
THE PETROLEUM AND GAS INDUSTRY

The following gives financial accounting relationships used to de-
rive cash fiow for the petroleum and gas industry, summarized from Hass,

Stone and Mitchell,® Appendix B and Table 3-4.

Agsets

TA(t) = TA(t-1) + ACA{t) + AQA(Y) + INV(t) - DEP(%)

where

t = year

TA{t) total asseis in year &,

ACA{t) = change in cash assets {CA(t)) from the previous year.
A0A(t) = change in other assets (OA(t)) from the previous year,
INV(t) = investment in year t.

DEP(t) = depreciation on total assets in vear t.

and
CA(t) =a TA(t) a = 0,32
DEP(t) = & TA(t-1) d = 0.064 _
DA(t) = o TA(t) & = 0.08
then )
TA(E) = (l-a-g-d) TA{(t-1) + INV{t)
1-a-¢
Tacr) o 254 TACE-D + INV(D)

0,60
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The base year taken was 1973, and total assets were derived from
total fixed assets given by Reference 4, excluding chemical plants and
pipelines, of $48.3 billion. The total assets for 1973 are therefore

%80 billion.

Total Financing

TF{t), total finanecing, is defined as

TF{t) = TA{t) - CL(t) - OL(%t)
where
CL(t) = current liabilities in year t,
OL(t) = other liabilities in year t.
and
CL{t) = c TAa{t), ¢ = 0.20
QLI{L) = o TA(L), g = 0.24
then

TF(t) = (l-c~p) TA(Y)

0,56 TA(L)

Cash Flow

Sources {(cash flow in) = uses {cash flow out)

Cash flow in = NIAT(t) + DEP(t) + net new borrowings

where
NIAT(t) = net income after taxes

New borrowings = net new debt financing issued
plus new equity financing {(all
common stock-assuming no pre-
ferred stock).

NIAT(t) = 0.10 TF(t)

assuming a 10% rate of return after
taxes on total financing
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DEP (t)

= 0.064 TA(t-1)

Cash flow out = INV(t) + DIV(i)

INV{t)

DIV {t)

DIV{(t)

ECS(t)

i}

L

Ui

annual investment

dividend payments on commop shareholder
equity

PO  ECS(t)
PO = dividend payout rate
= 0.50
equity share of the total finaneing
0.10 TF(t) -~ 0,08 DEBT(t)
DEBT = total debt financing in year t.

0.04 TF(t) (assumes a constant debt/equity
ratio).
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Table C-1
ANNUAL INVESTMENT SCHEDULE FOR HGL

(Billions of 1973 Dollars)

HGL . HG1
Year (no synthetic liquid fuels) {with MCIS synthetic¢c fuels)

1973 $ 9.8 $ 9.8
74 12.0 12.0
1975 13.0 13,0
76 14.0 14.2
77 15,0 15.3
78 16.0 16.5
79 17.0 17.6
1980 18.0 18.7
81 19,0 20.1
82 20.0 21.5
83 21.0 22.8
84 22.0 24.2
1985 23.0 25.6
86 23.4 26.6
87 23.8 27.6
8% 24.2 28.6
89 24.6 29.8
1990 25.0 30.6
91 25.6 31.4
92 26.2 32,4
93 26.8 33.4
94 27,4 34.3
1995 - 28.0 35.2
96 28.4 36.0
97 28.8 36.7
o8 29.2 37,5
99 29.6 38.2
2000 30.0 39.0

Sources: Table 8-3 and Table 6-8 (in Chapter 6),
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HG1 CASH FLOW--NO INFLATION

Table C-2

(Billions of 1973 Dollars)

Cash Flow In

Cash Flow Out

New Excess

Year NIAT(t) DEP(t) Borrowings INV (1) NIv{t) Funds
No Synthetic Fuels

1975 $ 5.9 $ 5.9 $3.6 313 $ 2.4
1980 9.6 10.1 2.1 18 3.8
1985 13.8 14.8 23 5.5 $ 0.1
1990 17.5 19.2 25 7.0 4.7
14985 20.6 22.8 28 3.2 7.2
2000 23.4 26,1 30 ‘9.3 10,2

With Maximum Croedible

1975 5.9 5.0
1880 5.9 10.3
1985 14.7 15.6
. 1990 19.7 21.4
1995 24 .4 26.9
2000 28.8 32.0

