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- Economic;.

Asgécts._' of a Nuclear Desalination Agro-Industnal
~ Project in the United Arab Repubijic* =~ -

DUANE CHAPMAN

':fhé ‘pu.rposb of the study is to invertigate the financial feasibility and social benefits and cbsts, .

of nuclear desalination agro-industrial projects.

As presently designed, such a complex appears

- to require deficit financing, provide litttle employment, retard national income growth com. . = -
pared to other investment opportunities, and increase the foreign exchange deficit. '

pirical study of nuclear desalination agro-

industrial projects. In recent years the
possibility of desalting sea water to produce ir-
rigation water for large-scale commercial agri-
culture and industry has attracted wide atten-
tion as a means of stimulating cooperation and
economic development in the Middle East.
Eisenhowsr supported the possibility [6], and

I‘Iﬂms pajer reports the results of an em-

it has received varying degrees of attention in -

the Committee on Foreign Affairs of the House
of Representatives [19] and the Committee on
Foreign Relations of the United States Senate
[20].

Previous studies have offered contradictory
opinions on the economic feasibility of such
projects. Fried and Edlund believe that it is
technically and economically feasible to convert
coastal desert land in Egypt into highly pro-
ductive agricultural land through a large-scale
desalting program (7, p. 84]. An opposing
point of view held by Clawson et al. is that
such proposals are not economically practical
and in fact are “a distinct disservice to the
people of the region” (5, p. 116].

Conceptual Approach

This study employs financial feasibility and
national income benefit analysis.! The financial

* A lengthier version of this paper was presented at a
seminar of the International Center for Marine Resources
Development at the University of Rhode Island on April
12, 1972. Thanks go to C. C. Burwell, Naiem Sherbiny,
John Moyers, Roger Woodworth, and other members of the
Middle East Study Group at the Oak Ridge National
Laboratory for their dedication and cooperation. Robert
Kalter, Timothy Mount, Gavan Butler, the reviewers, and
an editor are thanked for their comments, as is Jeanne M.
Ostro for her assistance. This paper reports on research
undertaken at the Oak Ridge National Laboratory through
the support of the Agency for International Development
and the Atomic Energy Commission and the Unjon Carbide
Corporation. The research had been classified from 1970
until April 1972. Views expressed here are solely those of
the author.

! There is much current interest in other project evalua-

DUANE CHAPMAN is assistant professor of resource eco-
tiomics at Cornell University.

analysis determines project investment and
operating costs, revenues, cash flows, and
profitability with likely market prices and
government policies. The benefit-cost analysis
examines the effect of the project on macro-
economic goals such as employment, foreign
trade, capital scarcity, and national income.

El-Hamman, 30 miles west of Alexandria,
was selected as a potential project site because
of its soil characteristics, present unsettled
status, and nearness to market and port
facilities. Project design was carried forward in
three simultaneous phases: (1) selection of agri-
cultural and livestock commodities for maxi-
mum profit from use of project water; (2)
examination for maximum profit of industries—
such as steel, aluminum, elemental phosphorus,
nnd ammonia—that have electric-intensive
production processes; and industries—such as
solar salt, caustic chlorine, magnesium, nitro-
genous and potassic fertilizers, and bromine—
that use seawater; (3) engineering examination
of 500 megawatt electric power plants (both
oil fired and nuclear) operated in association
with 100 or 200 MGD (million gallons per day)
desalination plants to determine least costly
methods of production. The 200 MGD nuclear
facility was selected for detailed analysis. Goal
functions employed in the analysis are separ-
able (and probably strongly so) into these three
groups. Within the context of the indicated
commodities and production processes, it is
unlikely that the results of an attempt at overall
optimal design would have been significantly
different from those of the separate optimiza-
tions outlined here.

