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Abstract

Food and energy shortages in many parts of the
world in the past two years raise an immediate need
for the evaluation of energy input in food production.
The present paper investigates systematically, (1) the
energy requirament for food production, and (2) the
provision of controlled thermonuclear fusion energy for
major energy intensive sectors of food manufacturing.
Among all the items of energy input to the "food
industry," fertilizers., water for irrigation, food
processing industries, such as beet sugar refinery and
dough making and single cell protein manufacturing,
have been chosen for study in detail. A controlled
thermonuclear power reactor was used to provide elec-
trical and thermal energy for all these processes.
Conceptual design of the application of controlled
thermonuclear power, water and air for methanol and
ammonia synthesis and single cell protein production
is presented. Economic analysis shows that these
processes can be competitive.
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Introduction

Human beings always look for food and shelter for their

existence. About 3.3 billion people in the world suffer from

hunger and malnutrition. This situation improved some-

what in the late 1960"s with the introduction of the so called

"green revolution" from western technology in Asia and Latin

America. Rice production in the Philippines increased at an

average rate of 12.4 percent annually from 1967 to 1972.

Wheat yields increased in Mexico, India, Pakistan and else-

where and rice productivity also increased in selected areas

of the Philippines, Indonesia, India, Pakistan and Latin

(2)
America. Although there is criticism against the "green

revolution" due to a decline of 4 percent of world grain in

1972, * the value of the technology itself should not be

underestimated. Scientists and engineers are always working



to resolve the world food problem. ' In fact, a pleasant

prospect of a second phase of the "green revolution" to

increase food production is underway.

Energy input is a vital factor for crop growth and pro-

duction. No plants can live without solar energy which is a

necessary item for photosynthesis. Besides, modern agricul-

ture; requires heavy energy input in various forms at different

steps of crop production. The application of the "green

revolution" is an energy intensive technology. Agricultural

machines and tractors have replaced human and animal power in

the past 50 years. Intensive application of fertilizers and

irrigation requires a large expenditure of energy. Electricity

contributes a large fraction to the total energy used on

farms. At present, the food processing industry is the

fourth largest energy consumer of the Standard Industrial Clas-

sification groupings. In fact, hardly any food eaten in the

U. S. today is without some amount of energy input.

As the stored energy resources such as oil, natural gas

(9)

(8)and coal become depleted, the "agricultural industry,"

like other industries, will suffer serious losses. Hubbert

12estimated the supply of world coal to be 4.3 x 10 metric

12tons and world oil to be 1.35 x 10 barrels. The world

coal production will start to decrease around 2100 A.D., and
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the world oil production will start to decrease around 2000 A.D.

(8)
Hammond estimated that, if the United States were to use

petroleum for all energy purposes at the present rate of con-

sumption, the known, recoverable U. S. reserves would be depleted

in only 5 years.

Fusion energy is expected to be the ultimate energy

resource. Xt offers the prospect of an environmentally clean,

abundant supply of energy at low cost. The environmental impact

of the fusion reactor is expected to be much less than that of

the traditional fossil fuel reactor and is also less than

that of the fission reactor. The tritium generated would

be circulated and burned within the fusion plant so that its

availability outside the plant would be minimal thus ensuring

that no nuclear weapons would be made of this fusion process

material. Technical feasibility of the fusion reactor will

lead the world into another era of abundant supply of energy.

A general survey of applications of fusion power technology

to the chemical and material processing industry is given by

Steinberg, et al.*46)

Energy input for corn and general food ' pro-

duction have been given in the literature. Application of

nuclear power for an agro-industrial complex was also suggested

— 3 —



in the past. The objectives of the present paper are aimed

at the present food crisis and its remedy through the appli-

cation of abundant fusion energy. The paper attempts to make

a contribution in each of the following three areas:

(1) An in depth systematic study of the energy require-

ment for major crop growth and various agricultural food

processing.

(2) The application of controlled thermonuclear reactor

to various sectors of farming inclading present and advanced

methods and to food processing employing known chemical tech-

nology .

(3) An economic evaluation of some potential chemical

processes which lead to an increase in food production.

Application of Controlled Thermonuclear Energy to Farming

It is reported that in 1975 the demand of world food

will be as follows: all grains 963.1 million tons; wheat,

295.*1 million tons; rice, 228.5 million tons; meat, 92.6

million tons; milk and milk products, 19.2 million tons.

If the world population keeps on growing in a two percent

growth rate, the food demand in the world in 2000 A.D in

terms of million tons will be: grains, 1692; wheat, 518.7;

rice, 401.6; meat, 162.8; milk and milk products, 33,7.

