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ABSTRACT 

This paper summarizes the material on agro-industrial complexes 
presented at the ORNL Desalination Information Meeting, May 21-22, 1970. 
In addition to a "brief review of earlier work, the work performed during 
the past year is discussed along with an assessment of the future pros-
pects for the nuclear-powered energy center concept. 
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L E G A L N O T I C E — 
This roport was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any ol' their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or Implied, or assumes any 
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 

The studies at OKNL on the nuclear-powered agro-industrial complex 
concept have "been in progress for three years "beginning with an intensive 
multidisciplinary "summer" study in I967.1 The principal question set for 
this study was: How and to what extent could the low-cost energy antici-
pated .from nuclear reactors be used effectively to increase both industrial 
and agricultural production, with particular attention being given to appli-
cations in developing countries? As may be inferred from Fig. 1, the study 
resulted in perhaps the "biggest, applications evaluation for peaceful use of 
nuclear energy yet undertaken. This artist's concept shows a complex based 
on two reactors producing about 2000 MWe for use in an associated electricity-
intensive industrial complex and 1000 Mgd of de-salted water for use on an 
irrigated farm and represents an investment of about $1.8 billion (1967 
dollars). 

In digesting the results of this and subsequent studies it has "become 
evident that under certain conditions such a technological fix, basically 
of importing low cost energy into an undeveloped region or nation, can have 
a wide ranging impact not only on the region but can influence many of the 
great problems the human race is facing today. The primary "raw materials" 
of power and water provide the basis for industrial, agricultural, and 
general economic advancement and can make use of currently unused land. In 
many cases this development process can alleviate the causes of war, reduce 
the magnitude of the population explosion by increasing standards of living, 
lessen the world food problem, relieve the pressures on buldging cities, 
favorably influence many aspects of environmental pollution and conserve 
the capital which will be in great demand for meeting the future needs of 
man. These potential benefits, grandiose as they seem do appear to be real, 
but as we are also becoming more aware, require many non-technical inputs 
for successful implementatior. 

I would like to briefly review the possible advantages we now see in 
this concept, where the major problem areas are, some of the results obtained 
from the past years' study and an idea of the future prospects for the agro-
industrial complex. 

•̂G. Young and J. W. Michel, Nuclear Energy Centers: Industrial and 
Agro-Industrial Complexes - Summary Report, ORNL-^291 (July 1968). 
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Fig. 1. Artist's Concept of an Agro-Industrial Complex Situated in a Remote Coastal 
Desert Region. 
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POTENTIAL .ADVANTAGES 

The most significant advantages of the energy center concept are 
listed in Fig. 2 divided according to primary and secondary advantages. 
Clustering a number of electricity-intensive industries around a power source 
requires a large power plant which can, therefore} realize the cost savings 
"brought about by the effects of size scaling and produce low cost energy. 
Also, transmission costs for both electricity and steam are irinimized. 

A locational advantage results from the mobility of nuclear power - the 
ability to be located wherever adequate cooling capacity is available and 
not tied to any natural source of fuel supply. This means that energy can 
be "taken to Mohammed"; power can be made available where needed, water 
where growing conditions can be more favorably optimized. 

Sharing of offsite facilities by the various industries represents a 
significant savings in investment,,e.g., the offsite cost of an isolated 
plant may be 50$> of the plant cost while as part of a large complex the 
fraction could be less than 10$. 

Clustered diverse industries can often make use of products and by-
products available within the complex, thus, in some cases making sizable 
savings in "raw material" costs. 

With many of the above savings possible, i.e., low cost energy, off-
sit; infrastructure developments, etc. there is an incentive for increasing 
the individual plant sizes thus achieving additional savings in initial 
investment and operating costs. 

Since a number of electricity-intensive processes lend themselves to 
use of interruptible power, the complex power plant could supply peaking 
power to an existing grid. In many cases this peaking power is quite 
expensive and sizable overall savings are possible. In addition to supplying 
peaking power the energy center could add incremental capacity to supply 
part of a grid's base load and thus realize considerable savings over the 
conventional method of adding small power stations each year or so to meet 
the systems' growth. The full utilization of the power -station brought about 
by providing a "captive" user of the power together with the elimination of 
high cost peaking units means in turn a high efficiency of capital invest-
ment. Further, an increased efficiency of all resources is inherent as 
the scale of production increases. 
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POSSIBLE ADVANTAGES OF AN ENERGY CENTER 
IN A DEVELOPING COUNTRY 

