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Review 

Considering the recent extensive national publicity given the problem of 

economically desalting sea water, a discussion of the importance of finding a 

solution is not necessary. It is now generally realized that the future eco

nomic development of many areas of the world, including parts of the United 

States, will depend directly upon answering the age-old question of how to ex

tract fresh water from the sea at a cost man can afford, 

All of the many known methods of producing fresh water from salt water 

require considerable energy, and the cost of this energy is a major portion of 

the production cost. This fact, and recognition of the problem of our limited 

fossil fuel supply, have stimulated considerable interest in the possibility 

of using solar energy as a power source for a demineralization system. This 

interest began some time ago. In fact, the largest solar still ever constructed 

was built in 1872 (1). However, following this effort there was a long period 

of only minor interest and few experiments. Most of the accelerated present 

day investigation began after the publication of the Office of Saline Water's 

II 

Research and Development Report, Number 4 by Dr. G. 0. G. Lof in 1954 (2). In 

that report, an analysis was made of all the suggestions that had been made up 

to that time for possible methods of utilizing solar energy to desalt sea water. 

It was concluded that the approach holding the most promise for solar energy 

was the use of the simple solar still containing the collector, evaporator, and 

condenser in a single unit. This type of still is illustrated in Figure 1 and 

will be designated as the conventional solar still. Many such stills have been 

constructed and studied in the last few years. These studies included varia

tions of the conventional configuration and the use of many different materials, 

including extensive investigation into the use of plastics. It has now been 

fairly well established that at favorable locations such stills could produce 
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potable water for about $1.00 per 1000 gallons if a type of construction is 

used which allows rather long amortization periods (3). These cost estimates 

are encouraging for some areas as they are as good as, or better than, esti

mates for fossil fuel systems in use today; but the cost of $1.00 per 1000 

gallons is still far from being competitive with even rather expensive muni

cipal water (i.e., 20 to 40 cents per 1000 gallons), and the need for a less 

expensive approach is evident. 

There have been investigations into using solar energy in systems other 

than the conventional still. Most of these investigations have been into 

multiple-effect evaporation systems (i.e., systems which reuse the heat of 

condensation for further evaporation). The most recent extensive investiga-

tion of this sort is that of Dr. Werner Grune at Georgia Institute of Technology. 

Dr. Grune's investigations have been concerned mainly with a multiple-effect 

system which utilizes a collector-evaporator unit similar to a conventional 

solar still, except air is blown through the still to provide forced convection 

and external condensation is used to allow multiple-effect operation. He gives 

cost estimates for this system on a 100,000 gallons-per-day scale as low as 

$1.96 per 1000 gallons (4). As an extension of this system, Dr. Grune has out

lined a system similar to the one to be described in this paper in that it 

uses a three-component scheme, separate energy collection, evaporation, and 

condensation. His system, however, differs considerably in the concept of 

these three components. For his three-component system, Dr. Grune gives a 

cost estimate as low as $1.23 per 1000 gallons. This is an encouraging esti

mate for a system just beginning to be investigated and points toward utilizing 

solar energy in systems other than the conventional solar stills. 

The system to be described here was developed, not as an improvement on 

any existing system, but rather as an independent investigation of certain 

possibilities considered as a result of basic micrometeorological studies. 
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Institute of Atmospheric Physics Multiple Effect System 

One of the major problems in utilizing solar energy is that of providing 

a collector inexpensive enough to prevent the cost of collecting the energy 

from being so high that using another form of energy is desirable. Frqm studies 

of the heat balance of a thin layer of water on a dark surface it was concluded, 

with certain restrictions, that an effective collector could be provided by 

merely applying a transparent evaporation-suppression film to the surface of 

such a layer of water. The restrictions were that the film not interfere 

significantly with transmission of radiant energy into the water and that the 

water be circulated through a heat sink fast enough to maintain the radiation 

and sensible heat losses below a desired level. To test this theory, a series 

of experiments were made using black trays with varying depths of water. On· 

some of the water surfaces clear 0.002 inch polyethylene films were.placed. 

These trays were not connected to a heat sink, but the water did heat as pre

dicted from the heat transfer equations, and the results seemed to indicate 

the desirability of such a simple collector. An example is given in Figure 2. 

The tray with the evaporation-suppression film heated to 155°F while the un

covered water layer heated to only 98°F due to the loss of energy by evaporation. 