- 4 -



The method of estimation of energy input in the U.S. agri-

culture crop and focd processing can also be applied to the rest

of the world where U.S. type technology is used for food pro-

duction. Hence in the following study, emphasis is on crop

production and the energy input in I he U.S. Before one can

estimate the energy required for food production, it is neces-

sary to know the production rate of crops. In this study, a

variety of important types of agricultural crops are selected,

such as grains, vegetables, oils, and fruit. They involve a

useful range of alternatives for efficiency in water use, sen-

sitivity to water cost, and production of basic or high quality

diets. Table 1 lists the production rate of these agricultural

crops. ' Rice is also included in the table because

more than one billion Asians have rice for their regular

food and 43.5% of the total U.S. rice (about 0.65 million short

tons) was exported to Asia and Oceania in 1970. The selection

of crops here is quite arbitrary and many other crops could have

been considered equally well providing the necessary infor-

mation is available.

Total energy input to the food system in the U.S. in 197C

was about 8.6 quads* (1 quad = 10 Btu) which is abcut 12.8%

(14)of the total energy consumed in that year. Considering

23% of the total energy required for food production was

- 5 _



(12)
used for the production of agricultural crops, it has

been estimated that the energy input to the agricultural food

sector was 500 x 10 kcal in 1970. Further breakdown of

this energy into different subsectors in terms of thermal and

electrical energies is given in Table 2. The percentage split

between the thermal and electrical energies in the subsectors

of agricultural steel, farm machinery and tractors, etc., which

are made of steel is based on these two energy inputs in the

steel industry. Likewise, the thermal and electrical energy

input to the paper packaging subsectoi- is based on the percentage

of these two energies used in paper industry. The percentage

of thermal and electrical energy input to refrigeration and

cooking subsectors is obtained from reference 17. From this

table, one can see that the high energy consuming items are

fuel (10.6%), electricity (2.9%), fertilizer (4.3%), farm

machinery (3.7%), food processing industry (14.2%), steel cans

and aluminum (5.6%), refrigeration and cooking (34.2%). A con-

trolled thermonuclear reactor can directly produce electricity

and steam and their subsequent use for production of methanol

(18)
as a liquid fuel has been investigated. ' The electricity

generated and methanol manufactured can be directly used in

the subsectors of fuel, electricity, refrigeration and cooking.

Application of methanol as a fuel has been discussed in the

literature " and will not be discussed further here.

- 6 -



Therefore, we she.ll restrict the following discussions to the

energy requirement and the application of fusion energy to the

two sections of food production: on the farm and in the food

processing industry.

To be more specific, in energy inputs in various items

for crop growth, energy breakdown for corn, wheat, and soy-

beans are presented in Table 3. ' ' Corn is chosen because

it is king of all crops and its production record is much

above the others. Wheat is the most important food crop of

the world, and first in the United States.*4* p'44* Soybean

has a very high protein content per unit weight. As shown

in Table 3, next to electricity and fuel, the major energy

requirement for crop growth is in supplying fertilizers and

water irrigation.

Farm machinery and tractors are related to steel produc-

tion and the application of controlled thermonuclear energy
(47)

in the steel industry has been discussed previously.

Seeds for planting are recycle processes and will not be dis-

cussed further in this paper.

Figures 1-3 show the projected demand and production of

three kinds of fertilizers - nitrogen, phosphorus and potassium.

Projections for coming years are obtained by linear regression

analysis from data of past years which are available from

reference 22. The production and demand of nitrogen fertilizer

•• 7 —



are higher than those of potassium and phosphorus fertilizers.

(23)

Taking corn as an exo,T~iD for crop or™-'1-1- Shuler indi-

cated that quantities of fertilizers are used more than needed

and suggested possible ways for energy saving in farming.

Energy requirements for ammonia synthesis varies from 4.55 to
(24)8.35 kwh(t)/lb depending on the type of feedstock materials.

With the shortage and depletion of petroleum and coal, a con-

ceptual design of an ammonia synthesis plant from air, water

and nuclear fusion power is proposed. Figure 4 is a schematic

flow diagram for methanol and ammonia synthesis. The methanol

synthesis from these materials have been discussed in the

literature ' and will not be repeated here. In order to

compare this ammonia synthesis process with other processes pro-

posed in reference 24 on the same basis, material and energy

balances for a 330,000 short tons/year (1,000 short tons/day

NH ) plant are evaluated. About 1,300 short tons of air/day

which is composed of 0.7 short tons/day carbon dioxide and

972 short tons/day nitrogen is needed for feed to the system.

