




INTRODUCTION

A study of the engineering and economic feasibility of building and
operating a nuclear-powered energy center in Puerto Rico was undertaken in
June I969, by Burns and Roe, Inc., and the Dow Chemical Co. This study was
jointly sponsored by the U.S. Government (Dept. of Interior and AEC) and
the Commonwealth of Puerto Rico (Puerto Rico Water Resources Authority,
PRWRA, and the Puerto Rico Aqueduct and Sewer Authority, PRASA) and was com
pleted in July 1970. The scope of work of the study was to compile and
analyze information on the resources and requirements of the southwestern,
southeastern, and north central coastal regions of the Commonwealth, and
assess industrial and agricultural activities which in conjunction with the
power and desalting plants, might comprise the energy center complex. The
study was also to identify the need for any experimental, pilot or demon
stration projects which would benefit the practical application of the
Energy Center concept in Puerto Rico. It was hoped that such a study would
help in attaining the overall goal of increasing employment of male labor by
the establishment of viable industry and a revitalization of agriculture
on the island.

The work completed by Burns and Roe and Dow Chemical is described in
a four volume report series which includes an Executive Summary, two volumes
of the main report, and a Site Supplement. The IAEA had requested that a
discussion of this study be presented at their "Study Group on Agro-Industrial
Complexes" (March 29 to April 2, 1971; Vienna, Austria). The AEC in turn
requested that such a summary be prepared for this meeting.

SITE SELECTION AND IAYCUT

In conformity with the policy of the Puerto Rican government to diversi
fy the island's industrial development three areas of relatively low popu
lation density were compared for use as a site for an energy center. One
site in the north central region near Arecibo, one at Guayanilla in the
southwest, and the Bay of Jobos (Aguirre) in the southeast region. It was
determined that the Aguirre site was best suited for this type of develop
ment and three specific sites in this area were further examined before the
West-Aguirre site was selected. This area was recommended primarily on
the following basis:

1. Availability of suitable land at the lowest cost to acquire
and develop.

2. Indicated acceptability of the site from a nuclear safety
standpoint by virtue of a good rock foundation for the
reactors, adequate exclusion radius and low density popu
lation zones around the power plant.

3. The availability on the power plant site of two h60 MWe fossil
plants scheduled for operation in 1973-7^ soad a 560 MWe nuclear
plant scheduled for 1976 and could provide backup power and
steam. The length of all steam lines was therefore minimized.
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4. Good possibilities for a deep water port development.

5. Site layout lends itself to staged development thus
reducing initial costs.

6. Good highways to serve the area which will help to dif
fuse the socio-economic impact of the Energy Center over
a large area of Puerto Rico and supply labor needed for
construction and operation.

7. Relative stability of ecological factors.

8. The greater potential need for water from a desalting plant
that affords an opportunity to help solve water problems of
the south coast of Puerto Rico and to recover salt economi
cally from brine waste.

The costs to develop this site were estimated as indicated in Table 1.

Table 1. Cost Breakdown of Energy Center Site Development
(in Thousands of Dollars)

Capital Costs

Cost of Land $10,700

Cost of Expropriated Houses l,8l6

Site Preparation
(1) Levees & Flood Protection 1,844
(2) Land Filling & Compaction 723

Harbor & Channels0 16,13^

Power Plant 1,626

$32,793

Capitalized Operating Cost

Water - Alternate Aa 21,500

TOTAL COST (Alternate A) $5^,293

Water - Alternate Bb 38.200
TOTAL COST (Alternate B) $70,993

Alternate A - Industrial water supplied by PRASA at an assumed
rate of 28j^/l03 gallons.

Alternate B - Industrial water supplied by desalting plant at

50jzf/l03 gallons.

Capable of handling vessels up to 1100' in length and requiring
65' of water with entrance channels to harbor 400' minimum width.



The particular site selected is currently used for raising sugarcane.
A portion of the land adjoining the Bay is underlain with rock which pro
vides a desirable reactor site from seismic design considerations.

The average rainfall in the area is about 42 inches per year. The
prevailing wind is from the east. The area has brief temperature inversion
in the morning and evening, but they never persist throughout the day.
The average annual air temperature is 80°F. Tides normally run about one to
two feet, but could reach fifteen feet above mean sea level in a maximum
intensity hurricane striking directly on the area.