Assuming that such a collector might be of value in a distillation 

system, the next step was to design an inexpensive, but effective, evaporator 

to utilize the collected energy. Again appealing to micrometeorological studies, 

the simplest evaporator is a free surface of water. It can be shown that a 

plane surface of water, much smaller than that of the collector, can utilize 

by evaporation, under conditions of forced convection, all the energy supplied 

by the collector. This means that the heat sink can be simply a free surface 

of water if air is blown over the water at a critical velocity. If a top is 



'( 

-4-

placed over the water and the airflow is directed counterflow to the water

flow, the result is an inexpensive evaporator. A mathematical model of such 

an evaporator was developed, cost estimates were made, and the results seem 

to indicate a unit of considerable economic advantage over standard extended 

surface evaporators. 

The component remaining to complete a distillation system is an effective 

means of recovering the pure water vapor added to the air in the evaporator. 

To do this, the air can be directed to enter a condenser where it gives up the 

vapor as distilled water. This condensing phase presents a problem in that 

the heat exchange between the air and the surfaces on which the condensation 

occurs is such that large condensing areas are necessary for appreciable water 

production. It is this necessarily large condensing area that has caused some 

investigators to reject any solar system using external condensation as too 

expensive. What is needed is a large condensing surface at a small cost. One 

possibility suggested from cloud physics is a spray of many small water drops. 

The condensation can occur on the large (total) surface area of the drops. 

Mechanical and air conditioning engineers have used such an approach for some 

time in steam engines with injection condensers and in air washers modified to 

remove moisture from the air, but the technique has not been used for low

temperature-difference heat transfer as part of a solar still. Using this 

method, the condenser would be simply an extension of the cover ove~ the eva

porating surface with a system for injecting a cooled distilled water spray 

into the air stream. 

The original supply of injected water would heat as it collects the produ~t 

water in the condenser, and the total water would be circulated to a water-to

water heat exchanger to be cooled by the feed water for the collector. The 

excess water would then be separated as the product water, and the original 
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supply reinjected into the condenser. This approach, again, seems to offer 

economic advantages over previously used methods; and it was chosen to 

complete the system. 

A theoretical flow diagram for such a system is illustrated in Figure 3. 

The temperatures are for example only and do not represent predicted average 

values. 

The salt water enters the collector at point (a) and is heated to 120°F. 

At point (b) it enters the evaporator and flows counter-flow to the air stream. 

Five percent of the water evaporates, and the remaining 95 percent is dis

charged at point (c) as brine at 80°F, the temperature it has cooled to by 

evaporation. 

The air enters the evaporator at point (d) at 70°F. It picks up moisture 

and is heated until it reaches point (e), where it is close to saturation at 

120°F. At point (e) the blowers move the air into the three-stage injection 

condenser. The air gives up its moisture by condensation and is cooled to 

70°F at which temperature it reenters the evaporator. 

The injection water is circulated to the heat exchanger (f) at 110°F. 

The 60°F intake sea water cools the injection water to 65°F while the intake 

water heats up to 105°F at which temperature it enters the collector at (a). 

The product water comes out as the excess injection water at point (g). 

For this particular exsmple, it is easy to see that 20/60 or 1/3 of the 

energy has been discharged in the brine to provide the driving gradients for 

the system, and 2/3 of the first cycle energy is available for a second effect. 

Preliminary cost estimates were made for the complete system, and the 

results were encouraging enough to warrant experimental investigation. The 

first model was constructed at the Institute of Atmospheric Physics as 

diagraroed in Figure 4. 
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The collector is an 18 ft long strip of black asphalt with 2 in sides. 

The collector is filled with water, and a 0.002 in clear polyethylene film 

is held securely on the water surface by surface tension. After being 

heated in the collector, the water is pumped into the evaporator, which is 

a metal duct 1-1/2 in wide, 4 in high and 18 ft long. The water flows 

through the bottom two inches of the duct, and air is blown above the water 

at 1000 ft/min. The length of the duct was designed to yield exit air close 

to saturation at the exit water temperature. The moisture-laden air leaves 

the evaporator and enters, for this model, a surface condenser where the 

water vapor is condensed. The source-water leaves the evaporator and enters 

the collector to be reheated for the next cycle. This simple model worked 

well, even though it was impossible to vary most of the parameters of the 

system for optimum production, and the model was operated only single effect, 

as none of the cooling water was used for source-water. 

A typical good production day is illustrated in Figure 5 which shows an 

evaporation of 0.24 gal /ft 2 for the whole system, or an efficiency of 47 

percent for that particular day. 

To provide a more realistic reference, a second and much larger model 

was constructed and is now being further developed at the Solar Energy 

Laboratory of the Institute of Atmospheric Physics. This model is illustra

ted in Figure 6. 

