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ABSTRACT 

Solar distillation has been examined and evaluated as a means of 

providing fresh water for small communities in arid regions. 

A solar sea water distillation plant supplying fresh water to a 

small island in the Eastern Caribbean has been assessed technically' and 

economically. The process appears feasible, though the cost of the water 

produced is somewhat expensive. 

A simple method for the testing of the solar still performance has 

been presented and several experimental verification trials were conducted. 

The operation and economics of the solar plant have been compared 

with those of the island's rainfall collection system. 

In general, the characteristics of solar distillation are ideally 

suited to small communities as the local inhabitants can build, repair, 

operate and manage these installations. 

In order to render solar distillation economically more attractive, 

it is essential to quant if y all the benefits resultant from the capital 

investment, including those stemming from its effect on the local economy. 
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ENGINEERING AND ECONOMIC EVALUATION OF SOLAR 

DISTILLATION FOR SMALL COMMUNITIES 

by 

T. A. Lawand 

Introduction 

Purpose of Study: This thesis has resulted from a project undertaken by the 

author, while employed as a development officer with the Brace Research 

Institute of McGill University, to investigate a solar distillation plant 

which provides fresh water for a small island in the Caribbean. 

Since 1961, the Brace Research Institute has been examining various 

methods of saline water conversion for the provision of fresh water. One 

aspect to which considerable attention has been given is that of solar 

distillation, in particular the development of a simple, locally fabricated, 

easily operable still for use by peasants or small communities in the 
l, 2 

emergent areas of the world. Intermittently, during the period 1965 to 

1968, this work has progressed, based on the general design of the Institute's 
3 

Doi-It-Yourself Leaflet No. 1. This work has yet to be published and is to 

some extent ,still continu:LIig .•. 

In March, 1967, contact was first made with the directors of Petit 

St. Vincent Limited, who had earlier received this leaflet and other sources 

of information on solar distillation. They were proceeding with the cons truc-

tion of a large-scale plant to provide fresh water for a hotel development 

project on a remote, uninhabited island, Petit St. Vincent, the Grenadines, 

St. Vincent, West Indies. Upon further careful examination, it was decided 

that it would be mutually advantageous to enter into a program of 

l 



cooperation,with this firme The main reasons for our interest could be listed 

as follows: 

1) These solar distillation units embody some of' the features .. of.:..,our 

later modelstills andhence, in some respects, 'constitutean 

extension of the'practical application of our work. 

2) Owing to theparticular location'and climatic" conditions . .apper~ 

taining to' Petit, St., Vincent, our preliminary estimatesand,',studies 

indicated that solar distillation might constitute a technically 

feasible and economically viable method of supplying fresh water 

for the community. 

3) 

4) 

The introduction and use of this new technology in the Grenadines 

should catalyze the' propagation .. ,&f beneficia'l,assistance to other 

development'projects and isolated small communities in the area. 

The development of the tourist industry in the Grenadines will 

radically change the'economyof the islands. Increased invest

ment should ~aise the gross regiona! ineome, resulting in an 

improvement of' the economic -well~be:l;ng- of the,'local- communities. 

5) It is weIL known,: that these islands suffer' fJQm a chronic in~ 

sufficiency of potable water. Hence,lthe procurement of fresh 

water using, local resources,' such as solar and wind energy, and 

labour, should'greatly'improve their overall domestic economic 

situation and their'attractiveness to'outside investors. The use 

of these energies'for'saline water conversion'ie precieely the 

area of application to which we of the Brace Research Institute 

ha~e been devoting its time and effort for the past eight yeare. 

2 



It was felt that our presence would hasten the effects of this 

development, especial~y through our experience and contacts with 

the principal authorities and participating agencies in the region. 

6) Finally, the èxistence of a solar distillation plant contributing -

to the fresh water supplies of a remote communityprovides an 

excellent field laboratory for the study of the suitability of 

this process. The precise amount of water produced and consumed on 

the island can be tallied. A proper engineering and economic evaluation 

can be undertaken to determine the most effective and efficient manner of 

construction and operation of solar distillation units under typical field 

conditions. In addition, the feasibility of this type of water supply 

technology can be ascertained and compared with that of other possible 

alternative systems. As the success of the development is directly 

dependent on the supply of fresh water, it will be possible to quant if y, 

at some future time, the benefits resulting from the investment in the 

water works. 

It was therefore concluded that a study should be undertaken to 

investigate the engineering and economic suitability of solar distillation 

for small communities and this constitutes the main theme of the thesis. 

It was decided to consider in detail the island of Petit St. Vincent as a 

laboratory model containing all the prerequisites necessary for a proper 

scientific assessment of the question of water supply. Thereby, the 

experimental results are not only directly applicable for the benefit of 

the island itself, but are also of value in resolving the problems of 

other similar communities. 

3 



Boundary Conditions: The boundary conditions of the study are as fo11ows: 

1) Petit St. Vincent is a specifie case from which resu1ts can be 

re1ated to iso1ated communities in genera1. 

2) The overa11 resu1tant water demand is taken as being.representa

tive of any indigenous group in a simi1ar1y arid region. 

3) The solar distillation plant in use on the is1and is regarded 

as the one under study. The rain water collection system, which 

forms the other part of the local water supp1y, is a1so regarded 

as under study. 

4) The composite water system iB not considered as a static installa

tion, but rather as a normal village water works continua11y 

undergoing modification, repairs and improvement. 

5) It is appreciated that severa1years of eva1uation wi11.be 

necessary before positive and conclusive predictions can be 

made. Nevertheless, it is assumed that the data accumulated 

over these one and one-half years will suffice to give an indica

tion of the trend which these assessments will take. 

Subsequent1y, itis hoped that these results will serve as an in

dex of reference for smal1 communities experiencing similar water shortages. 

Although conditions· in other areas might be somewhat different, it is fe1t 

that enough information will be applicable to serve as a guide in the 

evaluation of solar distillation as a practica1 tool in water supply 

engineering. 

4 



Solar Distillation,'Productivitv. and. COStSl " eurrently',' tv/o' met;.hods .of fresh 

water provision' are' in'use' on Petit St. Vincent'''''solar'distillation and 

rainfalLcollection'from roofs and the solar still'covers. ,One.of the 

principal..objectives·ef·theseinvestigations·is'to'determine where .solar 

distillation"; units" fit'· into a· system ef' fresh" water ,. supply . in, a .. small 

isolated.community.This involves ascertaining·the-full techn1cal 

characteristics of' the" solar 'stills so' as ·to-be-a-ble-to··under.stand.:.the .pro

cesses of mass and energy exchange ·involved •. A-·technical eJœmination of this 

type of solar still, incorporating some of·the'constructional.details of the 

earlier Brace Research Institute prototypes'and'alow arc-to~chord ratio 

coveé has. hitherto·never· been' satisfactorily reported in ,the"literature. 

The test method' formulatedhas'-been prepared ·,to· satisfy the. requirements of 

a small c01l1llluuity' in'assessing the performance"of . their solar ,stills. The 

instrumentation and' evaluating techniques· used·· aTe- relatively simple. 

The data collected has resulted' in' the" establishment .of.a series of 

operating lines, indicating the expected·output-from·the stills.as a func

tion of the incident"solar radiation~' 'Combined"with a' thermodynamic 

analysis.of.the process,·this should provide'a"clear·unders.tanding of the 

effects of the paraltleters involved'and "facilitate-the" prediction .of the 

diurnal ancLannual·variations· in' distillate pToduction. In .this manner, 

a total a~erage'output"of'freshwater has'been determined. Concurrently, 

a detailed cost analysis·of the solar still'construction, coupled with 

expenditures on all'factors of production, charges for maintenance, 

amortization of the capital investment, etc., has been collated so that 

it has been possible to calculate a specifie cost of solar distilled 

water. A portion of' the latter has been attributed to the cost of the 

storage, pumping and distribution systems. 
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The surfaces of"the solar stills,effectivelY'''act"'as 2 .. rainfall 

catchment ·area. The'rain"water'collected can 'be"added' to the distillate, 

thus reducingthe'unit eest of the.water produced. 

RainfallCollection and Costs Incurred~: The other halfof the fresh water 

collection and distribution system involves the use of the' roofs of buildings 

as rainfall catchments.: Rainfall collection'constitutes'one.of.themost 

common, forms .of" fresh"water supply in arid' areas-. This' necessitates added 

expense to . .the' building structure' for" adequate' retrieval, along .with storage 

cisterns,.pipe'lines, pumpingfacilities,'filtration"and·treatment plants. 

The annual average'amount of rain'water col1ected'can be'predicted from 

climatologicaldata and specifie measurement'·. For this purpose and the 

engineering,evaluation of the solarstills, a' rudimentary meteorological 

station has'been established on Petit St. Vincent (generally,abbreviated to 

P.S.V. in the text). The total collection areas of different buildings have 

been assessed as potential'rainfall catchments along with estimates of the 

variation in their annual output. The annual costs involved.include 

maintenance, operatingcharges, 'the amortization of the capital.investment 

reduced to an equivalent'annual basis, etc. Hence it has been.possible to 

deter~tne the cost of the collected rain water being used in the water supply 

system. 

Combined Fresh Water System: Certain costs, such as those relating to the 

distribution system, storage, chlorination and supervision, have been 

proportionedbetweenbothsources of supply. The solar distillation plant 

and the rainfall collection system, have been examined with a view to 
. 

determining how effective and economic each is in fulfillingthe fresh water 

demande As in any community, expansion of the facilities on Petit St. 
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Vincent.is· bound to be made in time to come. lt is'· onlY'with the availability 

of data of this nature that predictions as to the areas'of future water 

supply plant investment'can be wisely determined. Therefore, -if.these analyses 

show that.rain water collection is 8ubstantially cheaper·than.solar distil-

lation, it.would be'far more sensible to applY'future investment to the 

construction.ofadditional rainfall catchments;Under·these_conditions, the 
~ 

marginal physicaloutput'peradditional dollarinvested in rainfall collection 

media would.exceed that of solar distillation-equipment, . and logically 

future in~estments 'would be encouraged·· along,·these 'lines • Naturally, this 

will only be undertake~'ifall other' factors are equal. The .effects of these 

considerations, such as annual rainfall distribution, can 'often pose serious 

consequences which tend, ta necessitate an individual examination of each 

particular community's water supply problems. 

Suitable climatological records and a careful tally of expenditures 

over a period of time will indicate the desirability of either of these 

methods of fresh water provision. Rence, as indicated earlier, it might be 

a few years beforespecific predictions can be'firmly established. In the 

interval, this study can serve as a model to assist many categories of 

isolated communities in making policy decisions regarding the most 

economical form of freshwater supply for their'particular needs. 