The power plant area at this site could ultimately include four fossil
fired power plants and four nuclear units. Construction is under way on
two 460 MWe fossil fired power plants. PRWRA has announced that a nominal
56O MWe nuclear power plant will be built at this site to go into operation
in 1976- The second nuclear plant position could be the Energy Center dual
purpose power plant to go into operation in 1978.

The industrial area consists of a rectangular plot of 2400 acres of
land slightly sloped toward the sea. The plot would be graded into a series
of terraces conforming to the general contours of the land and set at ele

vations of 5> 10, 15> 20 and 35 feet above mean sea level. To protect the
lower levels from the 15 foot tide that is possible during a major hurricane,
an 18 foot high levee would be placed on the seaward side.

The industrial plants presently planned for inclusion in the Energy

Center would occupy the approximately 1,300 acres in the south portion of

the plot. A demonstration farm could be located in the northern half of the
plot which could later serve as an industrial expansion area.

The final plant layout shown in Fig. 1 has taken into account five
interrelationships for each plant, namely (l) with other plants, (2) with
the power plant, (3) with the harbor, (k) with the project schedule and (5)
with the possible plant ownership.

The harbor facilities for the Energy Center have been located in the
southwest corner of the site to take advantage of the naturally occurring

water depths to minimize dredging and have good deep water access to the

sea and yet keeping it within the barrier reef islands to afford protection
against swells and heavy seas.

Berthing facilities would be provided to accommodate three classes of

vessels as follows:

a. Barges of 10,750 short ton capacity with an overall length
of 350 feet and a required water depth of 22 feet.

b. Multiproduct chemical tankers of 40,000 short ton capacity
with a length of 680 feet and a required water depth of
40 feet.

c Oil tankers of 150,000 dead weight ton capacity with an over
all length of 990 feet and a required water depth of 65 feet.
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ENERGY SEGMENT

The Energy Center uses energy in the form of electrical power and
steam which would buildup over an eight year period to reach peak estimated
loads as follows:

Electrical Power 700 megawatts
Process Steam

400 psig - 400,000 pounds per hour
150 psig - 3,000,000 pounds per hour
40 psig - 1,600,000 pounds per hour

It is proposed that the power and steam be furnished to industry from
plants owned and operated by the PRWRA to obtain the benefit of their low
financing charges as well as backup for electrical power from the grid and
backup for steam from other power plants located at the site.

Preliminary studies compared the cost for producing electrical power in
single purpose plants and indicated that nuclear power generation costs (4.3^
mills per kilowatt-hour @ 6% fixed charge rate) are slightly lower than fossil
power costs (k.kk mills per kilowatt-hour) based on 1969 costs. The data
does not take into account escalation for either plant or the possible need for
sulphur removal from the stack gas of the fossil plant.

Six alternate cases were studied to determine the most economical method

of obtaining the required electrical power and steam from dual purpose plants.
These cases varied the number and size of reactors and compared nuclear with
a dual purpose fossil power plant. Where the amount of power generated by
the dual purpose plant exceeded or fell short of that required by the Energy
Center, it was assumed that the difference would be furnished to or obtained

from the power grid system. In addition, the power grid system firms the
power by furnishing the backup power during emergencies or planned outages.

The steam supply to the industrial plants of the Energy Center must have
a high degree of reliability just the same as the electrical power supply
system. Since nuclear reactors must be shut down approximately once a year
for refueling, the reactors must either be furnished in duplicate to achieve
a continuous steam supply or else steam must be obtained from other sources.

Three other possible sources of steam could be obtained at this site, namely
package boilers, the two 4-60 Mw fossil plants scheduled for operation in 1973
and 197^ and the single purpose nuclear power plant scheduled for operation
in 1976.