Implementation Scenario Synthetie Fucls
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‘Table C-3
HG1 CASH FLOW--5 PERCENT ANNUAL INFLATION

{Billionsg of Current Dollzars)

Cash Flow In Cash Flow Out
Year NIAT(t) DEP(t) New Borrowings INV DIv

No Synthetic Fuels

1975 $ 6.0 $ 6.0 $ 4.7 $14.3 $ 2.4
1980  11.6 11.7 6.6 25,3 1.6
1985 20.3 20.9 8.2 41.3 8.1
1990 31.6 33.3 5.0 57.3 12.6
1995 46,3 49,1 5.0 81,9 "~ 1B.5
2000 85,8 70.3 2,2 112 26.3

El

With Maximum Credible Implementation Scenario Synthetic Fuels

1975 6.0 6.0 4,7 14.3 2.4
1980 11,9 11.9 7.3 26.3 4.8
1985 21.7 22,1 10.9 48,0 8.7
1990 36.1 37.5 10,9 - 70.1 14.4
1995 55.8 58,7 10.8 103.0 22.3'
2000 82.4 87.4 9.2 146.0 33.0
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HG1 CASH FLO
(Billi

Cash

inble -1

W—-8 PERCENT ANNUAL INFLATION
ohs of Current Dollars)

Flow In Cash ¥Flow Out

Year NIAT(t) DEP{

t) New Borrowings INV DIV

1975 $ 6.1 $ 6
1980 . 13.0 12,
1985 25.7 25.
1990 45.4 46.
19835 76,0 78,
2000 123.4 128,

With Maximum Credible

1975 6.1 6.
1980 13.3 13.
1885 28,0 27,
1890 5212 52.
1995 02.2 84
2000 155.4 160,

No 8Synthetie Fuels

.0 $ 5.5 $ 15.2 $ 2.4
9 10.1 30.8 5.2
8 16.7 57.9 10.3
7 18.6 92.5 18.2
5 28.1 152.2 30.4
3 37.7 240 49.4

Implementation Scenarioc Synthetic Fuels

0 3.5 15.2 2.4
1 . 10.9 32,0 5.3
5 20,0 64.5 11.0
9 28.8 113 20.9
.3 41.8 191.4 36.8
1 57.9 311.5 62.2
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8==MARKET PENETRATION OF SYNTHETIC LTQUID FUELS-~
THE KEY ROLE OF THE DECISION-MAKING
PROCESS LEADING TD DFPLOYMENT

By Edward M. Dickson

A Introduction

For most new product offerings, the manufacturer is properly con-
cerned with obtaining an estimate of the share of the market that his
new product may capture. It would seem appropriale, therefore, to ask
what fraction of the consumer market gasoline produced from o0il shale,
for example, might ultimately capture. However, discussions with energy
industry experts* and stakehol@ersT have revealed that the guestion of
market penetration of the final consumer product is less fundamental to
the impact study than is the questinn of how and why decisions to deploy

synthetic liquid fuel production technologies will he made.

B. Synthetic Liquid Tuels and the Natural Petrcleum System

The nature of the synthetic fuel production processes and of the
existing fuel production and distribution infrﬁstructurc with which
synthetic fuels must mesh is at the root of this. Figure 3-1 shows a
simplified block representation of a synthetie fuels productionh process
and Figure 9-2 shows & simplified representation of the existing auto-

motive fuels productlon system, Two markets are invelved in both cases!

*Exxon Résearch and Engineering and Stanford Research Institute,.
tAtlantic Richfield, Shell 0il, Carter 0il (a subsidiary of Exxon),
Texaco, and Chase Manhattan Bank, _ —

342



COAL OR | CONVERSION OF ORE REF]E&% ESYI:::‘SET!C

- >  TO A SYNTHETIC -
O”gﬁSSLE OCRﬁDﬁ oIL CONSUMER PRODUCTS
. SUCH AS GASOLINE

FIGURE 9-1. SYNTHETIC LIQUID FUELS PRODUCTION SYSTEM

»| GASOLINE
CRUDE OIL .
{ONE SOURCE) [JeT FuEL
REFINING OF > KEROSENE)
CRUDE 0QiL | | CRUDE QIL TO A MIX R
(SECOND SQURCE}| | OF CONSUMER
PRODUCTS » FUEL OIL
CRUDE OIL -
{OTHER SOURCES) STHER
—~IPETROLEUM
PRODUCTS

-

FIGURE 9-2. NATURAL PETROLEUM PRODUCTS PRODUCTION SYSTEM

crude oils and refined products. The synthetic fuels and natural petrol-
eum fuels systems could be joined or could compete at either of the two

points,

If the two systems were to join in the market for refined products,
there could be two alternative market forms (not mutually exclusive):
(1) The synthetic gasoline could he sold separately through a

distinct distribution system in direct competition with
conventional gasoline,
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(2) The synthetic and conventional gasolincs could be mixed
together to be marketed and sold through the existing
distribution system.