Hydrogen in the amount of 207 short tons/day is obtained from

electrolysis of water requiring a flow of about 1,864 short

tons/day. Separation of nitrogen from air is obtained by the

available process of cryogenic cooling and distillation of
(26)

air. Energy required for separation of nitrogen is
0.0403 kwh(e)/lb NH-. Using an 80% efficient cell, energy

- 8 -



required for electrolysis of water is 4.14 kwh(e)/lb NH .

Combining 0.212 kwh(e)/lb NH for ammonia synthesis* 7^

with the above two items, the total energy required for ammonia

synthesis is estimated to be 4.39 kwh(e)/lb NH , 94.31% of

which is due to electrolysis of water. To obtain a production

rate of 1000 short tons/day NH , the total energy required is

(3)estimated to be 366 megawatts. The capital investments for

the nitrogen separation unit and the ammonia synthesis unit are

(28) (29)

3.5 million and 3.1 million dollars respectively. Unit

capital investments for power plant and electrolyzer are taken

as $350 and $29/kilowatt respectively. Combining with the

costs of cooling tower, labor and supervision, catalysts

and 10% fixed cost, it is found that the production cost of

ammonia by this process is $61.05/ton NH which is competi-
(24)

tive with some other processes proposed. Using a six-

tenth factor to escalate the capital investment for larger

size plants, one can show as in Figure 5, the ammonia production

cost as a function of plant capacity for six different, energy

raw material feed stock supplies, five of which are examined
(24)by Strelzoff and one is the proposed process using nuclear •

fusion, air or the oceans. Production cost decreased almost expo-

nentially as plant capacity increases for all the processes.

Except for the feed stocks of natural gas and naphtha steam re-

forming, the proposed nuclear process can produce ammonia at

- 9 -



a lower cost than the other processes. As petroleum and natu-

ral gas supplies are depleted toward the turn of the century,

the proposed nuclear based process appears to be a viable

alternative. Figure 6 shows the production cost of ammonia as

a function of energy cost for a plant capacity of 1,000 tons/

day. When fossil fuel energy cost is less than $1.80 MMBtu,

ammonia produced from the present process costs less than all

other processes from various feedstocks except that from natural

gas. As energy cost exceeds $1.80/MMBtu, the nuclear based

process becomes the most economic process.

The raw material for phosphorus fertilizers is based on

phosphate rock which can be processed to produce various products:

superphosphate, phosphorus, triple superphosphate, phosphoric

acid, etc. The four major processes are acidulation, electric-

furnace reduction, calcium metaphosphate calcination or defluo-

rination. The energy requirements for three different commer-

cial phosphorus manufacturing processes - (1) continuous den

superphosphate process, (2) continuous TVA granular triple

superphosphate process, and (3) electric furnace phosphorus

process - are 0.2, 76 and 3460 kwh(e)/ton respectively. The

first two processes are acidulation processes which utilize

sulfuric acid and phosphoric acid for phosphate rock decom-

position. A conceptual design of the application of controlled

thermonuclear energy for phosphorus production is shown in

- 10 -



Figure 7. In this process, phosphate rock is dried and fused

in a rotary kiln to produce nodules. The fuel used is the

flue gas from the electric furnace which contains 50% carbon

monoxide. Next the nodules are mixed with dried coke and

silica to produce furnace burden which is fed continuously to

an electric furnace which can be powered with the output from

a controlled thermonuclear reactor. Phosphorus generated in

the electric furnace is carried out by the carbon monoxide off-

gas to the dust precipitator where impure dust is collected.

Phosphorous vapor is then condensed in liquid form in a spray

condenser.

Most of the potash fertilizers in the U.S. is obtained

from brine through a solar evaporation process. Therefore,

the input of man-generated energy is relatively less in the

potash industries as compared to the nitrogen and phosphorus

industries. For example, in one potassium chloride manufac-

(28 p.295)

turing process, r electrical energy required to pro-

duce one ton of potassium chloride is 50 kwh(e). The off-

peak power from a nuclear fusion power plant can be used in

processes for the production of potassium. In the event of

a shortage of minerals in the future, extraction of phosphorus

and potassium from the sea with nuclear fusion energy can be

considered as another alternate source.

- 11 -



Irrigation requires significant energy input as seen in

Tables 2 and 3. Representative water requirements for ten

crops are given in Table 4. Dry beans require the least quan-

tity of water with an average of 20 inches per acre per crop-

ping season while citrus requires the highest amount with an

average of 50 inches per acre per cropping season. It has

been estimated ' that the amount of water use has increased

nearly exponentially since 1900. In 1900, the total water used

and that used for irrigation was 40.19 and 20.19 billion gal-

lons per year respectively and the quantities that came from

ground water were only 7.28 and 2.22 billion gallons per year

respectively. Besides irrigation, other water uses include

public water utility uses, self-supplied uses such as indus-

trial steam electric utilities, and other rural and domestic

uses. Other water sources aside from ground water are from

rivers, lakes and precipitation. Estimation of the water

needed for total use and for irrigation in the year 2000

would be 920 and 320 billion gallons per year respectively.