The lowest steam cost was obtained from a two reactor plant (1750 MWe,
ea) producing 771 MWe (gross) although the capital investment was 30fo above
that of a single 2785 MWt reactor producing 539 MWe. Since the cost of
steam (based on the power credit method from a single purpose plant) was only
about 2$ greater for the latter case, it was recommended for this applica
tion to minimize financing problems. A schematic diagram for the recommended
case is shown in Fig. 2 along with the projected steam costs. Apportionment



NEW

REACTOR

Steam

Pressure,

400

150

40

ORNL-DWG 71-2976

CASE III

>JD] O-'i * 10 ib/hr <§> UOQ p;;ig-5QO°F
TO

INDUSTRIAL

COMPLEX•x 10^ Ib/hr ® isn nr.i^-li?n°V_

Steam Costs

Cents Per 1000 Lbs

Cost at

Dual Purpose
Plant Boundary

23-5

19.9

14.0

Delivered Cost

Including Standby
System

27-3

23.O

15.7

Water

& Salt

Plant

Levelized Cost

Over Lifetime

29.1

. 25-8

16.3
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between the various steam pressures was made according to the available
energies obtained by multiplying the theoretical steam rates by the appro
priate steam flows.

The savings for the dual purpose nuclear plant compared to a dual
purpose fossil plant is about $3,000,000 per year. This may be contrasted
with the savings of single purpose nuclear compared to single purpose fossil
of 0.1 mill per kilowatt-hour which corresponds to $490,000 per year. The
increased advantage of the dual purpose nuclear plant comes in part from a
larger unit, but primarily from the lower energy cost of nuclear fuel.

Based on the recommended case, a complete heat balance was developed
to serve as a basis for preparing a detailed capital cost for the plant which
gave an estimated capital cost as of June 1969, of. $l6l,203,000. With
escalation, this cost would be about $196,800,000 by the time the plant was
completed in 1978 if current escalation trends continue.

The estimated steam costs, ranging from 16.3 to 32-3^ per 1,000 pounds,
are expected to be attractive to industry since it is not uncommon for indus
try to pay 50 to 75 cents per 1,000 pounds for steam. The lower unit costs
for the Energy Center could represent a savings in the range of $10,000,000
per year. This savings is in part due to the ownership of the power plant
by a governmental agency, which results in lower fixed charges.

The location of a large complex of power plants at Aguirre could have
significant environmental effect on the Bay of Jobos due to use of this water
for cooling purposes. It was recommended that a study be made of the effects
of the discharge from such plants into the Bay and the immediate aquatic
region.

WATER SEGMENT

An analysis made of the projected water needs for the sub-region which
included the proposed energy center site indicated that serious water short
ages could exist up to about 1990. At this time the second stage of the
Toa Vaca reservoir-canal project should be completed and could provide 33

MGD. Some of the water shortages could be met by additional development of
wells but the remaining shortage would have to be met by desalting plants.

Two bases on which the desalting plant can be sized were studied; one
designed to recover enough salt from the waste brine of the desalting plant

to supply the chlorine-caustic plant, i.e., 3.000 tons of salt per day.
The second basis was to just satisfy the water needs of the Sub-Region includ
ing the Energy Center and import all the salt needed for the chlorine-caustic
plant. The water supplied on the two bases can be summarized as follows:



Water Source

Desalt Plant

Salt Recovery Plant

Chlorine-Caustic Plant

West Aguirre Wells

Toa Vaca

Total

10

Salt Basis

20.0 mgd

8-3 mgd
1.4 mgd
4.0 mgd

33-7 mgd

Water Basis

15.0 mgd

1.4- mgd

4.0 mgd

6.4- mgd

26.8 mgd

Sizing the desalting plant on the basis of meeting the salt needs results
in a surplus of 6.9 mgd of water which would be available to the Sub-Region
outside of the Energy Center. Sizing to satisfy salt needs makes the Energy
Center independent of the Toa Vaca Project and the surplus of water might
make it desirable to delay the delivery of water from Toa Vaca. Based on
satisfying the water needs, a plant of 15 mgd going into operation in 197^
would take care of the demand until 1985• This solution makes the Energy
Center dependent on receiving water from Toa Vaca.

It was decided to evaluate the desalting plant on the basis of supplying
the salt needs, i.e., a 20 mgd plant. This was arranged in two 10 mgd
trains to give redundancy to reduce the chances of the total water supply
being interrupted. The desalting plant is backed up by an underground reservoir
with well capacity of 22 mgd to serve as an emergency supply. It is estimated
that mining this underground reservoir could meet the water needs of the
Energy Center for a period of one month.