Financial Analysis

Initial investment costs total $400 million
(see Table 1) and are invested over a seven
year construction period. Annual production,

tion criteria such as regional development, environmental
quality, and income distribution, Given the analysis here,
these criteria are clearly moot in this particular case,

4333‘ ,
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: Table 10 Initiel investment cost; 1969 price" M

' " Domestic * Foreign '’
- Ttem currency currency Total
S eaees -~ million dollars ------'--- /
Nuclear etenm supply L . ¥
systetu © 9506 63,8 1 8D)S
Electrical plant © 24140 0 6LLS - .85.9:
Evaporator plant ... ... +17:0:. ' 86.0 103.0
.Chemical facﬂm&s : ».;5.‘32 2. -, 21.6 53.8
Farm 51.4 8.0 59.4
Working capital 31 05 3.6
" Total 1537, M5 395.2
* Source: 4]

revenues, a.nd costs of agncultural and indus-
trial commodities are shown in Table 2.

Yield estimates are based upon specific as-
sumptlons of crop variety, soil, climate, water
use, and cultivation techmques They are gen-
erally higher than recent UAR (United Arab
Republic) and Israeli yields and lower than
current record yields. Mechanization is “inter-
mediate” between that in the U, S. and the
UAR. Price estimates were generally at UAR
levels, with reductions made for crops such as
cotton and grapefruit with anticipated future
world price reductions.

Am. ’[ Agr. Econ.

.,Receipte and operating costs for
representative year, 1969 prices

Domestic Foreign

curency currency Lot

- l‘nrmproducts 5 7. '38.6
"'Chemicals ' - 6.1 1.2 -13.3
Elcctrimty 19.9 -0 19.9

TowlRecsipts 5.5 14.8° .8
‘ Operatmg costs' 1
Nuclecr steam eupply e T
system 0.5 , 0.5" - 1.0
Electrical plant 0.3 0.3 0.6
Nuclear fuel 0 .. 66" -6.6
Evaporator plant 0.7 0.7 . 1.4
Chemical facilities 1.4 0.5 - 19
Farm 16.2 1241 : 18,3 -
Total operating costs  19.1 107 '~ 29.8
Net receipts 38.4 . 3.6 4.0
Source (4}

% Includes replacement investment cost.

Most industrial products cited above were
rejected because of distance from raw material
sources and/or markets _Table, 3 _shows, re-

Table 2. Selected production characteristics of UAR agro-industriai complex design with full

capacity production and 1969 prices

* Includea corn and wheat grown for feed,

b Included in milk production cost.

¢ Tncluded in egg production cost. »
4 Included ln crude salt productlon cost, o

) : . Annual . Annual Direct ennual
* Commodity "};':l?e sr}réfvi production revenue
o : © (1000 cwt) - - ($1000) (31000)
* Wheat 6,000 3 1,411 4,234 1,183
- Corn ' 9,000 2.2 119 261, 847'
. Raw cotton 3,000 10 ¢ 463 f 4,632 1,545
“Peanuts 3,800 7. .- 462 3,237 .1 180
Oranges 44,000 3 440, 1,320 512
"Bron beans . 3,420 o 8§ 1i855° ¢ 4,275 1,650
v&nng potatoes 43,200 1.5 - 3,025 4,536 2 1350
ter potatocs 27,000 2 ) ~210 - : 540
Tomatoes 52,000 1,27 ~520 :
Onions 33,200 -1.9: 1,992
Cantaloupes 18,000 4S8 C 90
Milk — 5 1,080
Cull cows - -+ $188 ea 1,980 ea
Calves L— - $.15.ea 5,300 ea
ngs — .. $0.35/doz 5.4 mil doz
Cull hens - - $0.54 ea 0,25 mil
Broilers — 19.5 147
Electricity c— 5.8 mills 3. 43 bill
per KWH WH .
Crude sal -— 0.125 31,600
Refined -—_ 1.0 6 §70
Caustic - 3.0 « 940,_,
Source: '4]
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ceipts'and operatingcosts for a representative
year of full productiont = -~ v
' These costs and revenues are included in the
first six columns in the cash flow summary of
Table 4.8 Capital investment is naturally con-
centrated 'in the eaily years, but replacement
investment occurs throughout the life of the
project. Most notable is the foreign currency
investment of $16 million each in 1992 and
1993 for replacement evaporators in the de-
salination plant. At the end of the production
period in 2007, the farm has - resale value of
$19 million. Also of interest is the salvage of
nuclear fuel, which returns $2-3 million each
year from 2008 through 2011. Operating costs

are relatively constant over time. Fourteen:

years are necessary for agricultural output to
reach full production, but electricity and chemi-
cals are assumed to be produced at capacity
levels in the first year of operation in 1978 and
thereafter. N