Figure 8 gives an illustration of this. Desalination of sea

water to obtain fresh water has been investigated extensively

in the past decade. Various chemical engineering process

techniques have been applied. Table 5 shows the energy require-

ment for fifty million and one million gallon/day of fresh

water produced by various desalination processes. No thermal

- 12 -



energy is required for reverse osmosis, electrodialysis and

vacuum freeze-vapor compression processes. The most efficient

process energy wise is the electrodialysis v<-'ocess which pro-

duced 9.8 million gallons of water per day per megawatt electric

energy used. However, this process does not appear to be

technically less difficult than the other processes.

Desalination of sea water by means of nuclear energy and

the application of pure water to agriculture has been investi-

gated rather extensively. * Technical and economical

analysis of different water desalting processes can be found

in reference 33. The fusion reactor is an advanced type

reactor and it provides a recoverable fuel in contrast to other

reactors presently used. The economics of desalination with

fusion reactor has not been studied before and it is interesting

to investigate its possibility here. Prom Figure 8, it is pro-

jected that use of ground water for irrigation in 2020 in the

U.S. is about 102 billion gallons and the total water required

for irrigation is about 600 billion gallons. The supplement

of the deficient quantity of about 498 billion gallons per

year (the maximum supplied amount) can be obtained through the

process of desalination. Economic analysis of two desalination

processes (multistage flash process and reverse osmosis)

coupled with fusion power plant are evaluated here. The

multistage flash distillation process (MSFD) is chosen because

- 13 -



it is the most well developed process and its economics is

more reliable. Revt :se osmosis is likely to be the only non-

distillation process available. The present evaluation on the

desalination pl&.:tt parallels reference 33. With a plant capa-

city of the multistage flash process of 50 million gallons/day,

the number of plants required to produce 498 billion gallons

of water per year is about 30 and the total energy required is

about 4790 MW(e). To supply the same quantity of water by a

reverse osmosis plant of a million gallons per day, the number

of plants required is about 1509 and the total energy required

is 669 MW(e). Table 6 is the capital investment and production

cost of a 315 million gallon/day multistage flash process desali-

nation plant together with a power plant of 1000 MW(e) capacity.

Capital investment of the desalination plant is based on a unit

of 50 MGD and then scaling up to a large plant by an exponent

(34)index of 0.874. Of the capital investment, 13% per year

is used for evaluation of the operating cost of the power plant

and 6.2% per yeax is used for desalting plant. Water production

cost from this process is estimated to be 71.2 cents/kgal.

Table 7 is the capital investment and production cost of 2256

MGD reverse osmosis plant together with a 1000 MW(e) power

plant. Capital investment of pumps and turbines are obtained

by scaling up from a 10 MGD plant using a six-tenth capacity

- 14 -



exponent. Operating cost of the desalting plant is obtained

by taking 5.7996 per year of the capital investment. Water

production cost from this process is 28 centAgal. Comparing

these two processes, it is seen that the reverse osmosis

process is a more economic process from an energy utilization

point of view. However, the capital investment of the reverse

osmosis plant is about double that of the multistage flash

process plant and the cost reliability of the reverse osmosis

plant is less certain. It is difficult to predict whether the

cost would be acceptable for irrigation by farmers because of

many political and social influences, such as inflation, reces-

sion, world food crisis, population and other uncertain factors.

However, in arrid places, people are forced to pay for water at

high cost.

Use of Controlled Thermonuclear Energy for Food Processing

Among the energy requirements of various subsectors for

the food processing industry in Table 2, it is seen that 36.6%

of the subtotal energy in processing industry is used for food

processing. The next greatest energy consuming industry is

the production of steel and aluminum mostly for cans which

have been discussed in a separate report with requirements of

(47)
CTR. Table 8 shows the electrical and non-electrical

energy (fossil fuel) used for various food processing indus-

tries in 1967.*i6) Meat packing, fluid milk, canned fruits

- 15 -



and vegetables, and beet sugar are among those industries

that consume the largest amount of energy . Both electrical

energy and thermal energy can be obtained from a controlled

thermonuclear reactor and therefore investigation of the

incorporation of a fusion power plant with the food industry

seems to be possible. In the present paper, a few examples

rather than the entire food processing industries are

illustrated for the application of fusion energy. Figure 9

shows the application of steam and electrical energy from a

fusion power plant to dough (bread) processing industries.