DESALTING PLANTS

Five different desalting plant designs were evaluated as summarized

in Table 2. Two multistage flash distillation plants were considered, one
with a single-effect and the other with two effects. The single-effect
multistage plant (SEMS or MSF) while not capable of producing a brine at a
concentration factor of 3 using only acid pretreatment was primarily included
to serve as a point of reference on desalted water costs. The multi-effect

multistage flash distillation plant (MEMS) is similar to the SEMS except 2
effects are used and it can produce a brine of 3 times sea water concentration

because the higher brine concentration occurs in the lower temperature effect.

Fouling of heat transfer surfaces by invertly soluble calcium sulfate, is
thus minimized.

Three multi-effect evaporators using vertical tubes with falling film
evaporation were considered based on concepts developed by the Oak Ridge

National Laboratory (ORNL), Aercjet-General (A-G) and W. L. Badger, Inc.
(WLB).

•""If salt is to be recovered from the waste brine, a concentration
factor of 3 was deemed to be desirable.
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Table 2. Comparison of 20 Mgd Desalting Plants

MULTISTAGE

SEMS

FLASH

MEMS

M E V T E

ORNL WLB A-G

Effects 1 2 11 16 12

Performance Ratio 10.0 9-0 9-6 12.0 9-6

Capital-$ Millions 20.0 20.6 16.9 19.0 15.4

Annual Cost-$ Millions 3-2 3-3 2-9 2.8 2.8

Cost of Water-^/k gal. 52 53 47 44 45
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The ORNL and Aerojet-General designs use multistage flash preheaters (MSF)
The W. L. Badger arranges the effects in two vertical towers. All the designs
use enhanced heat transfer surface (fluted tubes) in the vertical tube eva
porators .

The annual cost data was based on the fixed charge rate of capital of
the use of extraction steam from the dual purpose nuclear power plant7-

at 20^ per million Btu, electrical power at 5 mills per kilowatt-hour and
an on-stream efficiency of 85$>.

The cost data given in Table 2 indicates that the multi-effect vertical
tube plants all produce water at lower costs than the multistage flash dis
tillation plants. A waste brine stream at three times sea water concentration
can be obtained from the VTE plants at no cost penalty to the production of
water. Increasing the on-stream efficiency from 85 to 90$> would lower the
cost of water about 1 cent per thousand gallons. Reducing the plant capacity
to 10 mgd increases the unit cost of water to 57 cents per thousand gallons
for a SEMS plant and i+9.9 cents per thousand gallons for the ORNL MEVTE plant.

Four seawater pretreatment processes were evaluated in detail, namely,
acid, caustic, lime-magnesium carbonate (LMC) and ion exchange. The barium
desulfating process was given preliminary consideration but was eliminated
on the basis of unfavorable economics in the size range of interest in this
case. This evaluation indicated that the acid process gave the lowest cost
(4.3^/1000 gal.) however, the caustic process was only slightly more costly
and might be competitive depending on the ratio of acid to caustic costs in
specific instances.

INDUSTRIAL SEGMENT

Establishment of the Industrial Complex

The industrial segment of the study evaluated a group of potential
product modules with the objective of assembling them into an interrelated,
viable production complex. A prospective list of plants and products of the

most likely candidates were:

Chemical Refinery

Ethylene

Ethylbenzene

Cumene

Propylene Glycol

Chlorine-Caustic

Ethylene Dichloride

Ethylene Glycol

Petroleum Coke

Polyethylene

Vinylchloride

Aluminum

Magnesium

Silicon Metal

Copper Refining

Electric Furnace

Iron

Hydrogen & Ammonia

Salt By Solar Evapora

tion

Salt By Steam Evapora

tion

Magnesium Hydroxide

Hypochlorite

Elemental Phosphorus

Phosphoric Acid (Wet

Process)

Heavy Water

Fuel Processing
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Each module selected for inclusion in the industrial segment was tested
against the following criteria:

a. Is there a market position for this product during the 1975-
1990 study period?

b. Can it be profitably manufactured for this market during this
period?

c. Is the indicated profitability such that it can probably
stand the test of competition with other manufacturing loca
tions?

d. Do pollution or other factors make it unsatisfactory for
Puerto Rico?

e. Are there plans for the same or a similar product for Puerto
Rico which might predate construction of this plant?

f. Can derivative products be manufactured so that additional
jobs may be created?