Both alternatives allow the possibility of either new or estaplished cor-
porate entities, with no previous association with the altomotive fuels
market, making and selling synthctic gasoline. The jirst alternative
would rcguire creation of a new marketing network an; competitive pric-
ing of the product, Since it is expeéted that synthetic gasoline cannot
be made as cheaply as conventional gasoline,® this market will be diffi-
cult to enter competitively. The second alternative avoids the estab-
lishment of a new network and expenditures on agvertising, and allows
the product to be sold at the average price of all the inputs that are
blended together, rather than at the actual marginal price of the Sy -
thetiec gasoline. Of course, if the synthetic gasoline were to cost more
to produce than the conventional gasoline, there would be litfle enthu-
siasm'for using this cost averaging mechanism to créate a market for
synthetic gasoline. Nevertheless, provided that synthetic gasoline did
not cost too much more than conventional gasoline and that it was not
too large a share of.the total product to be marketed, the second alter-
native would offer this "roll-in" mechanism that could be employed if a
fallhaék proved necessary because of a poor business decision. However,
if the synthetic gasoline were produced by organizations outside the
existing natural petiroleum based industry, such synthetiec gasoline would
have to wholesale competitively with conventicnal gascline before exist-

ing oil companies could be expected to purchase it and absorb it in their

existing marketing system,

The first alternative, the competitive approach of a fully inte-
grated synthetic fuel company, is clearly the more risky course znd
because of the very strong position of existing oil companies in the

automotive fuels marketplace there has been apparently no serious
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contemplation of this approach of potential corporate producers outside
this existing industry. Indeed, for excellent reasons that are rooted
in the chemical engineering of the processes, even the second alterna-
tive, the-comsumer product blending approach, has not been taken seri-
6usly even by those corporations* gxpressing interest in synthetic

liquid fuels. ¢

The product mix shown as a single refinery output in Figure 9-2
results not simply from the consumer demand for diverse,prodﬂcts, but
also from the nature of erude oil and the chemistry and engineering
asaociated with its processing. Crude oil consists of a mixture of
hydrocarbon molecules that cover a wide range of physical and chemical
properties. The first step in refining is the distillation of the oil
into its various components (fractions). Some of these are processed
fairly directly into consumer producis while other components that are
present in quantities that exceed their market demand are chemically
altered into products that are in more demand. Although it would be
possible to convert crude oil entirely into a gasoliﬁe product, this
would entail so much chgmical reforming that it would be c¢conomically
prohiﬁitive as well as costly ih terms of process energy (largely sup-
plied from the petroléum stream itself), Consequently, it is standard
practice to design modern, large refineries so that they can be tuned

to vield an optimal product mix for any {sensible) blend of crude inputs.T

Because it is standard for refineries to accept and utilize a blend
of crude inputs and the natural intermediate output of a synthetic ligquid

fuels plant is a synthetic crude oil rather than refined product, the

*Buch as a large chemical company.
t8ome old, small refineries do, however, accept crude from a single
field. These represent an historical artifact,
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the corporate interests and governmental research elements involved in
gynthetic liguid fuels development have emphasized jolning the synthetic
liquid fuels and the existing fuels system at the synthetiec crude node
rather than at the synthetice consumer product node. The natural indus-
try approach to synthetic liquid fuels is to produce a synthetic'crudc
and te add that product to the pool of all available crudes. Thus, the
key market is not the consumer market but is the intra-industry market

for crude o0il,

Once this mixture occurs, of course, it is extremely unlikely that,
on an atom-to-atom basis, the ecarbon derived from ecither the fossil coal
or oil shale deposits would zetually all be consumed in the form of
automotive fuel. Inslead, as in a game of musical chairs, a carhon atom
previously destined to become Fuel oil might end up as kerosene, while
an atom previously headed for kerosene might end up 25 gasoline, and the
atom from the coal or oil shale might end up as fuel oil. Thus, whether
the coal or oil shale is made streight into gasoliﬁe or into a synerude
that is blended with ratural crudes, the net result is the same: Devel-
opment of coal or vil shale resources has resulted in gasoline being
made available, In either event, the consumer would be no more aware
that any given purchase of gasoline came from coal or oil shale than he
is now aware whether his gasoline came from domestic or foreign crude,

or from a particular oil field.