Domestic taxes might be applied to profit,
gross receipts, value added, or property. In the
first repayment analysis, the Guide Jor Eco-
nomic Evaluation of Ni:clear Reactor Plant De-
signs [13, pp. 2-5] is followed. Annual tax is
computed at 4.88 percent of the value of invest-
ment capital (column 7). The tax assumption
varies in subsequent analyses.

Price controls have limited inflation in the
UAR. From 1959 to 1969 the consumer price
index increased 2.9 percent per year [21]. This
was assumed to be valid for all domestic project
costs and revenues and foreign operating costs
and revenues and is the basis for the price
index in column 8. The Bechtel Corporation
estimated that capital costs for the project
would increase 8 percent per year indefinitely
(1, pp. 11-12]. It is assumed here that foreign
capital costs increase 8 percent per year through
the construction period and that the rate of
increase slows 0.5 percent per year until it
reaches the 2.9 percent per vear domestic
inflation rate (column 9).

Price indices are utilized to define the actual
net expenditures or income in columns 10 and
11. The tables indicate cost and revenue esti-

* The agricultural analysis summarized hcre was pre-
pared by R. C. Woodworth, T. Tamura, and C. M, Farmer
[24]. The industrial products anglysis was prepared by
H. E. Goeller, the Union Carbide Corporation, and J. C.
Moyers [8]. _

3 Table 4 presents in summary form every fifth year of a
" complete cash flow which estimates cach ftem in Tables
1-3 for each year, 1971 to 2011 [4].

S summary with original assumptions, 1971~-2011

analysi

Repayment

Table 4.
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(15)

Foreign -

() r  debt ()or-

) surplus (4)

send atyear'send
(14)
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Domestic Foreign
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earnings (++)  earninzs (++)  surplus
es(~) or es(—) at
(12) 13)

or

tual net
foreign
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()]
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index
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Source: [4].
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“mates for domestic UAR currency and foreign
(primarily U. S.) currency. The bulk of initial
investment is in foreign currency, while net
- receiptr. are essentially in domestic currency. It
is reasonable to assume that foreign horrowing,
purchases, and sales would be undertaken
through accounts distinct from domestic ac-
counts, Traditional foreign lenders such as

. commercial consortia, international banks and
development funds, and foreign governments
are conceivable investors. The exchange rate of
$2.30=LE existing in 1970 was probably too
high; the UAR has a large recurring balaiice
of payments deficit. It is here assumed that
domestic earnings might retire foreign debt
at a ratio of 0.87 to 1 (i.e., an exchange rate of
$2.00=LEE). After discussions with financial
experts in UAR development financing, a §
percent rate was selected as a possibie annual
interest charge on foreign and domestic invest-
ment.4

Accounts open in 1971 when design work is
assumed to begin on the nuclear power,
evaporator, and chemical facilities. Accounts
close at the end of 2011 when the last of the
unused reactor fuel will have been sold. All
foreign earnings are applied to the foreign
account. Becaus: of the foreign exchange
problem, domestic earnings are first used to

4 Official exchange rate as of August 1, 1972 was $2.35
=LE. This reflects both the absence of a UAR devaluation
and the recent U. S. devaluation, The approach here and
in the benefit-cost analysis following is analogous to the
shadow exchange rate of McGaughey and Thorbecke
[11, pp. 33-36]. These questions were discussed at a semi-
nar to consider financial analysis on September 28-29,
1969. Personnel with Middle East responsibilities in an
international development fund, a U. S. Development
Agency, and a commercial bank participated {14, 15]. Also,
see Chandavarkar [3].