Thermal energy is required in the fermentation, proofing and

baking steps while electrical energy is used to run all the

equipment.

In the following, we shall concentrate our discussion

on one food processing industry - sugar beet processing.

Figure 10 shows the application of fusion energy to the sugar

beet processing industry. Energy required in the sugar beet

industry is mainly for physical operations in the form of heat

for juice concentration and evaporation as well as for drying

of molasses. In order to save energy, modification of the

evaporation, crystallization units, etc., may be helpful.

Production of sugar beets in the U.S. increased from about 9

million short tons in 1930 to 27 million short tons in 1970.

- 16 -



Projection of beet sugar production in 2020 reveals that it !

requires 95 x 10 tons/year. With the energy requirement for

beat sugar refinery as 1.76 kwh(t)/lb {6000 Btu/lb),(35' 36) f

one estimates that the total energy required to produce this [j

3 I
amount of sugar vould be about 106 x 10 MW(t) which is an |
appreciable quantity of energy. Hence one can see that jj

I
unless improvement of various unit operations is carried out, J

a large fusion power plant is necessary for the sugar refin- |
ji

ery. A fusion power plant of 1000 MW(e) capacity can pro- |

duce 2.73 x 10 tons/day of refined beet sugar. With a unit I

capital investment of power plant to be $400/kw and 15% capital i
ii

charge per year, itsis estimated that the contribution of the jj

power plant to the production cost of beet sugar is about j>

$67.00/ton. Cost of r w sugar beets is taken to be $16.00/ton }
(37) •'

ton. Eight tons of sugar beets are required to produce j

one ton of sugar and, therefore, the contribution of sugar |

beets to the sugar production cost is $128/ton. Other contri- >i

butions to the sugar production cost are limestone, $2.30/ton; ij

sulfur, $3.60/ton; water $0.30/ton. Summing up all these items,

one can then obtain a total cost for sugar production as j

$201.20/ton with the application of fusion energy to the sugar H
8

beet industry. This production cost is within the range of ji
normal sugar price. Of course, other factors such as $

- 17 -



international politics, weather conditions, and the energy

crisis will have an effect on the price of sugar as well.

The frozen food industry has been developed spectacu-

larly in the U.S. since 1925. There are several phases

of the freezing process. The first phase consists of chilling

the product to its freezing point. During the second phase,

the actual freezing, the temperature of the commodity remains

practically constant. The third phase is the lowering of the

temperature of the frozen product to that required for its

storage, which is usually considerably below the freezing point.

The amount of heat (plus latent heat of the fusion) that will

have to be removed during the second phase, the freezing process,

will vary from as little as 22 Btu/lb for dried beef to 124 Btu/

lb for milk and 144 Btu/lb for water; fruits and vegetables

are in the range of 100-134 and fresh meats in the range of

66-100 Btu/lb. Electrical energy from fusion power plants can

be directly applied to these processes.

Use of Controlled Thermonuclear Energy for Synthetic Food

Idle land for agriculture in the U.S. decreased from 37

million acres in 1971 to alomost zero in 1974.{39 P*579"584)

Unless other physically available land is developed for agri-

culture now, it will be necessary to develop some other methods

for food production. Synthetic foods such as textured foods

(41)
and single call protein have been developed on a commercial

- 18 -



scale. Textured foods are bbtained by fiber spinning or extru-

sion of vegetable protein to simulate meat products and are

readily accepted oy the public.

Scientific and technological studies on single cell protein

show that organisms including bacteria, yeast, fungi and algae

can grow on various kinds of substrates such as methanol, methane,

n-paraffin, gasf oil, ethanol, carbohydrate and carbon dioxide.

Energy requirements per unit cell weight for single cell protein

(42)
manufacturing by various substrates are estimated as follows:

molasses, 0.25-05 kwh(e)/lb; n-paraffins, 0.6-1.2 kwh(e)/lb

gas oil, 0.6-1.2 kwh(e)/lb; and methanol, 0.3-1.0 kwh(e)/lb.

Protein contents are considered to be acceptable for human

and animal food.

Most of the fermentation processes for single cell pro-

tein growth have been successfully developed based on sub*

strates of petroleum derived hydrocarbons. When petroleum

will run low in the future, substrates which can substitute

for petroleum should be developed and evaluated. Carbon

(44) (45)

dioxide and methanol are two good substrates which

have been used to grow single cell protein in industrial

scale. Since we have developed a process for methanol syn-

thesis from electrolytic hydrogen and atmospheric or aquatic
(18)

carbon dioxide and aprocess for ammonia synthesis as

shown in Figure 4, it is then proposed to extend this process
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to the manufacture of single cell protein as shown in Figure 11.