In addition, potential product modules were considered in light of the advan
tages that Puerto Rico could offer.

The economics of the potential products were screened and after the

products were identified as being candidates for the industrial segment, it
was necessary to size them so that: (l) raw materials were in balance,
(2) the plant size is compatible with projected technology, and (3) the
plant capacity makes business sense for the 1975-1990 period.

It was necessary to forecast the size of operation for these years
which could economically fit into the market picture without disrupting the
price structure and which would be feasible to build in the light of competi
tive efficiency and construction technology.

Using the above criteria several trial industrial complexes were evalu
ated and the results are summarized in Table 3- The product mix recommended,
Case III-A is listed in Table 4- along with the power and steam requirements
for each product and the total complex. The size of each plant and pertinent
economic data is summarized in Table 5-

Although considerable attention was given to the question of disposal of
thermal and chemical wastes, recommendation for additional more detailed
studies were made in several cases. Waste control facilities were provided for
liquid, solid, and gaseous wastes from the industrial plants. The chemical
refinery, and the petro-chemicals group, discharge organic wastes either dis
solved or suspended in water. A bioxidation process treatment plant was pro

vided to reduce the total oxygen demand of this waste water by 85$. Some of
the plants produce wastes that will be disposed of in a tar burner and scrubber.
In addition, incinerators are provided for the disposal of combustible wastes



Table 3- Summary of Economics Data for the Industrial Sector
in Five Energy Center Cases

Total Fixed Investment

(millions of dollars)

Working Capital
(millions of dollars)

Total Annual Sales

(millions of dollars)

Total Annual Costs

(millions of dollars)

Discounted Cash Flow 4>

Case I Case II Case III Case III-A Case III-B

258.0 414.1 468.2 460. 4 452.0

31-8 45.0 56.7 57-4 57-4

130.8 249-5 272.7 273-3 273-3

100.9 174.4 180.7 181.9 181.5

10.2 14.0 14.0 15.4 15-^

Note: The differences between cases III-A and III-B was that Case III-A in

cluded a plant for the recovery of salt from the brine effluent of a desalting
plant used to produce industrial water, while in Case III-B, the salt was purchased
and industrial water was to be supplied from sources outside the Energy Center.

-p-



15

Table 4-. Puerto Rico Energy Center
Power and Steam Requirements

ORNL-DWG-71-2620

Steam, 10^ Ibs/hr

Product8-

Refinery

Petrochemicals

Propolyene Glycol

Polyethylene

Ethylene Glycol

Others

Power

MWe

23

90

40 psig

(300°F)

Caustic-Chlorine 180

Aluminum 233

Salt Recovery ~ 2 870

Site Utilities 66

Contingency Allowance 116 170

Desalting Plant 660

Totals 700 1700

150 psig
(420°F)

421

1570

670

455

255

190

6

415

3000

4-00 psig
(500°F)

338

120

27

191

62

738

Calcined coke made from residual fuel oil available as a refinery byproduct
was subsequently recommended for inclusion into the complex since it gave a DCF of
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Table 5. Size, Investment and Rate of Return
for the Puerto Rican Energy Center

Product

Refinery

Benzene

Ethylene

Propylene

Chlorine

Caustic

Ethylbenzene

Cumene

Ethylene Dichloride

Ethylene Glycol

Propylene Glycol

H.D. Polyethylene

Salt Recovery

Aluminum

Storage & Pollution Control

Interest during Construction
Site, harbor, docks, etc.