Format of the.Thesis: The central theme ofthis study i8 contained in the 

main section.that follows as Chapters 1 to 5. The figures,tables, and a 

list of r,efé~eÏîces relatling to this part have al! been placed at the end of 

the ,conclusions. A considerable amount of supporting information has been 

formulated into separate appendices at the end of the report. These data 

elucidate certain features of the study for a fuller comprehension of the 
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problem8invob~ed. Each of these app~ndices has 1ts own separatelynumberecl . 

pages, diagrame', tables and a'listof references. 

References: . The body of the'thesis and the appendices each have thèir own 
, ' 

.list of references' enumerating the, journals, books, or other s'ources' of in- . 

fo~tioncit~d 'in the 'text~ TlUâ 'method" of' physic'al'presentation of 

bibliographièal entries,varies,collsiderably inacademic reports. As a result, 

it has beeu .d.ecièied ·to" fol1ow' as .. Closely as possible' the' e~mples .given by 
.... . . 

Roy M. Wiles ii'( h.is· publication' Scholarlv' Reporting' in the Hùmanities, Third· 

Edition~ Univer"sity' of Toronto 'Press,pages 49 .... 50. As nq footnotes have 'been 
. '. 

used. the,following'additional procedures have been adopted: 

Where :refere\,ce 'is'made,: to anentire:'article', the .entryin the. 

List of References '1s followed by the' page··numbers at· the beginning and end 

'of the art1cle. 

Where reference·is made te information· contâined on .. a.specific 

page or sectionof'a report, this pagenumber islisted at the end of the 

. entry •. 

Where 4 referencé is referred to on more than .oneoccasion in the 

text, the reference number'is superscribed as usua1, and the page number of 

the text isadded i~ediate1y fo11owing, as in the examp1e (24, p.375) 

In th:1sc~se, the entry in the List of References contains the page numberti 

of the entire artic1e c as1isted above. 

Definitions of. Terminology;In order that there be no confusion regarding 

the subject chosenfor'study, the fo11owing terme have been defined: 

Solar distillation: refers to a process whereby energy in. the form 

of solar radiation is used to disti1 fresh water 

from saline water. 
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Small community: in the arid and semi-arid regions of the world, there are 

many small hamlets and villages, with a population of one 

Saline water: 

Fresh water: 

to two thousand inhabitants, whose water supplies are either 

inadequate or unsuitable, and where a source of saline water 

is available. Frequently, there are communities among these, 

which would respond favourably to an increase in fresh water 

supply which would contribute to a positive raising of their 

standard of living. It is for this group that it is hoped 

the information presented here will be of some definite 

assistance. 

will be taken as any water source with a total dissolved 

solids content of over 1,000 ppm (parts per million). Sea 

water generally contains about 35,000 ppm of total dissolved 

solids.5 

will be defined as water suitable for drinking purposes as set 

6 out by the Ontario Water Resources Commission:, the U.S. Public 

7 8 Health Service , and the World Health Organization. The total 

allowable solids content is 500 ppm, .which will be considered 

the maximum desirable level in this study. It is recognized, 

however, that in certain cases, water of higher salinity can 

be tolerated. 

Water supply system: includes the works and auxiliaries for collection, treat-

ment, storage and distribution of the water from the sources 

of supply to the buildings or other designated areas of use. 

In this instance, it does not include the internal piping 

leading to the free-flowing out lets of the ultimate consumers. 
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_C .. HA PTE R 1 

THEORETICAL EVALUAXION OF THE SOLAR DISTILLATION PROCESS AND ITS 

EXPERIMENTAL VERIFICATION 

Introduction: Although the 1iterature is prolific with reports on the design 

and pract1cal testing of solar sti11s) very few workers have attempted , , 
detai1ed thermodynamic analyses of the mechanisms of heat and mass transfer 

control1ing the distillation process. Current understanding of the physica1 

interaction of the parameters is by no means complete. 

9 Dr. V.A. Baum has undertaken e1aborate tests to determine 

the interaction between heat and mass transfer within a simple hot-box type 

solar still. He studied the patterns of motion of the vapour-air mixtures 

within the still and deve10ped correlations for the prediction of evaporation 

and condensation which have been verified experimental1y. He found that the 

resistances to heat and mass transfer are confined to the boundary 1ayers 

at the evaporating and condensing surfaces, which vary from several 

mi11imeters to a few centimeters in thickness. Severa1 ·other individua1s 

have contributed to the the ory of the thermodynamics of solar distillation 

and have derived mathematica1 relations .. which can be used for the prediction 

10 11 12 of the performance of solar sti11s of the roof and deepoobasin types.' , , 

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 

Most of the former, however, have confined their attention to glass-eovered 

stil1s and little consideration has been given to plastic-covered sti11s 

which form the subject of the present study. A historical review of the 

science of solar distillation is presented in Appendix A. 
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This chapter has been divided into three parts: 

a) A theoretical presentation outliningthe principal heat and mass 

transfer equations which can be used to estimate the performance of these 

air-inflated,plastic covered solar stills. 

b) A discussion of the various parameters involved and the physical 

properties of the fluids under consideration and their use in the solution 

of the design performance equations. 

c) Owing to the narrow operating range over which solar stills function, 

1t was possible to quant if y the heat andmass transfer equatiQns into a 

series of simple charts. These permit the operators of similar type stills 

to estimate these flows fram the measurements of solar radiation, windspeed, 

ambient air temperature, and the average cover and basin temperatures etc. 

A specifie case has been worked out fram experimental data and is discussed 

later. 

The performance conditions of solar stills are reasonably 

similar and generally do not fluctuate over a wide operating range. Renee 

these charts are fairly flexible and can be used for the evaluation of a 

number of similar-type stills. Severe ,~balance in the assessment of the 

heat and mass loads might be indicative ,of an equipment fault l\Ihichwould 

require further investigation on the part of the operator. ' 

The Air-Inflated Plastic Covered Solar Still: The solar still which forms 

the subject of the present study is described in detail in Appendix C. 
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SECTION l 

THEORETICAL ANALYSIS OF THE SOLAR DISTILLATION PROCESS 

Thermodynamic Assessment of the Solar Still Operation: The principle of 

operation of a solar still is quite simple. Sea water is fed into shallow 

basins formed by placing black, impervious sheets on the ground. The basins 

are covered by a transparent canopy supported by a small positive air 

pressure maintained by an electric blower. The short-wave radiation fram 

the sun is transmitted through the cover, which is nearly opaque to the long-

wave radiation re-emitted by the heated surfaces within the still. The solar 

radiation is absorbed by the basin liner which in turn heats up the saline 

water. ..c The cover is securely fastened to the edges of the basin, .thus a 

reasonably air tight compartment is formed. As the saline water heats up, 

the enclosed air between the basin and the canopy is eventually saturated 

with water vapour. Concurrently, the transparent cover is cooled by convection 

due to the effect of the wind and the lower ambient air temperatures and by 

direct radiation to the environment. In time, the film of moist air 

·innnediately beneath the cover reaches its dew point and condensation occurs 

on the underside of the canopy. The fresh water condensate flows off to the 

gutters on either side of the basin. The main components of the solar still 

are illustrated in Fig. No. C - 1. 

Overall Energy Balance on the Solar Still: An overall heat balance has been 

set up on the still. This comprises a continuaI series of energy transfers 

into and out of the still, illustrated in Fig. No. 1, and given in equation No 1 

I H · = ID + Id = rDln + rdId + qr,ca + qc,ca + qb + q1s+ q r,lt 

+ R + R + C (dT 1 dt ) 
BL S wg b .••.•.•••.•••••.•••• ( 1 ) 

12 



Equating aIl items on a basis of equal area, i.e. of the horizontal 

projection of the transparent cover, equation No. 1 becomes, 

1 = r 1 +r 1 + ( A lA ) ( q + q + q ) 
H D D d d C H r,ca c,ca la 

+ (A lA ) q + "( A lA ) (q 1 ) + R + R + C (dT /dt) • •• (2) 
G H b B H r, t 13L S wg b " 

It 
" 22 

has been suggested by Morse and Read that a storage term, Cwg , would 

take care of the variation of the temperature of the still, including the 

heat build~up in the brine, the structural components of the still and the 

ground beneath the basin, fram one time interval to another. This approach 

follows that of Ward24 who used a simi1ar term in evaluating unsteady state 

conditions of solar water heaters. In assessing area correction factors for 

terms dealing with incident solar radiation, it has been assumed that the 

radiation is incident on the surface An. This is particularly advantageous 

in avoiding complications with the reflected fractions of the radiation. 

The physical properties of the basin are assumed to apply to the structural 

sections inc1uded in Aa as the impervious liner covers aIl internaI surfaces 

within the still. These sections amount ta 5.3 % of Aa and the error 

introduced shou1d be negligible. 

This analysis has been formulated for a free sea water"surface 

in the basin. Most of the atills on Petit St. Vincent (PSV) incorporate a 

black wick floating on the brine surface. In this case, the analysis must , 
be altered to take the effect of the wick into account. This has been done 

on page 15. 

Energy balance on the transparent cave]: of a solar still: An energy balance 

on the caver of the still, taking into account inputs of energy to the still 

and cooling heat lasses, is set out in equation No. 3 and illustrated in 

Fig. No. 2 
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q + q + q +a l + a l = q + q + q ....... (3) 
r,bc c,bc e c D c d r,ca c,ca 18 

Normalizing these transfers on an equivalent area basis, equation No. 3 

becomes 

= ••••.• " •• ( 4 ) 

Energy balance on the solar still basin: A heat balance on a solar still 

basin has been illustrated in Fig. No. 2. This is represented in equation 

No. 5. lt has been assumed that there is negligible short-wave radiation 

absorption by the still atmosphere. 

,.,. l +l''y l = q + q + q 
'D D 'd d r,bc· c,bc r,lt 

. . • • . . . .. (5 ) 

By reducing all factors to a common area basis, equation No. 5 becomes 

+ + ( d Tb / dt ) ( 6 ) 

Reflectivity of Solar Radiation Within the Still: Solar radiation is 

reflected from the brine surface of the evaporator as well as from the 

basin liner. This has been illustratèd diagrammatical,ly:'in Fig. ,No.: 3. 

The surface reflectivity can be estimated as follows 

RS = r s (ID ID + rd Id) ........................................ ( 7 ) 
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In addition, the reflectivity from the basin liner, ~L ' can be 

ca1cu1ated 

- R ) 
S 

( 8 ) 

In the case where a f10ating mat is provided, the changes 

in ref1ection losses are i11ustrated in Fig. ,No. 3. The terms ~L and RS 

must be de1eted from both equations Nos. 2 and 6. In their place must be 

added the ref1ectivity term, Ra, which can be estimated.as fo11ows: 

= r 0 ( r D ID + ï d I .. 
·d 

) , ( 9 ) 

It is aS8umed that RS and RBL' or a1ternative1y Re, pass 

direct1y out of the solar still cover without further interactions, etc. 