Methanol and ammonia preduced are passed in to the fermenter

after sterilization together with oxygen from the electro-

lytic cell as well as microorganisms. After the cells have

grown, they are then separated, centrifuged, spray dried and

pelletized to make powder or pellet products. It is inter-

esting to know the energy requirement for this single cell

protein production process. Table 9 shows the quantities of

substrate, ammonia and energy required for a 10 tons/year

single cell protein plant by three different feed stock

materials. At present, the maximum single cell protein plant

has a capacity of 10 tons/year. Using a dilute potassium

carbonate solution as a means for carbon dioxide recovery and

methanol synthesis, the total energy required to produce

2 x 10 tons/year of methanol is estimated to be 197 MW(e) .

Energy required for ammonia synthesis and single cell protein

manufacturing have been illustrated before. A power plant

with 1000 MW(e) capacity can run four such plants. Because

of the limitation of petroleum resources and hence its end

use for other purposes as a fuel rather than substrates,

n-paraffin may not be the best feed stock for single cell

protein manufacture from the energy efficiency point of view.

A cost evaluation of the present single cell protein

process with fusion energy is given in Table 10. The basis
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for the capital investment of the power plant, electrolyzer,

carbon dioxide separation unit and methanol synthesis plant

is obtained from reference 18. The nitrogen separation unit

and ammonia synthesis are discussed above in this paper. In

the production cost, depreciation is taken over 15 years.

Operating, maintenance and overhead are c^ken to be 10% of the

total capital investment while sales expenses are taken to be

4% of the total capital investment. It is seen that this

process is competitive with fish meal production cost.

Summary

Pood production in the U.S. has been shown to be an

energy intensive industry. An approach to the distribution

of energy has revealed that fuel, electricity, fertilizer,

irrigation and food processing are among the highest energy

consumptive items. To maintain food production for human

needs, an ultimate energy resource such as fusion power is

proposed. The major energy inputs to food production such

as electricity and fuel can be obtained from a fusion power

plant and methanol synthesized from carbon dioxide in the

air or in sea water together with fusion energy. Application

of fusion power to nitrogen, phosphorus and potash fertilizers,

water irrigation is discussed. These are shown to be eco-

nomically viable as the supply of fossil fuel decreases and
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energy cost increases. Although the projection and economic

analysis are based on demand in 2020 A.D., similar methods

can be used for nearer term estimates. Use of controlled

fusion for some typical food industries such as sugar beet

refining and single cell protein manufacturing are also

presented. Cost analysis shows that single cell protein

production from air, water or sea water and fusion power would

provide food stocks competitive with fish meal production.
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Table 1

PRODUCTION OP CROPS IN U.S.

year

1966

S.7

1.2

27.8

20.0

19.9

39.3

306.0

6.6

1S8.0

85.0

1969

S.9

1.3

33.8

20.9

18.9

43.8

311.0

7.6

176.0

90.0

1971

6.4

1.5

35.1

25.1

16.1

49.1

316.0

7.9

213.0

84.0

Tomatoes (mil tons)

Peanuts {mil tons)

Soybeans for beans (mil tons)

Sorgnum (mil tons)

Dry beans (mil cwt)

Wheat (mil tons)

Potatoes (mil cwt)

Citrus (mil tons)

Corn (mil tons)

Rice (mil cwt)
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T a b l e 2

ENERGY BREAKDOWN FOR FOOD PRODUCTION IN U . S . IN 1970

Components

On Farm

12
Energy x 10 kcal

Electrical Thermal

Fuel (direct use)
Electricity
Fertilizer
Agricultural Steel
Farm Machinery
Tractors
Irrigations

Subtotal

53.4

Processing Industry

Food Processing Industry
Food Processing Machinery
Paper Packaging
Glass Containers
Steel Can and Aluminum
Transport (fuel)
Trucks and Trailers (manufacture)

Subtotal

7.1
0.2
0.7
0.9
4.8

2.9
16.6

63.8
1.2
8.0
9.9

23.3
56.8
14.1
177.1

Commercial and Home

Commercial Refrigeration and Cooking
Refrigeration Machinery (home & comm.)
Home Refrigeration and Cocking