Depiclion of the series of synthétic fuels product events as a
single chain from eoal to gascline is a useful heuristic device to dem-
onstrate that coal or oil shale could provide energy for automotive usés,
but this device does not reflect reality adegualely to serve as a basis
for impact analysis. Through discussion with people well informed about
the petroleum industry and wilh energy industry stakeholders, the SRI
study team has verified that the key element 15 the process by which

decisions will be made to produce synthetic crudes. Once these decisions
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are made, synthetic crude will become available for blending into the
pool of total crude and this, in turn, will facilitate the production of
automotive fuels, A key element in the deecision to deploy synthetic
liquid fuels techhnology will be the decision maker's perception of the
risks of synthetic crude production compared with his perception oi the
risks of alternative investments in conventional ecrude exploration and
produciion. Moreover, both of these éltérnatives will be comparsed to

investment opportunities outside the fuels arena.

The petroleum business is inherently very complex, but myriad gov-
ernmental regulations make it even more complex. Nevertheless, the
analysis below captures the essential features, although not the nuances,
of the decision-making process concerning synthetic liguid fuels, Cor-
porate stakeholders have verified that the major thrust of the descrip-

tion is correct.

C. Common Migzconceptions About the Petroleum Industry

Eefore the decision-making process can be discussed properly, it is
essential to dispose of some commonly held misconceptions about the oil

industry.

First, there 1s no single EEEEE for erude ©vil. There are many
socurces of cerude 0il, cach possessing different chemical and physical
properties--some more highly valued than others. For example, some o0ils
are rich in the less viscous hydrocarbons and are called "light,” while
others are rich in more viscous hydrocarbons (such as asphalt or bitumen)
and are termed "heavy;" some oils have iaw sulfur content (less than 1
percent) and are called ""sweet,” while others with higher sulfur content
are called "sour.” In general, American refiners prefer the light,
sweet crudes because these can most easily and economically be used to

produce the mix of products desired by American consumers; their use
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also permits environmental standards to be met most readily. Conse-
quently, there are price difierentials for crude oils of different qual-
ities; at the extreme, these variations approach 32 per barrel ($12/m)
The common practice of referring to the market EEEES of erude o0il is
merely a shorthand for speaking of a representative price of a major

crude oil or of the government controlled price of domestic crude.

Second, there is no single cost of producting natural crude oil.
Since there are many wells (some 500,000 in the United States at the end
of 1973} in many different fields at different stages of depletion, pro-
ducing oils of ﬁany different qualities, reccovery costs are highly vari-
able. Some fields are self-pressured and the oil flows to the surface
naturally, while some wells require pumping. Wells that produce less
than 10 B/D (1.6 m®/D) are termed 'stripper wells." 1In 1973, nearly
14,000 stripper wells became uneconomic to operate and were closed down:
the size of this number shows that many stripper wells are on the verge
of being phased out at any given time. Many wells are very old but still
producing; for these, the exploration and development costs have been
fully written off long ago so only operating costs are now!pertinent.
Clearly, therefore, the costs of producing crude oil vary widely, and

thus 30 does oil well profitability,

Third, the market for crude oil is far from a "free market,” owing
to the cartel of the Organization of Petroleum Exporting Countries (OPEC)
3]

and complicated federal government price controls.! For example, ''old

0il comes both from new wells and from increased production from old

*¥The raw oil shale and coal syncrudes can be upgraded to superb quality
(sweet and light) and, therefore, could command a premium price over
mosl natural ecrudes.
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wells,* and can be sold a2t whatever the market will bhear. There is also
"veleased' oil, that is, old oil that has been reclassified as new in
accord with a government explovration incentive that allows reclassifica-
tion of one barrel of old oil for each barrel of new oll produced.
Stripper wells are exempt from the "o0ld" classification. The complex
price structure is further complicated by an "entitlements” program by
vhich the federal government guarantees to all refiners the eguivalent
of an equal percentage access  to low price old oil, Conpanles with
ownership or contract rights to old oil in exeess of the industry aver-
age must purchase entitlementslfrom companies with less old nil than the
average. By this strategem, the government secks to sprcad the blow of
the surddenly higher cost of imported c¢il cover all petroleum companies.
These governmental interventions were Lemporary expedients stimulated

by the Arab oil embargo; they are subject to change at any time.