Convection Reat Transfer from the Basin Surface to the Transparent Cover: 

For air enc10sed between horizontal paralle1 plates, with.heatflow upwards, 

McAdams(25, p. 182) has given the fo11owing re1ationship valid for Grashof 

numbers from 3.2 x 105 to 107 • 1/3 

hc' x = 0.075 (x l
• pi '28 ·Il f·/1 t' ( Cp l1)f 

k f l1 f ( k ) f 

. . • • . . .• ( 10 ) 

In this case, the effect of the spacing, x, between the plates, cancels out 

and the equation is reduced to that for single, heated plates, facing upwards 

in air. This can be assumed to hold by considering the ~sin surface and 

the transparent canopy as two horizontal parallel plates. 

h'= 
c 

2 
0.075 k

f 
Pf· g. ~ f . f:j. t·' 

I--~------~----------
2 

11 

( Cil) 
p f 

(k ) f 

1/3 
. . • . . . .. ( 11 ) 

f 
Dunkle21 has defined f:j. t'as an equivalent temperature difference whicli 

inc1udes the molecular weight difference in evaluating the buoyancy effect, 

and for the air-water system this 1s given by 
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6,t I~ •.......•...........• ( 12 ) 

Rearranging equation No. 11, the convective heat transfer coefficient can 

be written as 

hl = CI (6,t l ) 
C 

1/3 
. • . . . . . . . . . . . . . .. ( 13 ) 

The rate of heat transfer from the basin surface to the transparent canopy 

can then be estimated using equation No. 14. 
1/3 

q .. C 1 

c,bc 
( 6, t 1 ) ( T 

b 
-T ) 

c 
................. ( 14 ) 

Evaporation fram the Brine: lt is possible to utilize information on heat 

transfer phenomena for the estimation of mass transfer awing ta the stmilarity 

of these transport processes. 
. 26 . 

It has been showed by Eckert that the 

relationship between convective (and conductive) heat transfer, from a wall 

or surface, and ma8S transfer cao be written as 

q~ / m = C (t - t ) / (w - w ) 
... fw p w·s w s . . . . . . . . . . . . . .. ( 15 ) 

Hest transfer by convection can also be set down as 

................................. ( 16 ) 

In a stmilar manner, mass transfer processes are described by a mass 

transfer coefficient 

m = h (w - w ) 
fw m w s 

................................. '. ( 17 ) 

Combining equations 15, 16 and 17, a simple relationship is obtained between 

the heat and mass transfer coefficients, known as the Lewis relation. 

h 
m = h 1 

C 
/ C .. 

p 

16 

( 18 ) 



This isvalid provided that the fluid mixture has a Lewis number' equal to 

or close to unity. Several observers26 , 27 in this field, feel that the 

Lewis number for water vapour diffusing into air is sufficiently close to 

unit y for the relationship to apply. Substituting, equation 16 in equation 15 

m = (h' 1 C )( w - w ) 
fw c p w s 

. . . . . . . . . . . . . . . . . . . . . . . . . . .. ( 19 ) 

In addition, the values of wb and Wc can be substituted respectively for Ww 

and ws, as the limits of the evaporative and boundary layer phases. 

m = (h' 1 C)( w - w ) 
fw c p b c 

. . . . . . . . . . . . . . . . . . . . . . . . . . .. ( 20 ) 

For small values of the mass fraction, w, it can be assumed that this differs 

little from the absolute humidity, H. Hence equation 20 becomes 

m 
fw 

= (h ' , c 
IC)(H-H) ( 21 ) 

p b c 

From the definition of absolute humidity, it is known that 

• • •• ( 23 , 

Assuming that the partial pressures, Pb and Pc are smali relative to ,the 

total pressure, P, and that they are of the same order of magnitude, it is 

possible to factor out a term, 18/29 (P - Pave)' where Pave is the average 

of Pb and Pc. 

Hence a genera1 re1ationship for mass transfer can be formu1ated thus 

m = C " h , 
( p - p ) ( ................................. 

,fw c b c 

where the constant C" = 181 29 ( P - P ) C ................. ( 
ave p 

A simi1ar mass transfer equation has been given by Dunk1e' in equation 

26
(21, p. 897) No. 

24 

25 

) 

) 

. . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . .. ( 26 ) 
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The heat used for evaporation can then be estimated as 

q = e 
C Il h 1 

C h fg ...... , .................. . ( 27 ) 

Substituting equati~n 13 in equation 27, the evaporative haat transfer can 

be written· as 

q • 
e 

1/3 
CliC ' (D. t') (p -

b 
p. ) h

f c g 
. ...... ~ ........ ' .. . ( 28 ) 

Radiative Beat Losses from the Basin Su~face to the Transparent Cover: 

Measurem,ent~ ,have shown that little ,carb,on dioxide is present within the 
f20 p 60) .. 

solar still • • • Renee longMwave radiation absorption is effectively 

due to thewatervapour present in the saturated air space. The radiative 

heat transfer between two parallel planes enclosing an absorbing gas has. 
. ,. 28 . ' \. ". 

been given byMeghreblian as -- . 

q • 
r,bc 

4 4 
d. Eb .CCb(. 1 -a wb ) Tb '- atE .€'cb ( 1 _a wc) Tc 

b ' ••• (. 29 ) , 

Long - Wave Radiation Energy Transmitted Through the Transparent Cover: 

The polyvinyl fluoride film used as the·transparent cover condensing film 

is not entirely opaque to long-wave radiation, i.e. in the range from 3 to 

29 20 microns; • Renee it becomes necessary to make an allowance for this 

radiation transfer from the basin to the environment. Naturally this will 

be affected by the absorption of radiation by water vapour within the still 

atmosphere, and by the water film on the underside of the condensing cover. 

The net exchange can be estimated as follows 

. • . • • . . . • •. ( 30 ) 
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Radiation Heat Loss from the Still Cover: The solar still cover radiates 

heat to the skYe . In this regard it becomes necessary to estimate the. sky 

temperature,: Tsk" For cJ.ear skies, parmelee and Autiele30 have found that 

the ratio of radiation received from the sky, Rsk tothat from à black body 

at air temperature, Ra' varied according to the expression 

4 
f '= 0.55 + 0.33 ~Pwa 

In addition 

Ra = E sky • ·cJ .• Ts~ 
and 

Ra = E. . d. T 4 al.r a 

· ..................... . 

· ..................... . 

· ..................... . 

( 32 ) 

There.fore 
4 

T k= Iii' 

4 
( 0.55 -:- 0.33 VPt'la) Ta ........................ ( 34 ) 

and 

T = sk 

1/4 
(0.55+0.33V Pwa)(Ta) ....................... (:J5) 

The radiative heat transfer lossfrom the canopy surface 

can then be computed from the standard formula 

( t 
c 

.................. 

Heat Loss Through Leakage from the Transparent Cover Seams: It is very 

difficult toquantify the leakage of water vapour and air escaping owing to 

the imperfect sealing of the cover clamps. The loss term is represented 

in the energy balances by qls' No equations have been given for its 

computation. Dzhubalieva31 has put forward a method whereby this heat loss 

can be estimated. 

Convection Heat Losses from the Solar Still Cover: The convection heat 10ss 

from the cover to the atmosphere is directly proportional to the windspeed 

and is affected by the air temperature. It can be represented as 

follows: 
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q = h ( T 
c,ca c,ca c 

T 
a 

) ....... , ..................... . ( 37 ) 

The value of the heat transfer coefficient, h , can beestimated using . c, ca 
the Jurges .formula, as given by McAdams (25, p.,' 249) 

h = c,ca 

where al' bl' and n are constants. 

....................... -, ..... ( 38 ) 

Heat Loss Through the Ground: The loss of heat through conduction from the 

evaporator basin'into.the ground beneath the stills can·be obtainedthrough 

the use of equation No. 39 

q = 
b 

Lsw 
............................. ( 39 ) 

Storage of Heat In Distiller: The variation in the heat content of the unit 

can be estimated from the storage term 

C (d Tb / dt ) wg ............................. ( 40 ) 

Basis of Factor Balances: When setting up a series of heat and.mass 

balances on the solarstills, it is necessary to establish a basis of 

operation. With regard to both heat and mass balances, it was decided that 

thettansfets should be rated per unit of the projected transparent cover 

area. This brings the calculatio.ns in line with those of other workers, 

33 22 
Howe ,Morse ,etc. In this respect, Aa' the horizontal projection area 

of the canopy has been assigned the value l, and calculations have been 

undertaken to determine the values of the other areas. 

The ratios of these areas relative to Aa are: 

Ac/ ~ = 1.015 ... , 

~ / ~ = 0.947 

AG / ~ = 1. 8, 
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The term A~ takes. intoaceount all the bottom and edge losses of the·stills. 

As the periphery of the stills isnot a uniform rectangle, but is indented, 

the edge losses tend to be greater. 

The logical temperature datum is the ambient air temperature, 

which varies very little for the location under study. 'IDrt".ly in the morning, 

t.ài$ .differs: l:f,ttie' fr.am' the averag,e'J~-a'$1n temperature. This_ permits the 

estimation of heat losses from the still. 
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SEC T ION II 

REVIEW OF PARAMETERS USED IN THE THEORETlCAL COMPUTAXIONS 

Analysis of the Role of Solar Radiation in the Distillation Process: The 

energy input to the still cornes from the incident solar radiation. This can 

be divided into two types of radiant energy, the direct beam radiation of the 

sun and a diffuse component. The latter results from the complex processes 

of absorption, reflection and multiple scattering of the solar beam by the 

atmospheric constituents. The direct component is treated as a single 

radiation beam. The angle at which this beam strikes a horizontal plane 

during the day is well known and can.be estimated at any time by equation 

No. 41. 

sin ~ = sin ( La ) sin ( Ô) + cos ( La ) cos ( ô) cos ( h ). ••• (41 ) 

Thus, knowing the latitude, declination and hour angle, the solar altitude 

can be calculated. This forms the complement of the angle of incidence of 

the beam to the horizontal plane. 

The diffuse radiation, on the other hand, approaches the 

horizontal plane from all points of the hemispherical sky vault. As the 

diffuse component results directly from the depletion of the beam, 

generally, during periods of high insolation and clear skies the diffuse 

fraction 1s a small portion of the total. The reverse is true during 

overcast periods. 