Subtotal
Grand Total



Table 3

ENERGY INPUTS (Btu) IN CORN, WHEAT, AND SOYBEAN PRODUCTION-1970

Labor

Machinery

Gasoline

Nitrogen

Phosphorus

Potassium

Seeds for Planting

Irrigation

Insecticides

Herbicides

Drying

Electricity

Transportation

Corn

19,443

1,666,560

3,162,500

3,733,000

186,900

269,800

250,000

134,900

43,700

43,700

476, 200

1,230,100

277,800

Wheat

9, 750

835,000

531,000

1,665,000

151,000

625,000

250,000

43,700

43,700

87,000

1,230,000

63,500

Soybean

19,500

1,670,000

1,125,000

212,000

229,000

250,000

135,000

43,700

43,700

36,000

1,230,000

63,500

Total inputs 11.49x10 5x10 5.1x10

See reference 6

See reference 19
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Table 4

IRRIGATION WATER REQUIREMENTS FOR TEN CROPS

Units are in inches per acre per cropping seasons
(1 inch per acre par cropping season = 27.2xlO3 gal/year)

Crop Low Medium High

24 30

40 50

30 35

40 50

35 40

30 40

20 25

25 30

24 32

50 60

30 35

318 392

Tomatoes

Cotton

Soybeans

Safflower

Peanuts

Sorghums

Dry beans

Wheat

Potatoes

Citrus

Corn

Total

18

30

25

30

30

20

15

20

16

40

25

244
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Table 5

CAPACITY, ENERGY REQUIREMENT OF VARIOUS DESALINATION TECHNIQUES

Desalination Process
Water Produced

gal/day
Energy Required

kw(e) kw (ti

Multistage Flash Process 50x10

Vertical Tube Evaporation 50x10
Multistage Flash Process

Vacuum Freeze-Vapor 1x10
Compression Process

Reverse Osmosis 1x10

Electrodialysis 1x10

14,580

8,330

1,458

443.2

102.4

3.60x10'

3.81x10"

See reference 33
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Table 6

CAPITAL INVESTMENT AND PRODUCTION COST OP 315 MGD WATER PLANT
BY MULTISTAGE PLASH DISTILLATION

BA5i5D ON 50 x 10 6 GAL/DAY PLANT - 0.315 MGD/MW(e)
330 DAYS/YEAR OPERATION

POWER PLANT CAPACITY = 1,000 MW(e)

Capital Investment Operating Cost
Item $10"

(1) Power Plant from 400
Fusion Reactor
1,000 MW ($400/kw)

(2) Desalting Equipment
Evaporator Shells 68
Evaporator Tubes 98
Brine Heater 7
Ejectors & Condensors 1
Pumps & Drives 12
Instrumentation 3
Piping & Valves 11

(3) Water Treatment 5
(Deaerator, Scale Control
and Chlorination)

(4) Indirect Capital Costs 35

(5) Land Costs 7

(6) Working Capital

Total Investment 652

Item

(1) Power Plant 50

(2) Desalting Plant 15

(3) Operating & Main- 1.5
tenance
(10% of desalting
capital)

(4) Supplies & Chemicals 4.7
(30% of desalting
capital)

Total 71.2

See reference 33
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Table 7

CAPITAL INVESTMENT AND PRODUCTION COST OF 2256 MGD WATER PLANT
BY REVERSE OSMOSIS PROCESS

BASED ON 10 MGD PLANT - 2.256 MGD/MW(e)
330 DAYS/YEAR

POWER PLANT CAPACITY = 1,000 MW(e)

Capital Investment Operating Cost
Item $10

(1) Power Plant from 400
Fusion Reactor
1, 000 MW ($400Aw)

(2) Desalting Equipment
Pressure Vessel & 498

Membrane Assembly
Pumps and Drives
Power Recovery Turbine
Instrumentation
Piping

(3) Water Treatment
Filter & Aerator
Acid pH Control

& Chlorinator

(4) Indirect Capital Costs 87

(5) Land Cost 5

(6) Working Capital 6

Total Investment 1174

Item ef/kgal

(1) Power Plant

(2) Desalting Plant

7

6

I3) Operating & Maintenance 5
(80% desalting plant)

11
6
8

112

40
1

(4) Cheuicals
(160% of
plant)

Total

& Supplies
desalting

10

28

See reference 33
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Table 8

ELECTRICAL AND NON-ELECTRICAL ENERGY CONSUMED
IN VARIOUS FOOD PROCESSING INDUSTRIES IN 1967

Items
Electrical Energy
million kwh(e)

Non-Electrical Energy
(fossil fuel)

million kwh(t)

(1)
(2)

(3)
(4)
(5)

(6)

(7)
(8)
(9)

(10)
(11)

(12)

(13)
(14)

(15)
(16)
(17)
(18)
(19)
(20)

(21)
(22)
(23)
(24)

(25)

(26)
(27)
(28)
(29)