Dual Purpose Nuclear Plant

20 MGD Desalting Plant

Capac ity

10 lb/yr

6046

1324

1262

692

1007

1058

1000

802

425

725

525

300

2070

280

Battery Limits
Investment

106$

53-7

57-0

24.8

5-0

4.9

2-9

36.0

18.8

46.9

7-6

92.1

350

16

33
78

477

162

17

Net

Selling Price

ff/lb

1-25

3-78

3-78

2.45

5-00

8.66

11-93

26.46

Discounted

Cash Flow

14

16

18

13

18

18

14

14

15-4- (ave

6Total Investment = $656 x 10

On
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without pollution. The chlorine and aluminum plants will produce solid wastes
that will be disposed of by land filling. The aluminum plant will provide
fume scrubbing for the anode gas to remove gaseous fluorine compounds and
dust particles consisting mainly of fluorides, alumina and carbon. Pot room
air is exhausted through a spray chamber.

Of the prospective products (or process plant) listed above, all except
silicon metal were evaluated and then dropped from consideration for a variety
of reasons.

An analysis was made of the sensitivity in the computed DCF percentage
as a function of some of the basic assumptions used in performing this study.
The results summarized in Table 6 indicate that the tax incentive policy,
i.e., U.S. federal income taxes are not paid for time periods up to 17 years,
is the prime reason for obtaining an economically attractive DCF in this
case. The assumption of obtaining a favorable oil import position produced
about one-half the effect of income tax forgiveness.

AGRICULTURAL SEGMENT

The economics of growing selected crops on the South Coast of Puerto Rico
using desalted water (for supplement) at various costs were computed and the
results shown in Fig. 3- These results are based on a 500 acre fully mechan
ized farm, with equipment operators paid $1-75 per hour and field labor
$1.25 per hour with a 50$ allowance for fringe and social benefits. The net
earnings shown are based on land rental at $120 per acre.

Crop market analysis data obtained for the year 1968 and projected to
1975 showed that fruits and vegetables which could be grown in Puerto Rico
and valued at $20 x 10 would be imported. In addition, sizeable markets
for these crops would exist in the larger east coast cities on the United States
mainland. To demonstrate the probable benefits of diversifying land from
sugarcane to raise these fruits and vegetables, a 500 acre commercial farm
was designed and evaluated. The resulting computed discounted cash flow per

centages were sensitive to the assumed land and water costs. As an illus
tration, if the water cost 10^ per thousand gallons and land cost $1,000
per acre, then the discounted cash flow is about 14$. At this same land cost
but water at 4^/1000 gal the DCF is 9-l/2# but with land at $3000/acre the
DCF drops to 4%.

IMPACT OF THE ENERGY CENTER

The employment resulting from the establishment of the proposed energy
center is summarized in Table 7- Also shown are some of the pertinent economic
parameters which would be influenced by this project. Subsequent to the

completion of this study an estimate of the impact on the entire island's
economy was made using a ten sector input-output table. The results of this
analysis shown in Table 8 indicate that the induced overall employment is
over two times greater than the regional figure given in Table 7- Further,

lJohn M. Holmes, The Impact of Nuclear Energy Centers on the Economy
of Puerto Rico, a Ph.D. dissertation, the University of Tennessee, Dept. of
Chemical and Metallurgical Engineering, Khoxville, Tennessee, July 1970.
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Table 6. Sensitivity Analysis for Puerto Rico Energy Center

Change
Change in Assumption in DCF $

Tax Incentive Omitted -5

Import Oil Quota not Obtained -2 to -3

(increase crude price 37 to 55$)

Increase Power Rate by 1 mill/kwhr -1

Steam Supply from Fossil-Boilers -0-7 to -1

No Deep Harbor -0.5

Increase Land Cost from $4O00/Ac
to $12,000/Ac -0.5

Crude oil cost used in the analysis was $l-75/bbl +
0.42/bbl freight.

ORNL-DWG-71-2626

Table 7- Impact of Puerto Rico Energy Center

Employment

Construction 5,000

Operation 4,000

Derived (secondary in the Region) 12,600

Supported Population in the Region 50,000

Economic

Personal Expenditures $5!+ x 10

c

Energy Center Purchases $35 x 10

Community Investment Needs (1980) $300-4-00 x 10
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Fig. 3. PUERTO RICO ENERGY CENTER STUDY
AGRICULTURAL CROP ECONOMICS
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Table 8. Summary of the Impact Due to the Establishment
of an Energy Center In Puerto Rico

Short Term Long Term

Impact Impact

Energy Center Employment 2900 4200

Direct Plus Indirect Employment 4020 5730

Total Increase In Puerto Rican

Employment* 6400 27,300

Increase in Gross Product,

$ millions (1975 dollars) 185 8Ul

Percent Increase in Gross Product 2-3 10.6

Capital Requirements For the Public
Sector, $ millions (1975 dollars)

Public Services 4-12-5

Government 106.5

Total 519-0

•*

Includes Energy Center employment.