Primary 
Low-cost energy 
Locational alternatives 
Sharing of off-site costs 
Integration of processes 
Incentive to increase plant size 
Supply peaking power to grid 
Conserve capital and other resources 

Secondary 
Zoning and pollution control 
Improved overall planning 
Opportunities for secondary and tertiary industries 
Relieve population pressures - new lands 
Provides focus for demonstration and training 

Fig. 2. 
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Secondary advantages include improved overall planning, centralized 
pollution control, opportunities for satellite industries, tourism and 
new cities development. Also, a large and diversified project such as 
this can provide a focus for training and demonstration of new techniques 
to aid in circumventing problems associated with tradition or custom. 

POTENTIAL PROBLEM AREAS 

Some of the potential problem areas associated with building and 
operating an energy center are listed in Pig. 3* Even though considerable 
total savings in investment may be realized, the large amounts of capital 
required over a short period may create financing problems particularly 
for developing countries in the area of foreign exchange and in training 
a sufficient labor force, particularly at the management level. 

Although there are some advantages in industrial integration and 
interchange of products, too much interdependence can cause difficulty 
during unscheduled shutdowns of individual plants. 

Added transport cost for delivery of products to markets will probably 
be incurred but may be offset by achieving lower delivered prices for raw 
materials. 

At any one site it is unlikely that many critical raw mate-rials will 
be advantageously available so that the variety of industrial processes 
that can be included may be limited. 

If adequate grid interconnections or system reserve capacity are not 
available at remote sites, additional costs will be incurred to provide the 
required on-site reliability in the energy supply. 

The universal problem of obtaining and forecasting accurate marketing 
information is somewhat intensified in the energy center concept where 
large scale operations, particularly in developing countries, are proposed. 
In many cases the required marketing.infrastructure from factory to consumer 
is not well developed. 

There is perhaps another problem area, not listed in Fig. 3 "which may 
be present at least initially. The basic assumption of introducing a high 
level of technology usually implies an efficient but small labor force which 
is counter to the goal of many developing regions of providing employment 
for a large and increasing population. The industries considered in our 
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POTENTIAL PROBLEM AREAS 
OF AN ENERGY CENTER 

Large Capital Requirements 
.Foreign exchange 
Management 

Industry Interdependence 
Increased Transportation 
Raw Materials Limitation 
Energy Supply Reliability 
Concentrated Investment 

Implementat ion 
Physical damage 

Marketing Problems 

Fig. 3. 
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studies, so far, produce basic products which in most cases are used as 
inputs in secondary or tertiary industries and, which are typically more 
labor intensive. Thus, meeting a goal of reducing unemployment will 
depend somewhat on the development of secondary industries which should 
naturally occur within the environment of an energy center. 

There are many implementation problems associated with introducing 
capital-intensive modern technology in many parts of the world. Many of 
these involve "people problems", education, politics, changing life styles, 
etc. 

COSTS OF POWER AND WATER 

The costs of nuclear power stations in the United States were updated 
to a mid-1969 basis by applying suitable factors to allow principally for 
increases in material and labor costs and escalation (construction period 
increased from k years to 5-1/2 years). Table 1 shows a comparison of the 
power costs used as a base case in 0RNL-^290 (1967 basis)3 and the estimated 
mid-1969 costs. Decreasing the construct ion period for the mid-1969 case by 
one year, that is, to months, gives a decrease in power cost of 0.2 mill/kwhr; 
decreasing the load factor from 90 to 85^ increases the power costs by about 
0.1 mill/kwhr. 

The effect of an increase in the cost of power on the economics of the 
basic industrial processes considered in ORNL-^-290 is indicated in Table 2. 
For most of these products the market price has also increased during this 
same time period, and the increase appears to more than balance the added 
production costs that could be attributed to the increase in power cost. 

The effects of the increased reactor costs as well as increased evapora-
tor costs (relative to the 1967 study) on the cost of desalted water have 
also been estimated and are illustrated in Fig. In the earlier ORMi 
study it was assumed that the near-term technology would be a light-water 
reactor coupled with a multistage flash evaporator. Current thinking is 
that within the context of an agro-industrial complex the combined MSF-VTE 
(vertical tube- evaporator) coupled with^a LWR may considered as "near term". 