In practice, wh en undertaking engineering evaluations, only 

the total radiation on the horizontal, IH' is measured. Where 

l = 
H 

1+1 
D d 

. . . . . . . . . . . . . . . . . .. (42 ) 
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In this particular case it has been decided to estimate the diffuse 

component by spot readings of the instantaneous diffuse radiation intensity, 

as measured by shielding the radiation sensor. 
34 

AIso, Parmelee has 

published a series of charts valid for cloudless skies which give the 

diffuse radiation on the horizontal from a knowledge of the solar altitude 

and the total radiation on the surface. This can be used to verify the 

field measurements. In addition, the recently published work of Sharma and 

35 
Pal gives a satisfactory method of determining direct and diffuse radiation 

from total. radiation readings,formulated specifically for the tropics,which 

can be used to verify these estimates. Finally, this cau further be 

confirmed by applying the measured total radiation readings to the graphs 
36 

of Liu and Jordan • 

(37, p. 98) 
It has been found by Hottel and Woertz , and also 

38 by parmelee ,that the diffuse component can be assumed to act as a single 

beam striking the surface at an angle of incidence of 58 degrees. This 

assumption, which has been used by HOdges39 , Baum(40, p. 8), and others, 

greatlysimplifies the problem of calculating the input energy to the 

solar still. A variation in the angle from 56 to 69 degrees was noted by 

parmelee. In this study, an angle of 61 degrees has been used. 

Estimation of the Solar Geometry: In order to determine the input energy 

to the solar stills on Petit St. Vincent, latitude 12
0 

32' North, during 

any time period, the annual variation of the solar altitude has been 

calculated for every day and every hour from 0800 hours ta 1600 hours. 

This is plotted in Fig. No. 4. For this location, all local times must 

be corrected to true solar time as indicated in Fig. No. 5. The solar 

altitude can then be determined using averages for the hourly periods 

t~ hours to t3~ hours fram solar noon. 
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The altitude is the compliment of the angle of incidence on 

a horizontal surface. As a result it was possible ta determine the angles 

of incidence at all points on the caver surface. These were combined and 

weighted according to incident area, and an average angle of incidence 

thereby determined. These have been p10tted in Fig. No. 6 for bath direct 

and diffuse solar radiation. For direct radiation, the average angle of 

incidence equals the angle of incidence on the horizontal as the surface is 

aligned on a North-South axis, symmetrica1 and very near1y horizontal. 

Transmittance of Radiation Through the Transparent Cover: The best availab1e 

data on the transmittance of 4 mil Tedlar film has been pub1ished by 

Edlin(41, p.26). The variation of the transmissivity with angle of 

incidence is illustrated in Fig. No. 7. 
42 

Recently, however, Grange 

measured a transmit tance of 92 % for normal incidencè solar radiation 

passing through a treated,wettable 4 mil Ted1ar with a water film on the 

underside. Assuming the shape of the earlier data of Ed1in ta be valid, a 

new transmit tance curve for the treated Ted1ar was constructed using as one 

point on the curve, 92 % transmit tance at an angle of incidence of zero 

degrees. This has a1so been represented in Fig. No. 7. and ::r.epeated in Fig. 

No. 8. 
It is possible through the use of Fig. No. 8 to determine 1rd 

andlr
D

. for the diffuse and direct components of the incident solar radiation. 

(41, p. 25) 
Ed1in has a1so measured the reflectivity of the 

Tedlar film which is likewise represented in Fig. No. 7. Combining the data 

from Fig. Nos. 7 and 8, it has been possible ta construct a chart to give an 

estimate of the division of the direct component of the solar radiation 

incident on a wet, treated Tedlar surface, which is shawn in Fig. No. 9. 

The data of Edlin for reflectivity hawebeen used in the absence of any 

published information giving the reflectance of radiation from a treated 



Tedlar surface with a water film on the underside. The absorptivity of the 

Tedlar-water film layers has been calculated from the relationship, 

l' D + a c + rD = 1 ••••••• 0 •••••••••••••••• 0 • • •• ( 43 ) 

Edlin's earlier published figure on absorptivity of Ted1ar film is 0.003 per 
(41, p. 26) 

mil, as a fraction of the incident radiation This is for dry, 

untreated film. In this case, it was felt that the absorptivity might be higher 

due to the sandblasting of the cover surface to produce wettability and the 

presence of the water film. Attempts were made to determine the thickness of 

this film, experimentally, and a value of 2 mils was noted. The method used 

in estimating the film thickness was not very accurate, but nonetheless 

calculations were undertaken using equation No. 44. 

-Kt 
• e . ...................... ' .. , .. . (·44 ) 

The results were uncertain, but did indicate that absorptivities of the. order 

of magnitude shown in Fig. No. 9 are possible. 

The substantial difference between the Kt values for the water 

and Tedlar films, the difficulty in relating the two together and the 

uncertainty of the thickness of the water film,all support the decision to 

estimate the Tedlar film properties as shown in Fig. No. 9. 

It should be noted, however, that the reflection losses àre 

greater than the absorption losses over most of the range of angles of 

incidence. 

Radiation Input Investigations: Practical engineering evaluations in the 

solar energy fieldgener~lly' entail the measurement of 11I only. In this 

particular installation on Petit St. Vincent, where the variation in the 

angle of incidence is small, it seemed logical to set out a series of typical 
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conditions to as certain what the percentage error in overall transmitted 

radiation would be, if ID were assumed equal to IH• This was undertaken 

for varying diffuse fractions of ~, Le. ratios of Id / I
H

! These results 

are noted in Fig. No. 10. The transmit tances for various percentages of 

diffuse and direct radiation were estimated from Fig. Nos. 6 and 8. 

Estimates were made of the actua1 radiation transmitted for various 

percentages of the diffuse component. 'Xhe deviation error, .considering :' 

aIl the intensity, Ia' as being equiva1ent to ID,was p10tted against the angle 

of incidence of the solar beam. The basis of this error was taken as the 

actual radiation, separated into fractions as above. 

It is interesting to note that for all angles of incidence 

below 600
, the maximum error in this assumption is -9% for the extreme case 

of 100% diffuse radiation. Considering more typical values of diffuse 

radiation of less than 40% for clear, partly cloudy days, the error reduces 

to less than -3.5% for angles of incidence below 600• This should apply 

generally for aU effectively horizontal surfaces. For Petit St. Vincent, 

the angle of incidence throughout the year is always less th an 60
0 

from 0900 

to 1500 hours and for 0800 to 1600 hours from April to September. As most 

of the radiation intensity comes during this period in the day, the 

substitution of ID for IH does not appear to introduce a substantial error. 

Computation of Solar Radiation Components: On the basis of the data 

presented earlier, it was possible to construct charts which would separate 

various intensities of direct and diffuse solar radiation into the portions 

transmitted, reflected or absorbed by the film. This has been done in Fig •. 

Nos. Il and 12 for the direct and diffuse components respectively. 
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Reflection of Solar Radiation from Within the Solar Still: Solar radiation 

is reflected from the brine surface and the basin liner as represented in 

equations Nos. 7 and 8. The reflectivity of the brine surface for various 

43 
angles of incidence, has been taken from the Smithsonian Tables Reas onab ly 

44 similar values have been given in the Handbook of Meteorology • It was then 

possible to set up a chart, Fig. No. 13, showing the variation with angle of 

incidence of energy reflected from a plane brine surface. 

In order to estimate the amount of en erg y reflected from the 

basin liner, it is necessary to determine the amount of the solar beam which 

is absorbed during its passage through the brine layer. Sverdrup gives the 

transmissivity of solar radiation through different categories of seawater 

(5, p. 107) 
as a function of depth • For the nominal two inch depth of the 

PSV stills, it was possible to give the variation of transmit tance of this 

brine r as a function of angle of incidence in Fig. No. 14. The 
ba 

absorptivity of the liner can be approximated using the chart given by Hottel 

and Woertz for a blackened surface for artificial sunlight transmitted through 

glass(37, p. 97) In this manner, it is possible to estimate in Fig .. No. 15 

the fraction of the transmitted energy which is reflected from the basin liner. 

If a floating wick is used on the brine surface, equation 

No. 9 would apply. The values of Ra can be estimated from the results of 

the reflectivity of the mat published by Edlin and il1ustrated in Fig. No. 

(41, p.25) 
7 . This is shown to be fair1y constant at between 4 and 5.per cent. 

According to additiona1 data supp1ied from Ed1in's report, and a1so 

i11ustrated in Fig. No. 7, from a ref1ectivity point of view, it wou1d seem 

to be better to have the mat f10ating on the surface than to have it 

(41, p. 25) 
covered by a water layer 
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Convection Reat Transfer from Basin Surface to Transparent Cover: The 

Grashof Numbers, NGr , f' were calculated for temperature levels representa

tive of typical operating cover and basin temperatures found in solar stills. 

These have been listed in Table No. 1. It is evident that most of these 

.' 7. (25, p. 181) 
results fall below the upper lim1t of 10 g1ven by McAdams • 

Consequently, equation No. 11 was rearranged and values for the various 

parameters entered so that a relationship similar to the one given by Dunkle 

was established. Also listed in Table 'No. 1 are the values of the equation 
( 21,p.897 ) 

constant C' which corroborate Dunkle' s value of 0.12tf " .. 

Owing to the limited temperature variation of most solar 

stills, it is possible to set up charts to determine the equivalent 

temperature difference t::. t', which are valid for ,typical operating 

conditions. o On PSV, the ambient air temperature rarely falls below 70 F., 

which further limits the range of temperature variation of the solar stills. 

Rence charts were constructed for basin temperatures varying from 900 F to 

o 0 0 150 F. and for cover temperatures from 70 F. to 130 F. for fresh water, 

and for sea water, at normal, double, and triple concentrations. These are, 

illustrated in Fig. Nos. 16, 17, 18, and 19 respectively. Hence, it was 

possible to indicate on Table No. 1 values for the heat transfer coefficient 

h~ and for the rate of convection heat transfer, qc, bc' va1id for sea water 

at normal concentration. 

In order to estimate the Grashof numbers, it was necessary 

to determine precise properties of the moist air under thè conditions of 

operation. Extensive literature searches indicate that there is a dearth 

of information on the properties of humid air, considering how frequently 

this mixture is encountered in scientific investigations. One of the best 

45 references is the excellent book of Dorsey • 
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The following graphs were used in the estimation of aIl moist air 

properties in this report: 

Fig. No. 20 - Density 

Fig. No. 21 - Viscosity 

Fig. No. 22 - Specifie Heat and Coefficient of Volumetrie Expansion 

Fig. No. 23 - Thermal Conductivity 

Fig. No. 24 - Prandtl Number 

The acceleration due to gravit y, g, was corrected for 

(44, p. 90) 
latitude as outlined in the Handbook of Meteorology 

Values of the density of sea water and the vapour pressure 

variation with concentration and temperature were taken from the U.S. 

46 
Office of Saline Water, Saline Water Conversion Engineering Data Book • 

With regard to vapour pressures of sea water solutions, the 

vapour pressure at the brine surface, Pb' was taken as that corresponding 

to the particular brine solution at that temperature. lt is surprising 

20, 22 
that several investigations have used values of fresh water when 

determining Pb' Although the vappur pressure depression is not great, 

in principle it is wrong to substitute fresh water vapour pressure 

values. In aIl cases, unless otherwise specified, values for Pb have 

been taken as those of normal sea water. 