21

it is of interest to note that according to this analysis this project would
over the long term result in a 10.6$ increase in the gross domestic product for
the island and require governmental expenditures of about $519 x 10 including
the costs for the power and water plants associated with the complex.

IMPLEMENTATION

A proposed project construction schedule was developed which would
require about 8 years to complete. This schedule limits the capital expendi
tures to about $100,000,000 per year and construction manpower to a maximum
of about 4000 to 5000 men per year. The nature of the plants is such that
the development of the project can proceed in six stages, each of which re
presents a plateau of stability and a basis for lengthening the project schedule

if necessary.

The promotion of the Energy Center can be handled by Fomento, acting
for the various governmental agencies of Puerto Rico in a role they have
successfully filled in the past in connection with the industrialization
program of Puerto Rico. The establishment of contracts between the govern
mental agencies and industry, will be the basis for the governmental
agencies to raise money for their portion of the project through the issuance
of bonds. The government agencies would finance the purchase of the land and
its improvements, the dual purpose power plant, the desalting plant and harbor
facilities. Industry on the basis of the same contracts and the indicated
profits would raise money for financing the industrial plants. The exact
location of the interface between the governmental agencies and industry and
the degree of risk to be assumed by each are matters to be worked out during
negotiations and will be dependent in part on the organization plan that is
adopted.

Four organization plans for the Energy Center were developed, three of
which were recommended as applicable.

CONCLUSIONS AND RECOMMENDATIONS

The main conclusions reached from performing this one year study of a
nuclear-powered energy center in Puerto Rico may be summarized as follows:

(l) An Energy Center is economically viable in Puerto Rico.
In particular, the industrial complex, as recommended,
yields an acceptable discounted cash flow percentage using
the forecasted near term (1975-90) domestic USA and world
wide market structure.
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(2) The economic viability of the industrial plants of the
Energy Center derives from the benefits of the Puerto
Rican tax incentive program and the assumption of ob
taining an oil import quota, i.e., relatively low cost
crude oil. Other significant benefits do accrue, how

ever, from low cost power and steam, large capacity
plants, complexing and availability of a deep water harbor
and low land costs.

(3) Recovery of salt from the desalting plants waste brine is
an attractive alternative to importing solar salt for the
caustic/chlorine plant. Recovery of other products from
this source will require an additional R&D effort.

(4) The most economical way of obtaining the steam and the bulk
of the power required for the Energy Center is from a 2785
MWt nuclear steam supply system with a 5^0 MWe turbo-generator.
The cost of generating power from single purpose nuclear
plants is slightly lower than fossil plants. The estimated
cost of generation from both type of plants exceeds the pre
sent rate schedule for large blocks of power.

(5) The proposed industrial development of this Sub-Region will
result in a water shortage requiring construction of desalt
ing facilities. Desalted water can be obtained at lowest

cost from a multi-effect vertical tube type plant in the
20 MGD plant size range. The VTE type of desalting plant
can produce a waste brine at three times seawater concentra

tion that can be used for the economical recovery of salt at
no cost penalty to water production.

(6) Food produce is being imported to Puerto Rico which could be
profitably grown in Puerto Rico. By 1975, these imports will
reach $20 million per year unless production of certain crops
is increased. It will require 20,000 acres of land to grow
the crops needed to meet the demand and this amount of land

can only be obtained by displacing sugarcane.

(7) With the exception of selected crops, the cost of desalted
water is too high to be used for agriculture in Puerto Rico.

(8) Implementation of the Energy Center is possible through existing
agencies of the Government of Puerto Rico. About one-third of

the Energy Center cost can be financed by agencies of the Govern
ment of Puerto Rico through bond issues covering the dual purpose
power plant, the desalting plant, land acquisition and port faci
lities. The profit potential is sufficiently high to induce pri
vate industry to finance the remaining two-thirds of the cost.
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it is of interest to note that according to this analysis this project would

over the long term result in a 10.6$ increase in the gross domestic product for
the island and require governmental expenditures of about $519 x 10 including
the costs for the power and water plants associated with the complex.