3Uuclear Energy Centers: Industrial and Agro-Industrial Complexes, 
0WJj-k-290 (November 1968) . 
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Table 1. Comparison of Reactor (LWR) and Power Costs 
for a 103^-MW(e) [32OO MW(t)] Station 

ORNL-^290, Mid-1969 
-1967 -CostVBasis 

Base capital investment, $/kW(e) 122 161 
Investment including interest during construction 
at 9ia,a $/kW(e) 139 207 

Conotruction period, months 148 66 
Power dosts, mills/kWhr 

Capital charges^ 1.88 2.80 
Operation, maintenance, and insurance 0.26 0.30 
Fuel cycle 1-57 1.67 

Total 3-7 b.8 

Compounded quarterly. 
•L 
Assumes cost of money at 10$, load factor of 90%, interim replacements 

at of total cost replaced after 15 years: remaining plant has 30-year li'fe. 

Table 2. Changes in Manufacturing Costs Caused 
by a 1.0-mill/kWhr Increase in Power Cost 

Product Percent Increase in 
Manufacturing Costs 

Equivalent Increase 
in Product Price 

Aluminum 
Phosphorus 
Chlorine 
Ammonia 

3 6 
9 
17 

1.0^/lb ($20/ton) 
0.3^/lb ($5.5/ton) 
0.2^/lb (fe-3/ton) 
O.^/lb ($8/ton) 
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Ae indicated in Fig. k, the cost increases from 1967 to 1969 are 
nearly "balanced (at 5 to 10$ cost of money) by a shift in the evaporator 
technology. On the basis of the same technology, that is, LWR-VTE, the 
cost increase (allowing for both reactor and evaporator) amounts to about 
4-5$ at a cost of money of 10$. 

ADDITIONAL INDUSTRIAL STUDIES 

Work on industrial processes which appear attractive for inclusion 
in an energy center has entailed further refinement of the earlier building 
block data and the development of technical and economic data for several 
additional processes. 

Electrolytic Ammonia 
A study3 was made of the economics of integrating an electrolytic ammonia 

plant with a power station and with a power grid. In this type of operation 
it is assumed that the water electrolysis plant operates with off-peak 
power at variable current density depending on the power plant or system 
load curve. In the case of the conjunctive operation with a power plant, 
it is further assumed that the power plant can operate at a 90$ load factor 
and that the water electrolysis plant can only obtain power when this load 
factor decreases. Figure 5 shows a case of a lOOO-MW(e) [two 500-MW(e) 
units] station operating with a 300-ton/day ammonia plant assuming a $4.00 
per ton credit for the co-produced oxygen. (A comparably sized air liquefac-
tion plant could produce oxygen for $6.00 per ton. The lower credit assumed 
was to compensate for delivery costs.) This figure gives the required price 
for ammonia such that the total annual cost of the conjunctive (NH3 and 
power) plant operation is equal to that of the power plant alone operating 
at the indicated reduced load factors. The amount of power sold to the grid 
would be identical for both power plant operating modes. The minimum price 
for NHa of $4-7.00 per ton shown in the figure may be compared with a price 
of $57 >00 per ton delivered to a farm in northeastern Iowa during the summer 
of 1969^ thus indicating an allowance of ~$10.00 per ton for hauling to farms. 

3J. E. Mrochek, J. M. Holmes, and J. W. Michel, Role of Electricity-
Intensive Industries in the Economics of Nuclear Power, "Nuclear Energy Costs 
and Economic Development Symposium", Istanbul, Turkey, Oct. 20-24, 1969 • 
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Fig. 5. Ammonia Sales Price Required for the Combination of a lOOO-HW(e) 
Nuclear Power Station and Electrolytic Ammonia Plant to Break Even with the 
Same Power Station Operating at the Indicated Load Factors. 
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The integration of an electrolytic ammonia plant with a grid was 
evaluated for the case of the Western India grid. The load curve for this 
system is given in Fig. 6.4 The proposed 1200-MW(e) (two unit) nuclear 
power station would "be connected to this grid and could supply the peaking 
power requirements by reducing or interrupting the operation of the water 
electrolysis cells. This in turn could allow the closing down of some of 
the currently used high-fuel-cost small peaking stations (shaded areas in 
Fig. 6). If the saving in fuel costs (between the new nuclear station and 
the old small stations) were applied to the cost of producing ammonia, it 
would amount to $11.00 per ton and thus reduce the costs to values well 
below the cost of importing ammonia into this agricultural region. 