The collector is asphalt with concrete curbs. It is 10 ft wide, 150 

ft long; and the water depth can be varied from zero to 6 in. The evapora

tor is a metal duct 1 ft sq and 150 ft long. For preliminary tests, the 

condenser is an air-to-metal surface type, but the injection system and 

multiple-effect components are under construction. 
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In Figure 6, the water flows toward the foreground under the 0.002 in 

polyethylene film, through the flow meter in the center of the photograph 

and into the evaporator at the left of the picture. The centrifugal blower 

to move the air above the water, and its 3/4 HP motor are also visible. In 

the distance is an evaporative cooling tower to supply a source of cool 

water at simulated ocean temperatures for test runs. 

This model is being further developed and many refinements need to be 

effected before it is completely operational. Several single-effect test 

runs have been made, however, and the results of one of these is presented 

in Figure 7. 108 gal of water were evaporated in an hour meaning that about 

30 percent of the total day's radiation was utilized in this 8-hr period. 

This is not as high as the first model, somewhat discouraging for a second

generation test facility, but the lower efficiency can be explained by the 

short operating period and a construction error in the elevation of the 

evaporator which prevents moving the water through the system at design speed. 

This is being corrected, and it is believed that the efficiency will signifi~ 

cantly increase. 
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Future Work and Economics 

Besides completing the multiple-effect components and correcting certain 

construction details, work remains to be done on optimizing the various com

ponents for economical operation. Considerable work has been done on the 

theoretical mathematical models of the components, and this work will be 

completed and included in a longer paper. 

Application of materials in this system is most interesting since many 

requirements are different from those for previous uses. For example, the 

tensile strength of the plastic film on the water surface is not an important 

consideration, whereas, it is most important in a conventional solar still. 

In the simple water-to-water heat exchanger, made possible by the injection 

condensing system, it might be economical to use a durable plastic film for 

dividing plates. A new type plastic foam film might provide a cheaper and 

better bottom for the collector. An even cheaper bottom might be provided 

by an application of one of the new soil-sealant chemicals. The evaporator 

top bears no stress and new preform construction techniques might well lower 

its cost. 

It is obvious that the system will undoubtably evolve into one different 

from that illustrated in Figure 6. It is, however, desirable to make some 

preliminary cost estimates to evaluate the potential of the system, and this 

has been done. These estimates are preliminary, and the actual future cost 

might be higher or lower. 

For the estimates, a million-gallon per day plant of construction similar 

to that in Figure 6 was used. The plant was assumed located at a sea coast 

location of average solar radiation equal to 2000 Btu/ft 2 day. The plant 

area was calculated as approximately 100 acres, and the land cost was figured 
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at $1000 per acre. This is ten times the Office of Saline Water's suggested 

cost; but when a land-cost of $100 per acre is used, the cost seems to draw 

criticism disproportionate to its percent of the total plant cost. 

A low average saturation temperature of 113°F was taken which necessi

tated a large air flow of two million cubic feet per minute. This requires 

large fans which are the major conventional power users in the system. 

The cost breakdown is presented in Figure 7. This presentation differs 

from the Office of Saline Water's standardized procedure. The estimate does 

include allowance for such items as an automatic mechanism for removing rain 

water, cleaning the plastic and other such operational tools. 

The estimated cost of 59 cents per 1000 gallons is considerably lower 

than most previous estimates for systems using solar energy and, also, lower 

than systems using conventional fuels. The possibility of lowering this cost 

estimate certainly exists since the estimating was done for an unoptimized 

system. 
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Conclusion 

This paper should be taken only as an introduction to the research now 

in progress and as an indication of the possibilities of the system. The 

paper was written to answer inquiries the authors have received which deserve 

a preliminary answer earlier than the anticipated publication date of a 

detailed technical report. The future report will include the complete 

mathematical explanation of the system, twenty-four-hour multiple-effect 

operation data, and cost analysis for specific site locations of a theoreti

cal large-scale plant. 
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Estimated Cost for One Million Gallon 

Per Day, 100 Acre Still (µnoptimized) 

TABLE 1: Capital Cost 

Land@ $1000.00/acre 

Sight Development and Surfacing@ $0.l/ft2 

Evaporator 

Injection Condenser and Heat Exchanger 

Blower and Pumps 

Miscellaneous 

TABLE 2: Annual Operating Cost (20 year amortization) 

Interest, 3% of total capital 

Depreciation, 5% of total capital 

Maintenance, 3% of equipment 

Labor 

Power@ $0.005/kwh 

Plastic (Tedlar@ 2¢/ft2, replaced every 
eight years) 

Contingencies 

Water Cost= 59 cents per thousand gallons 

FIGURE 8 

$ 100,000 

440,000 

220,000 

425,000 

180,000 

135.000 
$1,500,000 

$ 45,000 

75,000 

18,000 

18,000 

36,000 

13,000 

10.000 
$ ·21~,000 
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