B, Example of the Decision-Making Proccss

The recent rise in world oil prices caused by the strong position
of the OPEC cartel is an excellent example of the deciéinnwmaking'proc—
ess concerning synthetic crude. The description that follows is simpli-
fied; in particular, the extreme complications caused by U.S. o0il price
regulations and the entitlements program are suppressed in the interest
of providing a readily intelliéible picture of the decision-making

process,

Figure 9-3 is a snapshot in time that shows a hypotheticalf curve

depicting the specfrum of natural crude oil production coste, relative

*Relative to the pertinent monthly reference period in 1972 for each pro-
ducing properly.

+The shape of the curve and the breadth do not represent actual data,
Such data is proprietary to the producer and therefore not available to
this study.
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to the average market price, Pg, for crude oil. The portion just to the
left of Py is largely composed of stripper wells., Whenever the pertinent
costs of a pariicular well rise above P,, that well is shut down. During
the lifetime of a well, or ensemblc of wells, producing from a particular
field, the tendency 1s for the costs to be at the leftward end of the
spectrum when the well or field is young and progressively shift to the
right as production rate declines with increasing depletion until finally
the wells enter the category of stripper wells, Figure 9-3 also shows
how a hypothetical, newly producing commercial-setale synerude plant would
have looked to a decision maker in early_1973. At that time there was

no actual producing syncrude plant, but if there had been, it would have
represented the technology at.1965, when its design would have begﬁn.

In early 1973, the best estimates for the syncrude plant showed that pro-
duction would cost considerably more than the going ¢rude oil market
price, and, hence, the plant would have lost money. In 1873, tﬁen, it
was apparent that petroleum companieslhad made the correct decision years

earlier when they chose not to build synerude plants.

Figure 9-4 shows how, in early 1973, the same decision ma#er woula
have perceived a syncrude préject begun that year but nct scheduied to
produce crude until 1930. Thus, the curves represent his perception of
the state of affairs that would pertain in 1980, TFirst, the conventional
crude production spectrum would have narréwed somewhat as the easier-fo-
find-and-produce conventional crudés were depleted, thereby eliminating
the lowest cost crudes (at the farthest left portion of the production
spectrum). The price, Py, was left essentially unchanged, because the
weight of the historical evidence favored basically a stable price ex-
pectation for crude oil. Although the production cost for syncrude is
shown to be slightly lower than in Figure 9-3 (because there would have

been some improvement in technology), the costs were still expécted to
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exceed the market price in 1980: consequently, in early 1973 the deci- S

sion still would have been not fo build a synerude plant.

Figure 9-5 represents the same decision maker's perception of 1985--
still ffbm his vdntage point in 1973. All the trends described for Fig-
ure 9-4 continued and this led to ar expectation that therc might be a
slight price increase in crude (tﬁ Pl), reflecting Lhe increased diffi-
éulty of providing the suppiy. Nevertheless, a syncrude plant scheduled

to begin production in 1985 still looked like a poor investment,

Then, however, OPEC initiated a series of stunning pricé increases
for erude oil, which opened an unprecedented gap between the then-
operational production spectrum and the new crude cil market price, P,.
This event is shown in Figure 9-6, which shows that from a late 1973
vantage point it suddenly looked as 1f the hypothetical syncrude plant
of Figurce 9-3 {producing in 1973) would then be profitable if only it
had been.built. The sudden price increase, however, also meant that | T,
many couventional crude production possibilities, which had previously \
been unprofitable, would now alsoc be profitable if only they were in
operation. In fact, any activity and activities in ‘the range of produc-
tion costs between P, and P, now could be taken seriously as profitable
investﬁent opportunities. Thus, during the initial period following the
OPEC price rises, the price rise stimulated interest in many naw sources
of crude oil--including synthetics aﬁd advanced recovery techniques from

0ld ficlds.