Radiation Heat Transfer from the Basin Surface to the Transparent Cover: 

The long-wave radiation absorption is effectively due to the water vapour 

present in the saturàted air space separating the basin surface and the 

transparent canopy. Values of the water vapour emissivity or absorptivity 

for an effective spacing of 8.3 inches, have been estimated from the data 

of perry47, and are shown in Fig. No. 25. 
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They take into account deviations from ideal conditions. The mean beam 

length, LI, is taken as equal to 1.B Le, the effective spacing, following 

the recommendations of Perry, in this section. The value of tcb was taken 

as 0.90 to allow for theeffect of the water layer on the underside of the 

film. Results for the rate of radiation heat transfer as outlined in 

equation No. 29 have been tahulated in Table No.2. The net exchange has 

been calculated considering the presence of an enclosed absorbing gas, and 

again recalculated, not allowing for the gas. The latter case is 30% to 

75% greater than the former. 

Long-Wave Radiation Energy Transmittance Through the Transparent Co'ver: 
48 

Whillier has calculated the long-wave radiation transmittance of dry, 

untreated 4 mil Tedlar and found it to be of the order of 30 per cent. Edlin 

has measured the transmittance through wet and dry Tedlar films of long-wave 

(41, p. 27) 
radiation from radiators at various temperatures • These results 

are shown in Fig. No. 26. A portion of the long-wave radiation emitted by 

the basin surface i8 transmitted through the Tedlar. The potential 

radiation exchange between the basin and the sky, i.e. the net amount of 

longNwave radiation transmitted by an exposed basin surface to the 

environment is 

= Eb,h b r, s 
•••••••• 0 •••••••••••• ( 45 ) 

Water vapour present in the air enclosed in the still absorbs sorne of this 

energy. The absorptivity is given in Fig. No. 25. According to 

McAdams(25, p. 106) the transmittance of the radiant energy through the 

gas is (1 - a ) The data in Fig. No. 25 are very close to those 
gas 

(20, p. 65) 
given by the Battelle Memorial Institute in a recent publication 
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Rence, taking into account the transmittance,of the wet Tedler cover, 

the long-wave radiation transfer becomes equation 46, which has been 

presented earlier as equation No. 30 

q 
r,lt 

, 

- E b .1 wl' '1 wv • h r , bs 
( T 

b 
T ) 

sk 
.•.. '.' . . . • . .. ( 46 ) 

Ithas beeri possible to quantify àll the factors in equation No. 46, and 

to set upa plot of radiative heat exchange between the basin surface 

and the sky for typical operating conditions in Fig. No. 27. 

The values for the emissivity of wâter have been taken from the American 
49 50 , ' 

Institute of Physics Handbook • The work ofErb ,on the absorpt1v1ty of 

long-wave radiation in water films on solar distiller canopies,essentially 

confirms':these measurements of Edlin. 

The spectral transmission for infra-red radiation at 9.25 

microns through various thicknesses of water film was estimated by 

Erb (50,p. p. 10 - 13) who indicated that any film t,hicker than 35 microns 

will absorb more than 90 per cent of the radiation energy. He states 

that the water film on the condensing surface has substantia11y black body 

behaviour absorbing most of the infra-red radiationbefore it reaches the 
. 45 

reflecting surface. Drawing on ear1~er data given by Dorsey , he notes 

that the ref1ectivities from the surface on1y amount to l or 2 per cent. 
(45, p. 333) , 

In addition, Dorsey gives the transmission of 10ng-wave 

radiation through a water film 0.05 cm. thick as being 2.9 per cent from 

a radiator at 300
0 

C. and 4,0 per cent from a radiator at 370
0 

C. 

Radiation Heat Loss From the Solar Still Cover: It is possible to determine 

the sky temperature from equation, 35. It can be seen that the correction 

factor, f, is a function of the relative humidity. Rence a chart was set 
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up relating relative humidity and air temperature, to determine the 

correction factor, Fig. No. 2H. • This can then be used in Fig. No., 29 to 

obtain the effective sky temperatu~e. 

For these particular stills, it then,becomes possible to 

calculate the radiative heat loss through the quantification of the terms 

of equation No. 36. The, heat transfer coefficient, hr,ôa " can be determined 

4H 
from Fig. No. 30 which is a plot of data earlier presented by Whillier 

The radiative heat losses can then be estimated directly using Fig. No. 31. 

Convection Beat Loss from the Solar Still Cover: The coefficient of 

convective heat transfer, as given in equation No. 3H has been set down in 

Fig. No. 32. 

recounnended 

These values were corrected according to the method 
(25, p. 250) 

by Schack. . . fordifferences in the air temperature. 

o from 70 F. The windspeed, V', was mùltiplied by the ratio (ta+ 460)/(t + 460)' 

'where t represents the actual air temperature. The coefficient of heat 

transfer can'then be determined directly from the measured windspeedand 

air temperature. 

The convection heat loss is then obtained directly from a know-

tedge .. aÏ the air-and cover' t'emperatùres:.:us irig Fig., Nos~, 3:3, '34 ~nd 35, ,where 

plots of equation No. 37 have been constructed for tYJ>,ical operating values. 

Evaporative Heat and Mass Transfer in the Stills: As the range of operating 

conditions of these solar stills is limited, it was possible to quant if y the 

various parameters which make up the heat and mass transfer flows. The 

constant Cil, as set out in equation No. 25, was calculated for various basin 

temperatures and 1s shown in Fig. No. 36. In conjunction with data of ~ t ' 

from Fig. No. 17 and vapour pressure values for the basin and cover 
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temperature conditions, it was possible to estimate the mass transfer flux 

given in equation No. 26. This has been represented in Fig. No. 37. The 

equivalent heat transfer due to evaporation as shown in equation No. 2H, 

is illustrated in Fig. No. 3H. 

Heat Loss Through Ground: The question of the flow of heat from solar 

distillers' to the ground beneath them is a complex one. Considerable 

effort has gone into these investigations at the Office of Saline Water's 

Daytona Beach, Florida, research station. Temperature profiles of the sail 

51 
beneath the evaporators were measured • Some of the principal findings 

given by these sources are: 

" a) For a large, uninsulated basin-type solar still, the net loss 
. . ,,(~O, p. 45) 

of heat into the ground :la negligible .'.' .. ..• 

b) At a depth of 1.6 feet, most of the temperature variation should 
(20, p. 4~) 

be gone •. 

32 c) . Bloemer et al also suggest that the method of Keller be applied 

in this case in the estimation of ground losses. This investigated 

the flow of heat through furnace hearths. 

It forms· the basis of equation No. 39. 

For these particular stills, Fig. No. 39 has been plotted indicating the 

variation of heat loss through the ground based on equation No. 39. 

Estimation of Storage Term: In large, uninsulated solar stills, the 

hourly change in the still temperature is moderated by changes in the 

heat stored within the unit. In deep basin stills, the thermal capacity 

term C is far greater than in stills of this type. The water depth in wg 

thissti11 is 2". Allowing for heating up HI! of soil below the ground, and 

distributing the thermal capacity effect of the concrete curbwalls per 
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square foot of receivirig area, a storage termof 27 Btu/hr., sq. ft. has 

been estimated. Rowever, it must be stressed that there is close to 

2400 sq. ft. of open surface on the footwall structure between adjacent 

plastic covers which receives' solar radiation. This will reduce heat loss 

from these surfaces and undoubtedly cut down the size of the'storage term. 
(22, p~ 4) 

The valu,e, used:'in sorne ,of the stillsin; Australia is 16 Btu/hr., sq~ ft,! 

These stills do not incorporate concrete foundation walls andop~rate: with:a 

lower basin water depth. 

Mass Balances on Stills - on Petit St. Vincent: Raving examined the various 

sections of the heat transfer relatio~ships, the mass transfer tormulae are 

relatively straightforward.' 

, ,The saltwater feed, F 1s generally charged into th~ stills 
s, 

on a batch basis. Fora basindepth of 2 inches ,thiS' constitut:es a still 

capacity of 1500 U.S. gallons, approximately 12,500 pounds of sea water. 

A mass balance on the still can be writte,n as follows: 

1:1 F = s ..•.•••.••••••.••• ~ •••••.•.•••• ' (47) 

The brine from the stÜls flows out in a small but continuous 

stream, especially in the period immediately following the filling of a bay. 

This is most probably due to a capillary action by the Orlon matting which 

effectively siphons brine from one pond to the next. The saline water 

eventually leaves from the overflow on the lower end of the bay. Estimates 

have been made for the average daily amount of this brine waste. Its 

specific gravit y is generally measured to determine the degree of 

concentration of the sea water within the evaporators. 

The fresh water product, Dw, flows into a measuring tank and 

is tallied daily. 
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Water vapour permeability 'through the Tedlar cover has been 
(41, p. 16) . . . 

. measured by Edlin ,and additional data have been supplied by the 

52 
DuPont Company • The quantity of water vapour lost ranges from 0.14 lbs./ 

0 0 
hr. per bay (75 F.) to 0.47 Ibs./hr. per bay (150 F.). Edlin claims the 

loss is negligible - of the order of l to 2 per cent 
(41, p. 6) 

However,· 

it would appear here that these losses are even less than this. It must be 

recalled, however, that no permeability data are available for the treated 

Tedlar. Rence, the published data. on normal Tedlar have been used. It is 

also noteworthy that the permeability rates for oxygen and nitrogen are 0.3 

/ 
2/ .29. . 

and 0.02 gms. 100m hour/mil •. As theyare so insignificant, they can be 

·neglected. 

Additional water vapour and air los ses can occur through leaks 

in the Tedlar covering. As the inflation pressure is gener~lly maintainèd 

at about ~" water gauge, leaks are possible and they do occur. The airflow 

through the fans, providing the makeup to the system, can be measured. 

However, the volumes involved are quite small. If VLis nègligible, as it 

should be, the fans should just operate against the back pressure of the 

system, so as to maintain therequired degree of inflation. Theoretically 

the only losses which must be made up are VLC ' but in' practice there··are, 

generally, some leaks along the seams. 

Leakage from the basin liner, LB' should not happen in.a 

well-built still. However, it is possible that perforations can'occur in 

the but yI rubber l10ing resulting in leaks which cannot be measured. Rence, 

as 6 Fsc!in be accurately estimated, any substantial imbalance in equation 

No. 47 ca~ be attributed to LB' and VLC • 
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SEC T ION III 

PROCEDURE FOR EVALUATING SOLAR STILL PERFORMANCE 

Through the use of this series of graphs, ca1cu1ated· ·for 

typica1 values .:of the parameters, and given measurements of solar radiation 

intensity, relative humidity, wind speed, ambient air temperature, average 

basin and cover temperatures, it is possible to assess the heat balance of the 

solar sti11s which can be verified in practice through measurement of the 

quantity of disti11ate and the change in basin temperature. It must be 

assumed that there will be a degree of ho1d up in the disti11ate gutters so 

that there cannot be perfect balance. 