Am. J. Agr. Econ.

retire domestic debt. Subsequently they are

applied to foreign debt at the 0.87 conversion
factor. Interest is charged to accumulated delit
at the end of each period and to any excess of
costs over revenues when debt exists. If foreign
debt is retired, both accounts accumulate
surplus and interest earnings separately. These
definitions result in the remaining four columns
in Table 4. As a consequence of these assump-
tions, domestic debt is retired in 1992, but
foreign debt grows throughout the period until
it reaches $1.6 billior at the end of the project
(see Tables 4 and 5).

It is simple to program these relationships
(see Appendix) in order te examine the sensi-
tivity of the results to changes in assumptions.
Suppose the fixed capital tax is replaced by a
value added tax. In the latest year with avail-
able data (1960), the ratio of (a) tax payments
by all producing units to the government,
divided by (b) total value added by all eco-
nomic activity was .229.5 For a project, value
added is wages plus annual net return before
taxes. With a 22.9 percent annual valuc added
tax replacing the annual fixed capital tax,
foreign debt falls to $283 million by 2011.

Further tax assistance might be offered by
setting taxes at 5 percent of gross receipts. In
this case surpluses accumulate. Domestic sur-
plus reaches $645 million and foreign surplus
is $57 million at the end of the project.

Other financial arrangemants might be under-
te.en in which the original fixed capital tax
is used. If foreign components of the nuclear
steam supply and the electrical plant are
donated and domestic earnings are accepted

7‘ 'll‘he ,299 figure is calculated from duta in Mead [12, p.
276). . '

Table 5. Summary Qf,jjépayxﬁent :tinalyses with assumed actual future prices*

‘Noforgiveness, end of project®

‘ e S Foreign debt forgiven
SR : debt (—) or surplus (4 B gl
Repayment assumptions - . - Yj:;tdlf’eﬁfzgc ) plus (1)
' o PR * - . Domestic Foreign Year Amount .
L - ($1,000,000) ($1,000,000)
Original : 1992 0.0 —1561.7 1978 461.7
Tax=22.9 percent of value added 1986 o -13.4. —282.6 2009 251.2.
Tax=5 percent of gross revenue 1984 . 645.3 51.3 o ..
Donated foreign nuclear and electrical Do S S . e
investment, official exchange rate 1992 S0 0,0 "~ =~=160.6 - 2009 . -145.7.. .
No interest on foreign capita 1992 192,33 R

s Beginning of year basis.
b Project ends in 2011, .
© Surplus, =

o 18S e
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for remaining foreign debt, then that debt is
$161 million at the end of 2011, 4

Suppose no interest is charged or accrues to
the foreign account. Here a surplus results of
$192 million domestically and $78.5 million in
the foreign account.

Five analyses are summarized in Table 5,
Included is foreign debt forgiveness for the year
with minimum foreign debt. This amount indi-
cates the smallest debt that could be written
off as a grant subsidy to enable the project
to operate to its termination and leave no
outstanding debt. For example, in the original
case either $461.7 million dollars could be
forgiven in 1978 or the project would come to
its end in 2011 with $1.562 billion in outstand-
ing foreign debts. Financial viability apparently
requires substantial tax assistance, foreign capi-
tal donations, or both,

National Income Benefits and Costs

Particular economic objectives to be con-
sidered are national income, employment,
capitel scarcity, and foreign trade.

There are three categories of domestic em-
ployment in the complex: construction labor,
agricultural labor, and skilled technicians and
engineers. In each case it seems likely that
unemployment or substantial underemploy-
ment characterizes UAR labor markets. There-
fore it is assumed that the wages of such labor
add value to national income.® Admittedly
this is a controversial position. The cited evi-
dence is weak. It might be argued that some
fraction less than one is the correct proportion
of domestic wages that is an addition to na-
tional income, As noted below, the particular
asssumption employed makes little difference
in the conclusions. Domestic wages total $50.6
million during construction and are $3.1 million
annually during project operation, Direct em-
ployment would be 9000 man-years per year
during production.