D-LM Process for Production of Pig Iron 
A new process, D-1M, for the commercial production of pig iron utilizes 

coal as a primary reductant in a traveling grate furnace. The partially-
reduced iron-ore leaving this furnace is reduced to pig iron in a submerged 
arc electric furnace. Figure 7 summarizes a comparison of this process 
with the conventional "blast furnace and illustrates the main advantages of 
not requriing coke and being economical in relatively small sized plants. 

Acetylene 
The production of acetylene has recently been extended to include the 

electric arc (DuPont) process.6 In many parts of the world acetylene is 
being replaced by ethylene obtained from cracked petroleum and naphtha since 
the ethylene is currently a lower-priced feed stock, partly due to the local 
demand for the associated by-products. In some countries which may have 
natural gas but little petroleum or where there is little demand for gaso-
line and the many other products obtained from cracking petroleum or naphtha, 
the arc processes may be desirable. Building block manufacturing information 
has been developed for producing acetylene and for converting acetylene to 

4K. R. Pandit, V. P. Thakor, and R. R. K. Vittal, Development of 
Western-India Grid, World Power Conference, Tokyo (Oct. 16-20, 1966). 

* Described further in section on applications, p. 
5J. M. Holmes, Evaluation of DuPont Arc Process for Acetylene and 

Vinyl Chloride Monomer Production, ORNL-TM-2725 (September 1969)• 
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vinyl chloride (v.c.). This route to v.c. compared to the ethylene route 
gives "break-even manufacturing costs at power costs of from 3 to 7 mills/kwhr 
over a range of plant sizes, costs of money, and ethylene costs. 

Salt and Marine Chemicals Complex 
In an arid coastal area, solar energy can be utilized to concentrate 

evaporator effluent and to recover a number of chemical compounds by frac-
tional crystallization; further processing can lead to a variety of product 
chemicals. One schematic example of such a complex shown in Fig. 8 indicates 
the diversity of basic products which can be produced at any arid sea coast 
location. Economic analyses of such a complex have been made and indicate 
attractive rates of return on investment. 

AGRICULTURE 
As part of the continuing studies in the use of desalted water for 

agriculture, work has proceeded in the economic evaluation of a number of 
agricultural variables, including additional crops, livestock, and food 
processing. Some studies have been done in the area of alternative water 
storage and irrigation schemes, in the effect of rainfall, and in preliminary 
planning work for the establishment of an experimental farm to develop and 
demonstrate agricultural methods uniquely suited to the use of desalted water. 

Additional Farm Enterprises 
Rice 
Although rice may be considered a relatively high-value crop (sale price 

about double that of wheat), it has been traditionally assumed to require a 
large quantity of water based on the flooded field cultivation practice used 
in most parts of the world. Recently, new irrigation methods have demon-
strated that with careful timing of the water applications the requirement 
may be reduced to that normally used for wheat cultivation, with yields 
essentially unchanged. The basic "building block" data for rice cultivation 
using this new technique are summarized in Table 3 > and the economic impli-
cations are indicated in Fig. 9 • This figure shows that the break-even water 
cost would be in the range of 30 to 50^ per 1000 gal. 

J. S. Kanwar, "From Protective to Productive Irrigation", Economics 
and Political Weekly k, 13 (Mar. 29, 1969). 
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Table 3. Characteristics of Rice in 
Controlled-Irrigation Agriculture 

Cultivation cost (not including water), $/acre 40.00 
Water used, in. 16.7 
Yield (milled rice), lb/acre 4200 
Net income increase over dry beans (system 2, 

0RNL-4290) at 6^/lb for rice, millions of dollars 12.4 
Internal rate of return using water at 25^ per 

1000 gal (export price level), $ 
System 2 (0RNL-4290) 12 
System 2 with rice replacing dry beans, 

rice at 6^/lb 15 
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Fig. 9. Cost of Raising Rice and Wheat vs Cost of Water. 
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The effect of incorporating rice as a summer crop into the cropping 
pattern of an irrigated farm using desalted water is also indicated in 
Table 3* Here a simple modification to system 2 ("high value" as given in 
ref. 2) whereby rice is substituted for dry beans indicates an appreciable 
increase in the economic return. 