Heat packing plants
Sausages and other
prepared meats
Poultry dressing plants
Creamery butter
Cheese, natural
and processed
Condensed and evaporated
milk
Fluid milk
Canned specialties
Canned fruits and
vegetables
Frozen fruits and vegs.
Flour and grain mill
products
Prepared feeds for
animals and fowls
Wet corn milling
Bread, cake and related
products
Cookies and crackers
Raw cane sugar
Cane sugar refining
Beet sugar
Confectionery products
Chocolate and cocoa
products
Chewing gum
Malt liquors
Malt
Distilled liquor,
except brandy
Bottled and canned
soft drinks
Soybean oil mills
Animal& marine fats & oils
Shortening and cooking oils
Roasted coffee

2503
646

863
298
331

331

2509
310
863

1387
1229

1557

496
1435

403
105
68
110
612
268

76
1011
196
212

595

857
362
522
264

20625
4072

3957
4507
2632

7573

16280
4254
9837

4866
3352

12185

17215
12447

2523
3044
9090
21107
2071
1660

247
10900
2321
7540

7402

9420
7746
7771
2247

See reference 16
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Table 9

SUBSTRATE, AMMONIA AND ENERGY REQUIREMENT FOR 10 TONS/YEAR SINGLE CELL
PROTEIN PLANT BY VARIOUS PEED STOCKS

Process

Minimum substrate
required
tons/year

Ammonia Energy required for Energy required
Required NH3 synthesis - from for SCP plant
tons/year air & H20 - MW(e) MW(e)

1
w

Molasses (50%
assimilable
carbohydrates)

n-paraffins

4x10'

10"

0.24x10"

0.12x10"

36.7

13.35

38.4

22.7

methanol 2x10" 0.14x10" 15.58 32.8



Table 10

CAPITAL INVESTMENT AND PRODUCTION COST OF SCP PLANT (3x10 T/YR) FROM
AIR, WATER AND NUCLEAR FUSION POWER, 1,000 MW(e) IN 1974

Capital Investment

(1) Power plant

(2) Electrolyzer

(3) Power plant & electrolyzer

400 $/Rw

28.5

Subtotal

$106

428.5

(7)

(4) CO 2 separation unit 10' lb/hr 2793 $/bbl/day

(5) CH3OH synthesis plant 13.1xlO3 bbl/day-2786 $/bbl/day

(6) N_ separation unit 105 tons/day

NH_ synthesis 127 tons/day

Total

36.6

36.5

0.5

10.8

542.9

Production Cost

Raw material

Depreciation (15 yrs)

Operating, maintenance, overhead (10%)

Sales expenses (4%)

Total production cost

Before tax profit

Price/ton

$/tpn

0

120.60

180.95

72.38

373.93

49.03

423.00

Fish meal price 424.00

- 35 -



FIG. 1. - COMPARISON OF TREND PROJECTIONS AND
FORECASTS FOR FIXED NITROGEN DEMAND
AND PRODUCTION
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FIG. 2-COMPARISON OF TREND PROJECTIONS AND
FORECASTS FOR PHOSPHOROUS DEMAND
AND PRODUCTION
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FIG. 3. - COMPARISON OF TREND PROJECTIONS AND
FORECASTS FOR POTASSIUM DEMAND AND
PRODUCTION
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FIG 4 SCHEMATIC FLOW OIAGRAM FOR METHANOL AND AMMONIA SYNTHESIS BY AIR. WATER AND CONTROLLED THERMONUCLEAR POWER



FIG.5-AMM0NIA PRODUCTION COST vs.
PLANT CAPACITY USING DIFFERENT
RAW MATERIALS
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2 0 0

FIG. 6-AMMONIA PRODUCTION COST FOR VARIOUS FEED
STOCKS VS.COST OF FUELS
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FI6.7 SCHEMATIC FLOW SHEET FOR PHOSPHORUS, PHOSPHORIC ACID MANUFACTURING BY ELECTRIC FURNACE
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FIG. 8-WATER USE IN U.S.A.
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FIG. 9 DOUGH (BREAD) PROCESSING WITH CTR FUSION THERMAL a ELECT. ENERGY
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FIG.IO SUGAR BEET PROCESSING WITH CTR FUSION THERMAL AND ELECT. ENERGY

PULP PRESS WATER

MOLASSES

MOLASSES
DRIED PULP

RAW FIRST
JUICE CARBONATION

CO,
GAS SECOND

CARBONATION

THIN JUICE
80ILER

EVAPORATOR

ALL ELECTRIC
MOTORS

- 45 -



FIG II FLOW DIAGRAM FOR SINGLE CELL PROTEIN MANUFACTURE WITH AIR,WATER AND CONTROLLED THERMONUCLEAR FUSION POWER

FLASH
MIW

cm
FUSION

RE term