A social discount rate of 10 percent is con-
sistent with benefit-cost analysis in developing
countries in general [11; 10, p. 184] and the
UAR in particular [16]; it is utilized here.

The UAR has a chronic foreign exchange
deficit and is at times unable to import needed
fertilizers, replacement parts, and other in-
dustrial necessities because of this [17, 21]. By

¢ See [21; 12, pp. 31-41]. This view is taken in unpub-
lished research by C. Nader and N. A. Sherbiny. A partly
contradictory view is held by Hansen [9].

NUCLEAR DESALINATION IN THE UNITED ARAB REPUBLIC [ 437

taking the preceding discussion of convertabil-
ity as a guide, imports are penalized 15 percent
and exports and import substitutes are given
a premium of 15 percent. (At full production,
domestic import substitute sales are $6.5
million of a total $57.5 million domestic sales.)

It is generally assumed in benefit-cost
analysis that inflation affects all benefits and
costs equally; therefore, the sign of net benefits
and the size of the benefit-cost ratio are un-
affected. However, the discussion of inflation
above suggests that the nuclear steam supply,
evaporator, and other foreign capital prices
will increase faster than other prices. This
greater rate of increase is 5.1 percent (8 percent
minus 2.9 percent) through 1977, and the rate
of increase decreases 0.5 percent annually until
it stabilizes at zero. Thus there is an overall
1969 price base with an allowance for relative
price increase in foreign capital components,

Particular measures of national income bene-
fits and costs used here are net present value,
benefit-cost ratio, and internal rate of return.
They are defined as follows:

41 4
B=3 3 Bu(l +n—t

(1)
tom] fua]
41 4
) C=2 2 Cull+ 1
. (]l k=]
3 N=B-C

(4)  BCR=B/C
®

IRR = [r: B = (]
where ¢ is each year of the time horizon from
the beginning of design and construction to
the end of production and liquidation of sal-
vageable assets; B is present value of bene-
fits at beginning of year 1; C is the same for
costs; NV is the net present value of benefits and
costs; BCR is the benefit-cost ratio; r is the
social discount rate; IRR is the internal rate of
return (the social discount rate such that the
present value of benefits exactly equals the
present value of costs); B; is export sales in-
creased by 15 percent premium; B, is import
substitution sales increased by 15 percent
premium; B is other domestic sales; By is
domestic wages; C; is import purchases of
capital goods adjusted by price index and
increased by foreign exchange penalty; C; is
import purchases of operating supplies in-



Table 6. Beneﬁt-cost analysis summary

Social - Present val P o N Benefit
* dlscount - t value ' Present value . Net . cost
ot o} bmcﬁts of cosn _ beneliu " ratio
K ent sccesmescsaconres mllllon dolhn ----------- m—eea
r Pg '364.5 . 0.74
18 187.2 : 342 2 . -555 0 . 0.5
S 826.5 801.4 25.1 1.03
5.45 762 | -762 0 1

creased by penalty, and C; and C4 are domestxc
capltal and operating expenses.

Since gross national product’is the sum of
value added, net present value can be inter-
preted here as the present value of “direct
GNP changes adjusted for forexgn exchange
premiums and penalties.

The first row of Table 6 shows the results,
whxch are clearly uicomplimentary; net bene-
fits ‘indicate a loss of $130 million, and the
benefit-cost ratio is less than one. The social
discount rate of 10 percent can be bracketed
by computing net present values for rates of
S percent and 15 percent (see rows 2 and 3).
The 15 percent rate lowers the BCR t0 0.55, and
the 5 percent rate has a small positive net
benefit. If 15 percent is more likely to be cor-
rect than 5 percent, the implication of this
bracketing is negative. The social internal rate
of return is 5.45 percent.