Often, alternatives that seem very unattractive afier only a coarse
analysis are set aside without performing a more costly, more‘refined
analysis, This was largely true of the analysis of synthetic crude
plants. As shown in Figure 9-7, betﬁ;en late 1972 and mid-1974, when

the possible syncrude investment option was examined more c¢losely, cost

estimates were revised upwards, and once again it appeared that a syncrude
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investment would be only marginally profitable. This conclusion was
enhanced by the prospect that the OPEC price would mot hold at P, and
would shift downward somewhat, td at least P,. Thus, within the spec-
trum of new options lying in the range P, to Pp, syncrude seemed to be
one of the costlier crudes to produce and therefore one of the least
profitable. Moreover, there seemed to be many conventional crude ex-
ploration and production opportunitles that could still be undertaken
that would be more profitable than production of syncrude. Indeed, even
some previously shut down stripper wells could justifiably be returned
to operational status. Moreover, many difficult conventional crude
production activities such as deep offshore, arctic offshore, and ter-

{tiary recovery might all prove profitable.

By late 1974 and early 1975, reevaluation of the expectations of
the future and the costs of options had improved further. Figure 9-8
indicates how the same decision maker generally thought the situation
would appear in 1883, First, the syncrude plant was found to produce
an even {slightly) more costly product than last thought, and conviction
that the CPEC price would fall to P, grew stronger. Thus, once again,
syncrude looked like it would lose money. In addition, the convietion
that much more conventional crude could be produced at costs between P,
to P, led to rekindled interest in extensions of the conventional ap-
proach te oil production and away from the temporary, but heady, enthu-
siasm for syncrudes, Important to this rekindled interest was the fact
that the decision ﬁaker felt more comfortable with the historieal con-
ventionatl gpproach than he did ﬁith the syncrude approach to obfaining

his =zupplies of crude,

It must be emphasized that the above analysis concerns commercial
scale plants, not demonstration or pilot plants, and not research and
development activities. All of these activities are in progress and

will continue in spite of unfavorable expectations for commercial plants.
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Indeed, there may be so much publicity given to pilot or demanstration
plants built to further the research and development efforts that the
public could easily leap to the premature conclusion that the day of
synthetic fuels had dawned. The tempe of research and development ac-
tivity will, of course, he modulated by the decision maker's expeccta-

tion of when synthetic fuels will he competitive with future alternatives.

E. Comparison of the Risks

Besides a straightforward (although difficult to calculate) compari-
son of the relative brofitability of alfernative ways to gain new ecrude
supplies based on the pertinent costs of production and markel price,
other factors enter into the decision-making prdcess. Foremonst among

these is the risk involved.

Building a synthetic crude plant, although.it requires much capital
and complex engineéring, carries very little risk concerning the ultimate
existence of the product. In that respect the risk is very much like an
oil refinery or a chemical plant where the major risk is the likelihaod
of a misestimate of the cost of the feedstock and of making the product,
not the aclual existence of the product. Thus, a synthetic erude plant
very much ;esembles many other manufacturing type activities. Basically,
there is a single decision to "go ahead” and there are no major inter-

mediate decision exit points between the start and the finish.

Exploring and developing oil resources, by contrast, involves risks
of a completely different nature, and there are several c¢rucial inter-
mediate decision exit points between the initial exploration go=-ahead
and the actual production of oil. First, there are geological explora-
tions to determine formations likely to contain commercially significant
accuriulations of o0il and gas. Second, based on these geological data,

there are decisions to be made about wheiher and where to drill. Third,
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pased on the findings of the exploration wells, there are decisions to
be made about whether the discoveries (if any) are sufficiently large to
justify drilling of production wells. At each decision-making juncture
_there are risks associated with proceeding to the next juneture, but it
is important that there be a series of exit points should the project

begin to look unfavorable.

The salient feature of the synthetic crude plant risk" is the un-
certainty in production costs, while the major risk* in oil exploration
investments is the actual presence of the oil. As conventional produe-
fion shifts increasingly to ofishore areas and distant, unfamiliar, hos-
tile environments (e.g., Alaska, or deep waters of the outer continental
-shelf), experience on which decision makers can base thelr estimates of
the inherent risks diminishes. Ultimately, rational investors will
decide that the risks ot oil exploration exceed the risks of synthetic
fuels production-—-but today there is much disagreement over when syn-

thetic fuels will become commercially competitive.