The principal objective of these thermodypamié . analyses is 

to determine and eva1uate the disposition of the radiant input energy so that 

a theoretica1 eva1uation of the production operating 1ine can be estab1ished. 

In order that the solar still be viable in use as a fresh water supp1y source, 

the operator must be able to verify, from measured operating parameters, that 

the fresh water output is compatible with the solar radiation intensity. 

Concurrent1y, the qua1ity of the fresh water produced must a1so be up to 

standard. 

In this study, it has been decided to treat the interchange 

of energy as being simi1ar to the case of 'unsteady state with constant 

24 
f1ow' studied by Ward • The basic princip1es invo1ved are that the 

average incident energy received during any time period equa1s the average 

heat 10ss plus the heat stored in the evaporated water plus the heat·stored 

in the solar still. C1ear1y then, the storage term Cwg becomes most important 

in this series of heat balances. Attempts were made, unsuccessfu11y, to 

measure this using e1ectrica1 energy, and will continue ti11 this term can 

be more properly quantified. 36 



It is possible, therefore, to use these charts to obtain 

a good engineering evaluation of the solar still performance. The 

parameters which must be measured are the: 

1. ambient air temperature; 

2. average relative humidity of the ambient air; 

3. total solar radiation intensity on horizontal surface on 

an hourly basis; 

4. average windspeed over the stills; 

5. average cover temperature of the still; 

6. average basin temperature of the still; 

7. the distillate production on an hourly basis. 

All calculations .have been based on one square foot of ~, as defined 

earlier. The fraction of diffuse radiation can either be obtained by 

measurement or through the use of charts as recommended earlier. 

Derived Data 

~ 

Solar time 

Solar altitude 

Angle of incidence on caver of the solar stills 

Fig. No. Used 

5 

4 

6 

Transmissivity, reflectivity and absorptivity of cover film 9 

Reflectivity of floating mat 7 

Effective sky temperature 28 and 29 

Coefficient of convective heat transfer 32 
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Item 

Components of ID 

Components of Id 

Calculated Data 

Reflectanée from floating mat 

Radiation heat loss from the still 

Convection heat loss from the still 

Radiation from basin to sky 

Evaporative heat transfer 

Heat loss to ground 

Internal Flows 

Convection from basin to cover 

Radiation from basin to cover 

Fig. No. Used 

11 

12 

By calculation 

31 

33, 34, 35 

27 

38 

39 

Table No. l 

Table No. II 

Two heat balances are recommended; the overall balance as set out in Equation 

No. 2 and the balance on the basin as set out in Equation No. 6. 

Experimental Verification: A series of tests was undertaken to verify this 

method of solar still evaluation and to ascertain the feasibility of 

undertaking this kind of measurement at a typieal field site. The 

instrumentation used has been described in detail in Appendix D. This 

equipment was quite unsophisticated as one would anticipate finding in an 

outlying region. Renee the degree of accuracy is not what would be expected 

under more controlled laboratory conditions. Nonetheless, the percentage of 

unaccounted losses was only 2.8%, on the overa11 balance., for the t.es-t· of· '. 

Q4' May,;·1968.:· The.'.experimental readings ·and càlcu1a~1;oA6 for this test have 

been listed in Appendix E. 
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These results have been represented graphically in Fig. No. 40 

to enable the reader to get a first hand impression of the distribution 

of the heat losses, a sununary of which ::1.8 given below. 

Test of 24 May 1968 - Solar Still No. 5 

Plastic Covered, 10 feet x 150 feet , effective evaporating area , 1285 sq.ft. 

Solar Radiation Input 

Reflection LOS8 from Transparent Cover 

Radiation and Convection Heat 10ss 
from the transparent cover 

This includes the useful heat, 
i.e. for evaporation. 

Direct radiation 10ss from Basin 
Surface to the Environment 

Reflectance from Floating Wick 

Heat LOS8 to Ground 

Increase in"Enthalpy.,' of Still 

Unaccounted for Losses 

39 

Btu 
guantitl Percent of 

per 8q.ft., dal Input EnerSl 

2227.3 100.0 

144.6 6.5 

1572.8 70.7 

799.1 35.6 

50.1 2.2 

99.2 4.4 

262.0 11.8 

35.0 1.6 

63.6 2.8 



Observations 

1. The apparent efficiency of operation during the test was 35.6. per cent. 

2. There were several leaks in the cover seams and one known leak in the 

butyl rubber lining f during the tests. 

3. The orders of magnitude of the following are very small relative to the 

main heat transfer streams: qr,lt' qc,bc ' qr,bc:' and RO' In addition 

qb is not very large. However, they require close scrutiny. 

4. The three principal streams are qe' qc,ca ' qr,ca and their estimation 

deserves the gréatest.'. attention. 

5. Much difficulty was experienced in measuring, under somewhat primitive 

conditions, the temperature of the transparent cover. As a result, it 

was necessary to work out an approximate cover temperature using Fig. 

No. 37, the average basin temperature, and the distillate produced during 

the time interval. It is interesting to note that the cover temperature 

with 
did coincide more closely ~o these readings during night time hours than 

during the daytime. 

6. The basin temperature varies along the width of the solar still bay and 

had to be averaged for each hour of the day. This has been represented 

in Fig. No. E - 1. The average basin temperature is listed in Table 

No. E -5a, and the temperature increment, dTb/dt, has been calculated 

from this. 

7. The heat balances were used to estimate a value for the storage term, 

Cwg ' It will be noted that these figures vary somewhat from the 

calculated value of 27 Btu/sq.ft., deg. F. However, the overall 

average of 24.5 is remarkably close considering the conditions of the 

test. Also it must be remembered that a deviation of even up to 10 Btu 

on the ~g reading might only mean a total imbalance of 30 to 50 Btu, 

depending on the hour under consideration. 
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: .• :: :Perc~ntagewise, the imba1ance is particu1ar1y bad during the first:three 

hours of the test, i. e. till 0900 hours. Again in the 1ate afternoon, 

the imba1ance becomes large. This cou1d very we11 mean that the 

measurement of temperatures was not too accurate~ Ho1diips in the'flow of 

tlistl11ât:e::'frôm' the:'st:ills,might' partiàlly exp1ain these discrepancies. 

8. It must be stressed that the most accurate measurements were those of 

solar radiation intensity and windspeed. The latter has only a second 

order effect. Hence, the input readings are reasonable, but the 

greatest possible discrepancy and error arises from the reading of the 

temperature measurements and the disti1late measurement, both of which 

were somewhat crude due to the primitive conditions at the site. 

9. The interna1 balance on the basin was not so satisfactory. Further 

verification of the temperatures, reduction of the vapour and brine 

leaks, which affects q , and a c10ser look at qr bc and q b' should e ,c, c. 

cast more light on this problem. 

10. This test has been repeated on several occasions and the resu1ts 

corroborate those quoted quite c10sely. The percentage of,unaccounted 

los ses was 1.8% for the test of 9 May, and 3.7% for the test of 16 May. 

Summary of Section: The method presented for the eva1uation of solar sti1ls 

under actual field conditions seems reasonab1e, taking aIl factors into 

account. Further work is needed to improve the testing techniques, using 

unsophisticated equipment. Eventual1y a simple system could be estab1ished 

to determine the effectiveness of the performance of lSolar ,distillation, 

units :in tlie producti'on, 'of·f.resh wat'ë'J: for small communities. 
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CHA PTE R 2 

ESTIMATION OF THE ANNUAL FRESH WATER PRODUCTION OF THE SOLAR STILLS 

Determination of Operating Lines: The long te~ evaluation of a solar 

distillation plant can be summarized through the correlation of two parameters -

the s.olar radiation intensity and the distillate production. 

'. The solar radiation intensities measured on P. S. V. during the 

period Dec. '67 toJune '68 are listed in Table No. E-l. The monthly 

averages for the site have been compared with those measured at Barbados and 

listed in Table No. B-2. The.monthly means for the two sites check out 
) 

reasonably for the period December to March. However, the récordedinsola-

tion for P.S. V. was of the order of.15 per cent higher for the months .. of. 

April and May. This may well be explained by the fact that rain fell on 

twice the number of days at the Barbados location. In addition, it must 

not be overlooked that the records. in Table No. B-2 are for adifferent~tim~ 

period, 1963 and 1964. The validity of the measurements on P.S.V. ·will.'be 

verified by means of an annual instrument recalibration scheduled. for .. 

December, 1968. The instrument was purchased new from the suppliers.in. 

December, 1967. All instrumentation used in P.S.V. has been described in 

Appendix D. 

Average productivities, in U.S. gal. per square foot per day, 

have been given in Table No. E-6. These have been determined by dividing 

the total number of gallons of fresh water produced per bay by the 

effective evaporating aren per bay,.Au,which amounts to 1,285 sq. ft. 

It would be somewhat laborious to reproduce all the readings which have 

been taken to determine these productivities. The system of measurement of 
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the distillate production has been described in Appendix D, and is currently 

being improved. Towards the end of. May, steps were taken to prevent.rain 

water from pouring off the.canopy.into the distillate tanks. This wasdone 

for the first five bays only. In all earlier readings, thedistillate 

production had to be disregarded onall days with a measurable rainfall. 

In the initial months of operation, considerable difficulties were 

experienced with the deflation of the.solar still transparent,covers due to 

problems with the electricity supply.to.the blowers. In addition, the 

productivity was reduced through.leaksin the clamping system and basin 

liner, etc. In deciding on the suitability of a particular distillat.e .. 

reading, reference also had to be:made to the, daily log to ascertain whethe~ 

operating difficulties had been noted for that day. As a result; where ... 

reasonable agreement was obtained.between the productivities ofthree.or. 

four bays on the sameday, these.outputs were averaged and have been.enumerated 

in Table No. E-6. The above problems.are typical of those which can be 

expected when working in an isolated.area in the complete absence of 

normal scientific laboratory facilities. In many respects, thisalso. 

affects the measurement of the other.parameters, outlined in Tables.E:2_to 

E-4. Recently, the quality of the.measurements has definitely impt"oved 

as the staff becomes more adept in handling the scientific equipment. 

The distillate productivities in Table No. E-6 have been compared 

to the insolation corresponding to each specific day. Using the method of 

least squares as outlined by Kosakiewicz,53 the regression line equations. 

for each month have been computed.using.an IBM-1620computer. This has 

given a series of operating lines which are listed in Table No. 3. The 

equations for the average productivities of the solar still bays have been. 

plotted in Fig. No. 41 along with the points from Table No. E-6. 
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In order to estimate the annual production from a solar still bay, 

the following method was employed: 

A) As no insolation readings were.taken for the period June to 

November, the regression line.equation, corresponding to the month 

where the mean solar altitudes are approximately the same, was 

used. In this manner, the equation of January has been used.for 

December and November, that.of February for October, March for 

September, April for August, and May for June and July. 