Difficulty in determining the national income
employment gain has been noted. Alternatively,
it can be postulated that the 9,000 man project
labor force would not be otherwise unemployed,
and the domestic wages for operation and con-
struction are not a national income benefit. In
this case the present value of the net benefit loss
becomes —$173 million at a 10 percent social
discount rate, —$185 million at 15 percent, and
—$46 mullion at 5 percent.

Conclusions

Within the context of the assumptions em-

ployed here, the nuclear powered agro-indus-
trial complex utilizing desalinated seawater
‘would be unable to be self-sufficient financially
and would retard national income growth in
the United Arab Republic.
" Project employment has been an important
U. S. policy goal. This, in turn, has been re-
lated to expectations for refugee settlement.
For example, Senate Resolution 155 stated:

Whereas the greatest bar to a long-term settle-

ment of the differences between the Arab and

Israeli people is the chronic shortage of fresh

water, useful work, and an adequate food sup-

ply; . . » Resolved, That it is the sense of the -

Cmmﬁ R TN R
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- Senate that the prompt design, construction,
and operation of nuclear desalting plants will -

- ,provide large quantities of fresh .water to both
Arab and Israeli territories and, thereby, will .

. result in—(1) new jobs for the many refugees; -
(2) an enormous increase in the agricultural pro-
ductivity of exxstlng wastelands; (3) a broad
base for cooperatxon between the Israeli and
Arab governments . ... [20, p. 1] ‘

There were about 1.35 million refugees prior
to:the 1967 war and perhaps 1.7 million after-
wards [2]. With an assumed labor participation
ratio similar to Egypt’s [12, p. 33], a maximum
employment goal would be 510,000 man-years.
With a third of this assumed as a specific goal,
57 projects identical to this design would be
required. Investment capital would be $22.5
billion, and the present value of national in-
come benefit loss (from Table 6) would be
$7.4 billion.

Fried and Edlund have suggested that de-
salination agriculture in the Middle East is
feasible if it can be assumed that crude oil is
donated “at a price that would cover its pro-
duction and transportation costs” [7, p. 163].
The UAR produces some oil but also has sub-
stantial imports. Simply selling the same crude
oil abroad would make a greater contribution
to UAR national income.

Roger Woodworth [24] estimated that effi-
cient irrigation agriculture in the UAR would
be feasible at a water price as high as 3.6 cents
per thousand gallons with a 10 percent interest
rate and 10.9 cents per thousand gallons with a
5 percent interest rate. Both figures are signi-
ficantly below the cost of the most efficient
large-scale desalination plants being designed.’?

It is concluded here that joint production of
electricity, salts, .nd agriculture based upon

7 A. D. K. Laird summarizes the state of the art in engi-
neering economics in this way [23, pp. 1—5] (1) current
design plants of one to five MGD capacity may desalt
water at 50 to 80 cents per 1000 gallons; (2) larger plants to
be built in five to 15 years may produce water at 20 to 40
cents per 1000 gallons; (3) very large plants built after
1985 may produce water at 10 to 15 cents per 1000 gallons.
Laird’s estimates are apparently in 1970 dollars with a
S.percent interest rate. Similar views are expressed in [22].
Juxtaposing Woodworth's agricultural analysis with Laird’s
desalting estimates suggests financial feasibility is at least
15 yeurs away and positive project net benefits are further
into the future. But this juxtaposition of Laird-Woodworth
ostimates is partially misleading since any large-scale
desalination agriculture would be part of a larger project
analogous to that analyzed here. Joint production of power
anéih water is less costly than the separate production- of
each.
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seawater desalination with either nuclear power
or oil is not economically feasible in the United
Arab Republic in the foreseeable future. Such
production appears to require deficit financing,
provide little employment, retard national
income growth compared to other investment
opportunities, increase the foreign exchange
deficit, and require substantial capital.
However, it is not correct to conclude that
large-scale agro-industrial projects are inherent-
ly infeasible in the UAR or elsewhere in the
Middle East.® Naiem Sherbiny [17] has sug-
gested that a suitable project would (a) utilize
indigenously profitable industries such as glass

! It would also be incorrect to conclude that desalination
is infeasible in other uses now. World desalination capacity
now excecds 300 MGD [23, p. 1] and is expected to reach
1 billion gallons per day {a 1975 {22, p. iii].