Livestock 
As an example of a lifestock enterprise, data on the production of 

chicken meat and eggs have been developed.7 Using 22,400 acres of wheat as 
the primary feed grain, it is estimated that about 59 x 10to lb of live 
broilers and 15 x. 106 dozen eggs can be produced per year. The costs of 
producing the wheat plus other supplemental feed, all the required labor, 
and all capital costs at 10$ cost of money are shown in Fig. 10 as a function 
of the cost of water. Using an average price of 21^/lb (l9«5^/lb for the 
broilers, 38^/dozen for eggs) the break-even water cost becomes 4-5̂  per 
1000 gal. The initial investment for this enterprise is about $11 million, 
and the net effect on the economic return for system 2 (ref. 2) is an 
increase in the internal rate of return of 0.8. The incremental return on 
the added investment would be about 2.7 

Aquaculture 
Some investigation has begun in the area of intensive fish fanning, 

particularly in conjunction with a large power and/or water station.8 Here 
the large volumes of water being pumped for cooling purposes may be directed 
into constant-temperature raceways for raising fin or shellfish at a rate 
of perhaps two crops per year. One of the most profitable of such enter-
prises appears to be shrimp culture - a relatively new development but a 
successful operation in a few parts of the world. Wot only does this enter-
prise appear to be highly profitable, but the product provides a source of 
much-needed protein for a nutritionally balanced diet. 

7C. M. Farmer, "The Potential Role of Livestock in a Nuclear-Powered 
Agro-Industrial Complex in the United Arab Republic", a Dissertation for 
the University of Tennessee, Knoxville (December 1969). 

8W. C. Yee, "Seawater Utilization In An Energy Center", presented at 
the 67th National Meeting of the American Institute of Chemical Engineers, 
Atlanta, Georgia (February 15-18, 1970). 
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Rainfall 
None of the examples in the earlier general studies included rainfall 

in the analysis of the agricultural segment. Of the locales previously-
considered, the Kutch region of India exhibits perhaps the most fortunate 
timing of the rain; that is, most rain occurs in the summer, when the crop 
water requirements are greatest. This location receives 9*2 in. of rain, 
over 80$ of the annual rainfall, during the months of June, July, and August. 
Since about 80,000 acres of land are not utilized during this period in the 
system 2 "high value" example given in ref. 2, it is possible to increase 
dry bean acreage by this amount using the natural rainfall and assuming a 
utilization efficiency of less than 5 0 I f the same direct production costs 
(not including water) and crop yields are assumed, the added income from this 
crop would increase the direct return on investment for the entire farm by 
about 4.5 percentage points. Thus, a farm internal rate of return would be 
nearly 12$ using water at 30^ per 1000 gal. 

Food Processing 
Building block type data have been developed for several food storage 

and processing operations. Processing potatoes into granules or flakes 
lessens an expensive storage cost and upgrades the product for easier trans-
portation and marketing. The impact of such secondary industry on the overall 
economics of an agro-industrial complex is difficult to define since the 
highly sensitive parameter of sales price in a developing country is not 
obtainable in many cases. 

Many of these processes, however, do make use of process steam and are 
labor intensive so would fit well into the concept of an agro-industrial 
complex. 

APPLICATIONS 

In addition to the Middle East Study Project, laboratory assistance has 
been given to studies of energy centers for India, Puerto Rico, Pakistan and 
Brazil. An independent study was made in Australia by the University of 
Sydney and study projects are beginning in this country by Texas A & M and 
the state of Kentucky. 

One phase of the Indian study now in progress for over two years is 
shown in Fig. 11. This application, not involving desalting, is planned for 
the upper Indo-Gangetic plain and includes two 600 MWe nuclear power stations 
providing electricity for (l) an electrolytic ammonia plant, (2) ~ 25^000 tube 
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AGRO-INDUSTRIAL COMPLEX 

WESTERN UTTAR PRADESH 

INVESTMENT Rs.1333 CRORES 
y 

49,500 Te/Annum' 
716,100 Te/Annum 
448,800 Te/Annum 

1,214,400Te/Annum 

INVESTMENT Rs. 237.1 CRORES 
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1 TOTAL INVESTMENT FOR INDUSTRIAL PLANTS R».425.55 CRORES j 
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TUBEWELL ENERGIZED 
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DEEP 12,850 

AREA IRRIGATED 1.5 MILLION Hectares 
CASH CROPS 13.38 MILLION T« 
CEREALS 7.78 MILLION Te 
PULSES 1.66 MILLION Te 

INVESTMENT Rs. 54.6 CRORES 
ALUMINUM 50 ,000 Te/Annum 

Fig. 11. Schematic Diagram for a Proposed Agro-Industrial Complex for the Western 
Indo-Gangetic Plain. 
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wells, (3) an electric furnace phosphorus plant and (4) an aluminum plant. 
According to the analysis by the IAEC study team such a project can show a 
return on investment as high as 68$. 