IMPLEMENTATION

A proposed project construction schedule was developed which would

require about 8 years to complete. This schedule limits the capital expendi
tures to about $100,000,000 per year and construction manpower to a maximum
of about UO00 to 5000 men per year. The nature of the plants is such that
the development of the project can proceed in six stages, each of which re
presents a plateau of stability and a basis for lengthening the project schedule
if necessary.

The promotion of the Energy Center can be handled by Fomento, acting
for the various governmental agencies of Puerto Rico in a role they have
successfully filled in the past in connection with the industrialization
program of Puerto Rico. The establishment of contracts between the govern

mental agencies and industry, will be the basis for the governmental
agencies to raise money for their portion of the project through the issuance
of bonds. The government agencies would finance the purchase of the land and
its improvements, the dual purpose power plant, the desalting plant and harbor
facilities. Industry on the basis of the same contracts and the indicated
profits would raise money for financing the industrial plants. The exact
location of the interface between the governmental agencies and industry and
the degree of risk to be assumed by each are matters to be worked out during
negotiations and will be dependent in part on the organization plan that is
adopted.

Four organization plans for the Energy Center were developed, three of
which were recommended as applicable.

CONCLUSIONS AND RECOMMENDATIONS

The main conclusions reached from performing this one year study of a
nuclear-powered energy center in Puerto Rico may be summarized as follows:

(l) An Energy Center is economically viable in Puerto Rico.
In particular, the industrial complex, as recommended,
yields an acceptable discounted cash flow percentage using
the forecasted near term (1975-90) domestic USA and world
wide market structure.
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(2) The economic viability of the industrial plants of the
Energy Center derives from the benefits of the Puerto
Rican tax incentive program and the assumption of ob
taining an oil import quota, i.e., relatively low cost
crude oil. Other significant benefits do accrue, how

ever, from low cost power and steam, large capacity
plants, complexing and availability of a deep water harbor
and low land costs.

(3) Recovery of salt from the desalting plants waste brine is
an attractive alternative to importing solar salt for the
caustic/chlorine plant. Recovery of other products from
this source will require an additional R&D effort.

(4) The most economical way of obtaining the steam and the bulk
of the power required for the Energy Center is from a 2785
MWt nuclear steam supply system with a 5^0 MWe turbo-generator.
The cost of generating power from single purpose nuclear
plants is slightly lower than fossil plants. The estimated
cost of generation from both type of plants exceeds the pre
sent rate schedule for large blocks of power.

(5) The proposed industrial development of this Sub-Region will
result in a water shortage requiring construction of desalt
ing facilities. Desalted water can be obtained at lowest
cost from a multi-effect vertical tube type plant in the
20 MGD plant size range. The VTE type of desalting plant
can produce a waste brine at three times seawater concentra

tion that can be used for the economical recovery of salt at
no cost penalty to water production.

(6) Food produce is being imported to Puerto Rico which could be
profitably grown in Puerto Rico. By 1975, these imports will
reach $20 million per year unless production of certain crops
is increased. It will require 20,000 acres of land to grow
the crops needed to meet the demand and this amount of land

can only be obtained by displacing sugarcane.

(7) With the exception of selected crops, the cost of desalted
water is too high to be used for agriculture in Puerto Rico.

(8) Implementation of the Energy Center is possible through existing
agencies of the Government of Puerto Rico. About one-third of

the Energy Center cost can be financed by agencies of the Govern
ment of Puerto Rico through bond issues covering the dual purpose
power plant, the desalting plant, land acquisition and port faci
lities. The profit potential is sufficiently high to induce pri
vate industry to finance the remaining two-thirds of the cost.
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(9) The first plants can be placed in operation by 1975 and the
last of the plants by 1979, if construction can be started
by 1972.

(10) The impact of implementing the recommended Energy Center on
the Puerto Rican economy would be most evident in the creation
of new jobs; over 4000 in the energy center and an estimated
additional 23,000 indirect and inferred for the entire island.
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