NUCLEAR DESALINATION IN THE UNITED ARAB REPUBLIC  /
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and glass products, paper products, pesticides,
herbicides, fertilizers, clothing, and processing
of agricultural products; (b) produce agricul-
tural commodities for import substitution and
export such as grains, fruits, and vegetables;
and (c) use oil and/or hydropower as energy
sources and ground water and/or rcservoirs as
irrigation sources [18]. These suggestions can
be contrasted with this project’s design empha-
sis on power-intensive industry, water-efficient
crops, nuclear power, and desalination.

In retrospect, the process of analysis suffers
from what might be termed “problem reversal,”
That is, it began with a presumed solution end
attempted to relate it to the problem, To the
extent that these difficulties characterize other
power and water development projects, it is of
general interest to economists in developing
and developed countries.
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APPENDIX

. " The following relations define the basic ele-

“ments of the program used in the financial
and benefit-cost analyses. The variable sub-
script corresponds to the column number in
Table 4; 1971 is year 1 (i.e., t-—l) Nominal
- prices are assumed actual future prices.

1-6. Domestic capital investment (X,), for-
. eign capital irvestment (X;), domestic
operating costs (X;), foreign operating
costs (X4), domestic sales (X}), and export
gales (X¢) are taken from [4] and are in
1969 prices.
7. Domestic tax, first repayment analysis

X = 04882‘,(xu+xu)

el
8, Baslc cost and revenue pnce mdex,
. ’1969=100 S
| : Xs - (1 029 ¢+l B | |
- 9; Forelgn capltal pnce mdex, 1969 100
" K= (. 08)H for ¢=1 through 8
(1 08 — .05(¢ — 8))X. Py '
. " for ¢= 9 through 18
' =1,029X,, -1 for 1=19 through 41.

'10 Actual net domestic" revenues, nommal

- prices A
, th-(Xu Xu—Xu X'I.)Xal
»’11 Actual net forelgn revenues, nommal
©, prices . ;- ,

Xu, 1= (Xo— X4 :)Xa ‘- Xz cxo.

"'f12 ‘Domestic mterest earnmgs or charges,
nommal prices :

L Xut=f 05(X14 -1 +X|o l) lemc<0
, e OS,X“"—I lf X]o.! > 0

13. Foreign mterest earnmgs or charges,‘
nominal prices - : :

Xxu- 05(X s, c—x+Xu t) lf Xn:<0
= .,05X 15,1 if Xu:>0

14. Domestic debt or surplus at year’s end,
nominal prices (S represents the sum of
domestic debt, interest, and revenues to
be used either in the domestic or foreign
account; see text.)

St = X+ Xz + Xiope
Xue=8 if S0 or Xyg120
=0 if X:s:_1<0 and S;> 0.*

15, Foreign debt or surplus at years end,
3 nomlnal prices

Xll,l = Xug,i-1 + Xua,e + Xu1,e + 875,
i Xige-1<0 and §;>0
= Xyt + Xuae + Xune
if le.l—l 2 0 or S; S 0.

For the 22.9 percent value added tax case,
domestic wages (Xy¢) are $3.053 million each
year from 1978 through 2007, value added
(X1) is Xie+Xs+Xe—X4—X3—X,—X). The
domestic tax (X4} is now 0.229 X;;. Calcula-
tions proceed as in the previous case.

With the tax at 5 percent of gross revenues,
X1=.05(X5+Xe).

When the foreign nuclear and electrical in-
vestment is donated and the then-official ex-
change rate is used, foreign capital investment
(X) is reduced about 50 percent (see Table 1).
In X5, 0.87 is replaced by 1.0.

In the analysis for no interest on foreign
accounts, X;3=0.

For the benefit-cost analyses, the social
benefit and cost variables are derived from the
X variables as indicated in the text.
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