FUTURE PROSPECTS 
Agriculture 

The likelihood for the cost of desalted water becoming low enough for 
use in conventional agriculture now seems remote, while its use in unconven-
tional agriculture appears promising. Unconventional agriculture would not 
only include the plastic greenhouses as developed by the University of 
Arizona and being built commercially in Abu Dhabi, but also the food factory 
concept in an agro-industrial complex. 

If we review the irrigation water balance from che 1967 study shown 
in Fig. 12, we can see where the water went and what the associated costs 
were. For example, a 1000 Mgd plant produces 1.0 x 106 acre-feet of dis-
tilled water per year (at a 90$ load factor) with a capability of producing 
over 1.1 x 108 acre-feet, thus loses about $11 x 10B/yr in reduced sales of 
which $ 7 - 5 x 106/yr represents a true loss (charges against capital). These 
losses are based on a water value of 30^ per 1000 gal.9 By capitalizing this 
annual loss at 10$, investing up to about $75 x 106 to eliminate this loss 
would be justified. Similarly, nearly $35 x 106 could be invested to elimin-
ate canal leakage losses and up to $25 x 106 could be invested to eliminate 
storage losses. 

The assumption of 80$ irrigation efficiency in the original study implies 
a loss of nearly $19 x 10s/yr and a justification for an expenditure of up 
to $630/acre to eliminate this loss. Finally, the amount of water productively 
used by the crops is only about 3^$ of the installed plant capacity or about 
half of the water applied to the land, and represents a loss of $38 x 106/yr 
or an equivalent capitalized investment of $126o/acre. 

We can see ways of reducing the losses in most of these categories, for 
example, switching from a sprinkler irrigation system to drip tubes or porous 
underground tubes could essentially assure a 100$ irrigation efficiency. 
Also, these systems perhaps coupled with the use of a ground mulch could 
eliminate most of the non-productive water evaporation losses. Additional 
developmental work and economic analyses are required, however, to verify 
and optimize these potential gains. It does appear that a 1000 Mgd desalting 

9For a water value of 20^/1000 gal. the losses and maximum allowable 
investments would essentially be 2/3 of the values given. 
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IRRIGATION WATER BALANCE FROM 
IOOO MGD DESALTING PLANT 

( WATER VALUE = 3 0 $ / l 0 0 0 GAL.) 

ORNL DWG 70-595U 

$ 3 8 x !QS /YR. 
($ 1260/A) 

$ 19 x IOs /YR. e 

( $ S 3 0 / A ) \ 1 

$ 2 .5 x 10S /YR. t ) 
LOSS IN STORAGE 

1 

$ 3 . 5 x IO s /YR. LOSS J 
IN CANAL LEAKAGE\ | 

r 
$ I I x I 0 6 / Y R . 

TRANSPIRED 
BY CROPS 

APPLIED ON LAND (80 % EFF.) 

TO IRRIGATION SYSTEM 

DELIVERED TO FARM 8/OR STORAGE 

PRODUCTION { 9 0 % L. F.) 

WATER PLANT CAPACITY 

u 
1.4 

1 1 1 I 1 
1.2 1.0 0.8 0 .6 0 .4 0 .2 

I 0 6 A C R E - F E E T WATER PER YEAR 
0 

Fig. 12. 
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plant could serve a much larger irrigated farm than was assumed for the 
1967 study or a sizable reduction in the amount of water required per crop 
can be realized. 