In 2 very real sense, the world has just embarked on an oil explo-
ration experiment. Never before has there been such a large sudden jump
in the market price of crude cil. As a result, there is ne historical
experience to show how much additional oil can really be located and
produced under thé stimulus of such an incentive., By 1980 the indica-

tions will be strong and by 1385 the results of this experiment will be

#The comparison of risks on just the basis of ¢rude production is incom-
plete because much of the nmatural gas used in the United States is found
associated with oil, thus there is a hyproduct credit involved; simi-
larly synthetic crude plants also produce byproducts with value such as
gas (which may however he consumed internally to power the plant), sul-
fur, apnd ammonia.
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known. The success rate of finding and producing new oll wiil have a
profound effect on decision makers concerned with synthetic crude be-
cause, as shown in Figurecs 9-3 to 9-8, their perception of the future
of conventional petroleum.strongly affeets their perception of the need

and profitability of synthetic fucls.

Besides risks associated with the nature of the fuel production
methods themselves, there are substantial uncertainties about the in-
stitutional setting. . In particular, corporate interests in the petrol-
eum business translate uncertainties about governmental policies into
risks. Examples of uncertainties affecting the decision—making process

and the sphere of influence include:

Federal Goveroment

® Domestic and international actions to establish & stable
crude cil market price.

& Tuture domestic 0il price regulations.

® Environmental regulations on extraction of eoal hy strip
miniog, o0il shale refuse disposal, and production of oil
from vffshore leases,

® Resource leasing policies.

® Environmental restrictions that affect direct burning of
coal and 0il (mainly control of sulfur compound emissions).

8 DPolicies concerning the degree of energy independence to
be achieved.

& DPolicies affecting the development of alternative energy
technologies.*

*Since oil is the "swing fuel,” or the one that has historically taken
up the slack in the availability of other energy forms, the role of oil
is especially sensitive to the total national encrgy mix, or interfuel
balance.
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® Rate of inflation.*

¢ 3tability of governmentzl policies and regulations.

State Governments

® Growth policies,

¢ Water allocation policies in the energy resource-rich
portion of the West, '

¢ Environmental restrictions on development.

# GStability of state policies.

Foreign Governments : v

¢ Stability of foreign ownership rights, export policies,
and taxes.

@ QPEC price-setting actions.

Perhaps the most crucial risk element--recurring over and over
again in disecussions with synthetic fuels corporate stakeholders--was

%  When there is expecta-

the one of stability of governmental policies.
tion that policies will be stable, even when the policies are unfavor-
able to the stakeholder and greatly restrict their freedom of action,

there is a feeling that the investment decisiong can be made with a

tolerablé degree of risk.

*Rapid inflation increases risks of investment in capital intensive
projects for several reasons: First, the cohntinuval escalation of costs
during construction diminishes the purchasing power of the initial fi-
nancing. Second, because depreciation is based on the initial (book)
value of the plant hut the depreciation tax deductions are always in
current dollars, the capital actually recovered fails to meet the true
replacement costs. '
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F. Comparison of Economie Risk

The investmcnt-in synthetic crude oil plants is very large-~of the
order of $0.5 to 1 billion (in 1973 dollars) [or 2 production of 100,000
B/D (16,000 m®*/D). The size of this investment can be compared to the
net worth of the corporations that might make the investment and the

size of alternative crude production investments,

Data obtained from a standard'financial reference® concerning oil
company assets are shown in Table 9-1, A decision to invest $0.5 to 1
biilion in a synthetic erude plant is a very grave event for cven the
largest companies. For example, such an investment would amount to
some 4 to 7 percent of Exxon's net worth in 1973, and 25 to 30 percent
of Phillips’ net woxrth in 1973, To contemplate having such 2 large
fraction of their shFreholders equity riding on such a risky single
project is especially sobering to the smaller companies, and not taken

lightly by the large ones either.

Table 9-1

ASSETS OF"SELECTED MAJOR OILICOMPANIES, DEC.. 31, 1973
(Billions of Dollars)

Company Gross Assets Net Worth
Exxon 25.1 13.7
Gulf 10.1 5.6
Mobil 10.7 5.7
Phillips 3.6 2.0
Shell 5,4 3.1
Standard of California 5.1 5.8
Standard of Indiana 7.0 4.1
Standard of Ohio 2.0 1.1
Sun Qil 3.4 1.9
Texaco - 13.6 B.O
Atlantie Richficld 5.1 3.1