B) In order to estimate the insolation for these months, reference was 

made to the records for Barbados, given in Table No. B-2. As.there 

are distinctive seasons, allowance for variation of the solar 

radiation intensity was made by taking the ratio of the correspond

ing months in Barbados, and using this ratio to modify the 

measured intensity data of P.S.V. For example, the monthly mean 

insolation for March for P.S.V. was multiplied by the ratio of the 

insolation means of September to March for Barbados, in order to 

determine the average solar radiation intensity for September 

for P.S.V. 

This method should be valid as a first approximation of the dis

tillate production. The true output of the units will only be known 

after several years when a detailedassessment of the variation of 

productivity wi~h insolation will be possible. This will lead to more. 

representative regression line equations than those cited in Table No. 3, 

which are based on records for a single month in each case. 
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There are a number of qualifications to these resu1ts which must be 

added: 

(1) These productivities represent.disti11ate outputs with and without 

the use in the stil1s of f10ating wicks, thus representing a lower 

than average expected performance. 

(2) As specified éar1ier, the c1amping system has not yet been perfected, . 

resu1ting in a number of 1eaks.from the solar sti11s which has:had a 

definite effect on th;: overall productivity. It is certain1y 

expected that new and better construction techniques recent1y 

instituted 'tori11 a1so improve the output of these units. 

In this respect, it has been noticed that solar still bay No. V 

outperformed,on ~ost occasions, the.other sti11s. This shou1d be due to 

the fact that the c1amping syscem and the construction of the concrete rails 

have been revised and improved. As the spacing between the rails is far 

more precise along the 1engtll of theba~ , the co ver on this bay assumes 

a very smooth shape upon belnginf1ated, un1ike the other units where 

wrink1es in the transparent.cover.definite1y reduce the production of 

disti11ate. As a11 the bays wi11.eventua11y be reconstructed to incorporate 

these modifications, a separate study of the productivity of bay No. V has 

been undertaken. The regresslon 1ine equations have been ca1cu1ated as 

before, the resu1ts arp. listed in Table No. 3 and p10tted a10ng with the 

productivity data in Fig. No. 42. 

As on1y two bays wera operating during the month of January, 

separate regression 1ine equations were ca1cu1ated and are 1isted' in Table 

No. 3. The resu1ts, i11uiJtrated in Fig. No. 43, show a difference in 
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productivity variation which may be attributed either to the effect of the 

floating wick or to the insulating value of the coral layer which underlies 

bay No. 1. 

Estimation of the Annual Production of Distillate: On the basis of the data 

listed above, an estimate of theannual production of distillate from a 

solar still bay was made as follows: 

Method No. 1: Regression line equations for Bay No. II for 

January, and for the average productivities of aIl the bays 

for February to Mayas listed in Table No. 3 , gave an annual 

distillate production per bay of 31,085 U.S. gallons. Five days 

down time were allowed for repairs and maintenance. 

Method No. 2: Owing to the improvements which have been 

undertaken on the more recent1y comp1eted bays, it was a1so .. 

decided to estimate the annua1 production of disti11ate 

using the figures obtained for bay No. V, a10ng with the average producti

vit y regression line equation for February and the regression 

1ine equation for bay No. l for January. This resu1ts in a value 

for disti11ate production which will be much more compatible 

with the expected output. This has been estimated at 32,885 

U.S. gallons per bay per year. Again 5 days have been 1eft for 

repairs to the bay, where no production is anticipated. 

This·latter method seems.far more represe~tative of the distillate 

production which shou1d be used in the economic ana1ysis in Chapter 3. The 

prospects of even greater annual outputs of fresh water are very good as 

more improvements are instituted. 
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It is not the purpose of this study to compare the output of these 

stills to those cited by others. A standardized method of comparison should 

be evolved to take into account.all factors in order that satisfactory 

comparisons can be undertaken. 

Experimental Results: A1l tests outlined in Chapter 1 were undertaken on 

Bay No. V due to its superior performance. The results of three of these 

trials have been plotted in Fig. No. 42. On each of these days the 

theoretical analysis procedure presented earlier was able to account for 

96.3 to 98.2 per cent of the input energy. These points agree very well 

with the regression line equation for solar still Bay No. V for the monthof 

May. It is hoped that future work.will analyse points at various positions' 

along these lines so that they can be.used with confidence by theoperator. 

When sufficient points along the length of an operating line havebeen 

experimentally verified in this manner, it then becomes possible to.ose~this 

line as a gauge of the performance of the solar still un~ts during that time 

period. In this manner, the still operator can verify the potential'uuit 

production .and so bein a position to detect equipment faults, rationally'~ 

In addition, if expansion of the facilities is being çontemplated, these 

lines give a good estimate of theexpected output which can,be used in the 

design of the size of the added sections. 
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CHA PTE R 3 

ECONOMICS OF THE OPERATION OF THE SOLAR STILLS 

Introduction: As no standard method has been established to date whereby 

the size, productivity, capital costs and annual operating charges for 

various solar stills could be easily compared, it was necessary to set up a 

procedure for use in evaluating the P.S.V. installation. The following 

conditions have been utilized: 

A) The size of a solar still bay has been taken as the horizontal 

projection of the transparent canopy in square feet. 

B) The productivity of the stills,. in U.S. gallons per square foot 

per day, as defined in Chapter 2, has been taken as the number 

of U.S. gallons of fresh water produced per bay, per 24 hour 

day, divided by the area as specified in (A). 

C) The capital charges for the solar stills cover all expen

ditures necessary to set up the water works including the land, 

site preparation, materials and labour for the construction of 

the stills, pumps, piping, storage reservoirs, electrical 

installation, etc. 

D) The annual operating charge includes all expenses attributable 

to the still such as operating labour, materials and supplies, 

fuel for pumps, amortization of the equipment reduced to an 

equivalent annual basis, maintenance, etc. 

It is not expected, nor is it necessarily advocated, that a 

small co mmuni t y would build its solar distillation plant identically to 

48 



the one on P.S.V. What has been presented"is"a detai1ed ana1ysis of'the solar 

still construction costs and estimated' annua1' operating charges so that they 

can be compared rea1istica11y with the productivity. This has not necessari1y 

been the method of approach of some ear1ier workers in the field. Often a 

review of their c1aims revea1s anoptimism"whi"ch stems from the fai1ure to 

incorporate a11 these items into a true cost, picture and from an over-

estimation of the productivity basedon tests carried out under the most 

favourab1e c1imatic conditions. These resu1ts were sometimes mis1eading and 

often must have confused the observer in the deve10ping country. 

Fina11y, it must be remembered that the solar sti11s described in 

this report are providing water for, an exclusive hote1 catering to a high 

priced tourist market. The benefits derived are dependent upon a satisfac-

tory supp1y of fresh water. Rence, the plant has been adequate1y and 

substantia11y equipped, for the investment has a potentia11y high benefit-

cost ratio. This is not the case in an iso1ated village, where it will be 

necessary to reduce expenditures to a minimum in order to achieve a 

simi1ar output of fresh water, and still rea1ize a viable investment. 

Criteria for Estimating the Efficiency of Water Supp1y Investment: There are 

(54 p.152) three methods proposed for eva1uating investment ca1cu1ations: ' 

(1) Present-Value Rule ca11s for the adoption of any project for 

which the present value of the associated stream of net benefits 

or net receipts, discounted at the appropriate rate of interest, 

is greater than zero. 

(2) Interna1-Rate-of-Return Rule ca11s for the adoption of any 

project whose interna1 rate of return, i.e. the discount rate 

that makes the present value of the cost stream equa1 to the 
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present value of the receipts stream, is greater than the 

appropriate rate of interest. 

(3) Annual-Net-Benefits Rule calls for the adoption of any project 

for which the annual net benefit is greater than zero when 

computed at the appropriate .rate of interest. 

There seems to be some controversy on the use of these methods. 

Hirshleiffer(54,p.154)favours method land recommends that method 2 should 
"-' 

not be used. On the other hand, Edge~55,p.7) writes favourably about this latter 

method. He does, however, propose a fourth procedure based on equivalent 

annual costs which seems most appropriate when considering an isolated 

community such as P.S.V. Only costs are taken into account. Capital 

expenditures are converted to equivalent annual charges and added to the 

operating costs. In these communities, itis somewhat difficult to quantify 
be 

the benefits. For example, in P.S.V. what should~the charge for water be? 

Therefore, it is easier, at this stage, to examine the relative costs of 

alternative methods. In many cases, the benefits will themselves accrue to 

the well-being of the society, regardless of the source of the fresh water. 

Once the comparative costs have been estimated, they can be assessed.in the 

light of their effect on the overall economy of the community and the 

region as a whole. 

Determination of the Costs of Solar Distiilation Plants: In order that the 

costs of the solar stills be normalized,and hence comparable to other 

installations, several standard costing.outlines for desalination plants 

and water supply systems were studied. 56 , 57, 58 As a result, a composite 

cost procedure has been developed which it is hoped will assist 

commü .• ities in analyzing the charges attributable to their solar distilla-

tion plants. 
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In the specifie case of P.S.V., capital investment charges and 

annual operating expenses have been determined for the following three facets 

of the water supply system: the solar distillation plant, the rain water 

collection system and the combined fresh water reticulation system. 

It must be noted that all currencies quoted in this section are 

in U.S. dollars. AU volumetrie quaiitities of fresh or sea water cited are 

in U.S. gallons. This has been done in order that the results might be more 

easi1y understood and appreciated by the reader. 

Construction Cost Ana1ysis - Solar Stil1s: A materials specifications list 

has been set up in Table No. 4 indicating a description and the quantities 

of the components needed to construct one nominal 10 ft. x 150 ft. bayas 

described in Appendix C. 

The explicit cost of these materials, taken from landed costs in 

P.S.V., has been given in Table No. 5 along with the estimates of the amount 

of labour and wages required for the construction of one solar still baYe 

These were derived from discussions with the designers, builders and fore

men on the site. The rates of pay are for local unskilled labour, with 

al10wance for skil1ed labour where required. It must be stressed that the 

resu1ts of these analyses are on1y pre1iminary estimates computed from 

materia1s used and from certain measurements of labour requirements taken 

on the site. Genera11y, they are reasonab1y accurate. Nonetheless, they 

will be continuously modified as the equipment is improved and a1tered in 

the course of time. 

An attempt was also made to obtain an approximate assessment of 

the cost of auxiliaries needed for the functioning of the solar distillation 
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plant. These have been listedin Table No. 6. However, a number of points, 

require clarification, andthese will serve as we1l in the reckoning of.the 

annua1 charges: 

(1) Each solar still bay is apportioned twice the land surface of 

its effective evaporating area. 