Figure 13 indicates the sort of yield increases that result from 
increasing the atmospheric concentration of CO^ in a greenhouse. Rice yield 
is nearly doubled when the level of C O i s increased from 300 ppm to 24-00 ppm 
while the yield of sorghum is increased by a factor of 3-1/2. With several 
on-site byproduct sources of C02 available in an agro-industrial complex as 
shown in Table and making dual use of the water distribution piping net-
work for C02 distribution, we feel that sizeable yield increases approaching 
those obtained in greenhouses can be achieved. This table shows a range 
of a factor of 5 in the CO^ available from the electric furnace phosphorus 
process. Actually, CO is the waste product; the lower figure represents the 
amount of CO^ available merely by burning the CO in air while the larger 
value is the amount available from burning with surplus oxygen from the 
electrolytic ammonia process and using the heat produced to calcine limestone 
to give additional CO^ plus CaO. The next largest source of CO^ is from 
wheat straw, being over 50 x 10s ft3/day. Also shown in this table, is an 
estimate of the amount of CO^ that might be consumed by two typical crops. 
Comparing this with that potentially available it would appear that the 
crop requirements could be met from on-site supplies of CO^• 

The importance of reducing non-productive water losses and achieving 
yield increases in relation to their effect on the allowable water price 
is illustrated in Fig. 14-. Reducing the water use by one-half is equivalent 
to doubling the allowable cost for water to grow wheat, while doubling the 
yield using the same quantity of water would allow the cost for water to 
increase by a factor of nearly four. These increases are based on the same 
farm investment of $925/acre and a total fixed and operating cost (not 
including water cost) of $110/acre-yr (@ 10$ cost of money). If the invest-
ment is increased by 50$ to allow for the higher cost water and CO^ distri-
bution systems, the allowable increase in the cost of water for the latter case 
would still increase by a factor of about three. 

There are further possibilities foreseen to improve the overall economics 
of the food factory approach using desalted water. Genetic development and 
production optimization of tropical crops appears to provide yield gains 
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Fig. 13. Effect of CO2 Concentration on the Yields of Two Grain Crops. 
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Table 4-. Carbon Dioxide In An A-I Complex 

10° fta/d - CO 
From 

Product Mix VII Sources 
co2 

Available 

Industry-
Electric Furnace Phosphorus 
Aluminum Smelting 

Seawater Pretreatment 
Acid (decompose HC0~) 

Farm 
Wheat Straw 

Uses on Farm 
Rice 
Corn 

2.2 lb C02/lb P 
1.5 lb C02/lb A1 

0.4 lb C02/l000 gal 

1.5 lb C02/lb straw 

Peak Consumption 
800 ft3/Ac-hr 
1600 ft3/Ac-hr 

30 - 150 
18 

8 

54 

n o - 160 
Requirement 

for 300,.000 Acres 
51 x 10s ft3/day 
102 x 10s ft3/day 
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ORNL DWG 70-5955 

COST OF WATER (£ /10 3 gal ) 

Fig. 14. Effect of Changes in Yields and Water Use Efficiency on the 
Break-Even Water Cost for Growing Wheat. 
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similar to those obtained through intensive research on wheat and rice. 
Growing high value seed crops would appear to fit into the intensive manage-
ment concept implied for an A-I complex. With year-round growing climates 
it should be possible to exploit the ratooning characteristic of many plants, 
i.e., obtaining a second or third crop from a single planting thus reducing 
operating costs. 

Industry 
The major electricity-intensive industries have been rather thoroughly 

evaluated in the past studies. The incorporation of heat-intensive or 
steam-intensive processes into a nuclear powered energy center offers some 
possibilities for expanding the energy center concept. Some processes which 
could substitute heat for electricity could materially contribute to de-
creasing the thermal discharge problems. An example of such a process has 
recently been called to our attention by Dr. Marchetti of Euratom and consists 
of a closed system of four chemical reactions yielding hydrogen and oxygen 
from the inputs of water and heat. Further, significant improvements in the 
water electrolysis process also appear promising. Uses for hydrogen and 
oxygen are increasing and particularly with the emphasis on pollution abate-
ment a clean-burning fuel and a chemical reagent like hydrogen could come 
more into large-scale utilization. 

CONCLUSIONS 

Our overall conclusions are that the earlier results are probably con-
servative in spite of the somewhat optimistic cost assumptions used for the 
power and desalting plants. We can now see many possible improvements parti-
cularly in the more efficient use of water in agriculture. On this point 
it may be worth repeating an earlier comment - the widespread application 
of nuclear energy in desalting seawater depends strongly on the use of 
desalted water in agriculture - and its use in agriculture depends strongly 
on learning how to use if efficiently - thus implying this area as a poten-
tially rewarding area for research and development. 

The real tests of the concepts, however, are now in progress as embodied 
in several continuing specific application studies. It is hoped that these 
studies together with proposed financing and organization studies and some 
of the related agricultural work will better define the true potential for 
these concepts in the real world. 