Source; Reference 4.
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By contrast, the investment in individual exploration and develop-
ment projects for couventional crude oil, although considerable, is not
as large. Moreover, the step-by-step decigion process allows several
exit points. For example, a 3-company consortium obtained ofishore
drilling rights in & contiguous tracts off the Florida Panhandle. On
the basis of geophysical exploration by many companies, this region had
been expected to be a large producer of oil. . The $632 million cost® of
rights to explore this so-called Destin Anticline ig summarized in Ta-
ble 9-2., This bid is about 10 times as large as the usual successful
lease bid. Exxon is reported to have spent $l5.million drilling 7 dry
holes.®'7 Other companies, drilling in the vieinity, have also failed
to strike meaningful accunmulations of o0il. The comscrtium has surrend-
ered the leases atd will have to write off a $632 million leasc bid.”
This example illustrates that while 0il exploration is costly and carries
the risk of complete failure, the initial stakes of even an extreme ex-

ample are not as high as with synthetic crudes,

Table 9-2

OFFSHORE LEASES IN THE DESTIN AREA OFP
FLORIDA'S PANHANDLE
{(Millions of Dollars)

Company Share
Exxon 311
Mobile 211
Champlin 111

Total® 632

*Total does not add because of rounding.

Source: Reference 5.
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It is noteworthy that for large contemporary conventional crude ac-
tivities, such as the Destin venture, companies find it prudent to spread
the risk by forming consortia, The same approach has been applied to the
development of the tar sands rescurce in Canada and to the development of
0il shale technology and oil shale lease bids (Table 9-3). Besides
spreading the risk, this group approach allows the smaller oil companies
to participate, Naturally, however, the participation of several com-
panies complicates the decision-making process because they do not possess
common perceptions of the future -and the risk to each diifers in propor-
tion to their total assets, However, coal lsases are not, generally,
being acquired by cons&rtia, apparently because, unlike oil shale, there
are many alternative uses of coal besides liquid fuels, and, Lherefore,

the risks are much smaller,

If the disappointing Destin exploration experience in the eastern
Gulf of Mexico should be repeated in other frontier offshore areas--where
much of the future domestic ©il is expected to originate--corporate de-
cision makers will reevaluate the relative attractiveness of the gamble
on conventional exploration compared to synthetic crude production.
This would result from their reevaluating the expected marginal cost of
new conventional crude and its effect on the market price. Added to the
comparison between the future of domestic crude discovery and production
and synthetic fuels is the future of foreign activity in conventional
crude. Most oil .companies feel that worldwide there is still much oil
to be developed, but after recent experiences with nationalization they
must weigh the risk of foreign investment against those of domestic in-
vestment--including synthetie ¢rude. Companies now generally insist on
higher rates of return in foreign countries where political instabilities

threaten their investments.

Foreign governments affect the decisions of U.S. oil companies in

another important way. As Figure 9-8 showed, any aetivity that could
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Table 9-3

GROUP PARTICIPATION IN OIL SHALE
ILEASES AND VENTURES

Share
Qil Shale Leases (percent)
Colorado-a
Gulf 50
Standard of Indiana 50
Colorado-b
Atlamtic Richfield 25
TOSCO 25
Ashland 25
Shell 25
Utah-a™
Phillips 50
Sun 50
Utah-b*
White River 0il Shale
Sun 33
Phillips 33
Standard 0il of OChio 33
Colony Development (as of
July 1974)
Atlantic-Richfield (ARCQ) 25
Shell 25
TOSCO 25
Ashland . 25

*To be operated Jointly.

produce a crude ai a cnst between P; and P, would prove profitable. Yet,
if companies commit investment capital to these activities they run the
risk of OPEC cutting the price of their oil, thereby pulling the rug out

from under the investments that produce crudce at a cost above the new
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price. The fear of this possibility inhibits investments in synthetic

crudes.

G, The Decision-Making Climate for Synthetic Ligquid Fuclsg

Published information and our discussions with corporate stake-
holders revealed that today the indicated poor profitability (even loss)
of synthetie crudes, coupled with guarded optimism about the success of
redoubled efforts to find new reserves of conventional crude, tip the
scales against deployment of commercial synthetic crude production fa-
cilities. The outlook for decisions heing made to go ahead with syn-
thetie¢ liquid fuels is very poor without either direct risk mitigation
or indirect risk mitigation through the stabilization of policy and, most
probably, some concomitant--direct or indirect--cconomic subsidy.2 A
high level of synthetic liguid fuels production will probably not be
attainable without the creation of strong inecentives; with a governmen-
tal hands-off ﬁolicy, it is most likely that hardly any synthetic ligquid

fuels will be produced in this century.
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