(2) Alternating current e1ectricity is avai1ab1e at.3 cents'per kw.·hr. 

This price has been ca1cu1ated fo1lowing arecent study of the 

existing power station equipment, consisting of twin 40 kw. 

diese1-e1ectric generators. This.charge agrees with studies 

undertaken ear1ier by the author.on the operation of this type of 

equipment :f.n isolated areas such as these. 59 

(3) The water works includes a sea water intake and piping layout 

through which water is pumped to the tanks feeding the solar 

stil1s. 

(4) On the site, there is a disti1late and rain water storage capacity 

of 7,600 gallons. In addition, it has been assumed that one 

compartment, or 60,000 ga1lons,.of the large low leve1 cistern will 

be 1evied to the plant accounts. This gives a total storage 

capacity of 67,600 gallons for the entireplant, which is equiva-

• lent to about 35 days disti1late'production under maximum output 

conditions. 

(5) Fresh water is pumped fromthe plant site to the large cistern. 

This piping.has been charged.to .the plant, and has been' indicated 

on Map No. 2. Both the piping .. and storage portions of the water 

works are oversized relative to the production capacity of the 
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solar stilb. It would .appear, .. therefore, that the marginal cost 

of any additional production.from the plant, due to possible 

future expanded solar still capacity, should be less than that in

dicated currently. 

(6) An estimate of $2,000 has been made for the initial designwork 

which must go into the construction of any solar still of this 

type at this time. To some extent, most solar distillation units 

are still experimental, involving testing and verification of 

components and techniques. 

(7) The contingency allowance permits the inclusion of a number of 

items including fencing around the stills, etc. The actual 

cost of the stills in P.S.V. exceeds the figures quoted here. 

As a detailed accounting system has yet to be introduced there, 

it is impossible to ascertain just what the precise charges 

amount to. Realistically, the actual cost should only be of 

interest to this.development. If available, however, it would be 

of interest to other '"'l.t",:;,J:.. ',',:'0 entrepreneurs who undertake 

this type of venture. 

The importance of the study of this system of water supply is to 

present a reasonable appraisal of what is necessary in the way of plant 

equipment and how much investment this requires under actual field con

ditions. It is fully expected that these preliminary estimates will 

approximate these costs. 

Land Costs: Many observers do not consider the cost of land as a factor in 

the economic assessment of this process. In reality, what must be con

sidered is the opportunity cost of this land. On P.S.V., the site is 
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attractively situated on the leeward side of the island. However, the 

location is rather sheltered from the wind and, according to the .project 

architect, it is not particularly suited to the siting of beach houses or 

other buildings of the development. Hence, the charge for the land in

cluded in the cost analysis was directly prorated from the purchase price 

of the island. On P.S.V., the land could also have been used for 

agricultural purposes to grow market garden crops for the development. This 

would require water for increased yields and the economics of,. this alterna-· 

tive has not been fully explored. Land costs are generally very;small and 

should not addmuch to the total investment charges of a community's water 

supply system, provided the land has no alternative productive use. 

Annual Operating Costs: It is difficul t to predict exactly w:hat -.the-. 

anticipated life of the solar still components will be over. the per-iod-:of the· 

economic life of the plant. It is only possible to make reasonable 

estimates and to base these predictions on past experience. 

The longest lived still on record, that at Las Salinas.;Chile, 60, 61 

was .. not weIl documented or studied to provide information on long term 

material evaluation and operating costs. A report published in 1961 in 

California, described a solar still which had been operating for seven years, 

although again an economic evaluation of the installation was not given in 

detail. 14 Nonetheless, the following guide lines have been set out for 

this analysis: 

(1) A plant life of 20 years has been taken. It is not sensible to 

make predictions for a period longer than the expected economic 

life. 
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(2) In a110wing for the replacement of certain components during this 

interva1, account must be taken of: 

(a) variations in the price of this materia1 with time; 

(b) techno10gica1 change which should improve its 

characteristics and performance; 

(c) new materia1s which might have a longer usefu1 1ife 

at the same cost. 

Rence, although similar costs have been used, the anticipated life 

of various components have been adjusted to a110w for possible 

future a1terations. 

(3) It must not be overlooked that in the field of desalination where 

rapid techno10gical change is occurring a11 the time, the unit 

might become obso1ete in a few years. 

(4) In setting up a cost ana1ysis over a span of 20 years, it must 

be stressed thatthe purchasing power of the unit of.cw:r.ency used 

will be continua11y f1uctuating, depending on whether an inf1ationary 

or def1ationary cycle is dominant. In iso1ated ruraL areas".prices 

often do not tend to 'change quite so rapid1y due to 10wer economic 

activity. 

(5) The simp1ified method of discounting'a replacement component has 

been used in the cost assessment.(58,p.9) It is assumed that re-

placements occur in an even number of multiples during the overa11 

time interva1, i.e. twenty years in this case. 

(6) The interest rate has been taken as eight per cent bearing in 

mind the recent increases in rates. Edge a1so feels this i8 a 

reasonab1e rate of return, after taxes, to investors for low risk 
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projects.(55,p.8) 

7). Based on the experience with these stills on P.S.V. and earlier in

stallations studied, an average operating and maintenance labour 

requirement of one attendant, with a weekly wage of about $20, 

appears to be reasonable. 

8) To simplify the analysis,·no allowance has been made for the salvage 

value of the existing equipment. 

In addition, no allowance has been made for the following items: 

(a)· On-the-site·technical·supervision. 

(b) Interest on workingcapital - in this particular case, the 

unite have been built very slowly and over reasonably 

extended periods of time. It has been·mainly the .imported 

materials,such as the transparent cover and the basin 

liner sheets,which have been in stock for some time. 

These havetied up some capital. 

(c) Performance testing - a solar still is such a simple·piece of 

equipment that fresh water of good quality can be obtained 

shortly after commencing operations. 

(d) Taxes - generally water supply plants are exempt .. from : 

governmental taxation. This eliminates the need for capital 

cost allowances for taxation purposes. 

Although these costs have not been included in this.analysis, it 

may well be that they should be tabulated when appraising the economics of 

other stills, where they might be applicable. 
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The annual charges are summarized in Table No. 7. The .. cost per 

1,000 gallons of fresh water is calculated using predicted distillate pro~ 

duction quantities as outlined in Chapter 2. The' total amount of potential 

fresh water production, including collected rain water,and the final 

estimated costs of this water, are also given. 

Discussion of Results: Upon initial examination, these costs might appear 

to be quite expensive. A closer look will indicate that they are not quite 

so unrealistic. A numher of factors must be considered: 

1) As stated earlier, the plant could be expanded without greatly 

increasing the investment in auxiliaries which'should resultin 

cheaper unit tolater costs. Currently, these are high because the 

amount of water produced is small. In any low capacity system, 

relatively high unit costs must be envisaged. 

2) Nearly fort y per cent of the annual charges are for the amortiza

tion of the plant equipment. MOst of the auxiliaries. and,about 

fort y per cent of the investment in thesolar still bays should 

be amortized over a fort y year periode This would reduce these 

amortization charges by about ten per cent. Also, there is 

definitely a salvage value in some of the equipment. at the end of 

the twenty year time interval, but its value is rather difficult 

to quantify, and it has therefore not been considered. 

3) In running these units, every effort must be made to reduce the 

amount of labour required for oper.ation and maintenance of the 

equipment. This has bec~ a matter of prime concern in the 

design and later modifications of this plant. 
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4) The estimates have allowed seventeen per cent of the annual charges 

for maintenance, administration and miscellaneous expenses. Any 

improvements in operation and organization will reduce these 

amounts. Fol10wing the institution of a proper accounting system, 

these figures can be analysed more c10se1y and their abso1ute 

values determined precise1y. In the hotel industry, these costs 

are higher than what one might expect to find in a small village. 

5) About one-third of the annual charges come in the payment of 

replacement components of the sti1ls. The 1ife of these components 

has been determined from averages of c1aims set forthby the 

supp1iers of the materials and from the experience of the author 

and others working in this field. In particu1ar, the cost of the 

c1amping system, one fifth of the total annual charges, has been 

èetermined from direct measurements taken on this installation. 

The current investment in the canopy clamp is one ha1f that of 

the cost of the original design formu1ated in late 1966. Con

tinua1 improvements brought about this reduction in expenditure. 

Current investigations on this system shou1d extend the 1ife 

considerab1y and reduce this charge. In general, new advances 

in solar still techno10gy will continua1ly 10wer these expendi

tures so that the future prospects are for reduced costs, dis

regarding inf1ationary trends. 

6) Withproper maintenance, many items and components of the system 

will 1ast longer than 20 years. Renee, rea1istically, this 

will again tend to reduce annual disbursements. Improvements 

in solar still technology are already increasing the yie1ds of 

these stil1s and will continue to do so in the future. 
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7) A significant amount, nearly thirty per cent, of the annual charges 

is made in payment for local goods 'and services. For the small 

community, this constitutes a decided advantage as these expendi

tures will be a form of transfer payment rather than direct leakage 

from the area. 

These tables serve only to indicate the'general orders.of magnitude 

of the costs involved. The small co mmunity can build its stiIIs and 

auxiliaries far more modestly and hence anticipate reductions. in the cost of 

water produced. The decision as to the type of distillation plant and its 

manner of operation can only be made at the individual commun:l.ty. level to 

best satisfy the existing water demand with the resources the community has 

available. 

Projections of These Coststo the Reguirements of Small Communities:. The 

analysés dealt with in this chapter have examined the accounting costs of the 

solar distillation plant. The absolute value of these charges. is. very 

important. However, the interpretation of these costs and their second order 

effects are equally significant in considering the impact of an .. investment 

on a developing area whose resources are not fully utilized. This effect 

has.been noted in Appendix l. A project employing local labour and 

materials stimulates the regional economy far more than one wherea pre

fabricated plant, purchased in an area remote from the region, is simply 

installed on the site. In the latter case, not only i6 there a transfer 

of capital directIy out of the region, but the community also faces an 

obligation in the form of annual payments for the energy needed to operate 

these units. This does not apply so~y in the comparison of industrially 

developed and emerging nations. lt is equally significant within the 
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boundari~~ of -a single country l-lhere there E:xist~· areas of economic disparity • 
. ,. 

A solar distillation plant constructed in one of these depressed areas will 

not on1y contribute to the local water supp1y but will stimu1ate second 

order benefits whose effects might change the entire complexion regarding the 

suitabi1ity of alternative investments. 

Fina11y, a close look at the percentage distribution of the.annua1 

exp~~ditures outlined in Table No. 7, shows the following patteJ:n·.~ 

Investment Amortization Costs 

Replacement Amortization Charges 

Labour Coste 

Operating, Maintenance and
Administration Charges 

Percent·of Annua1 Charges 

41 

34 

8 

17 

Many of the communities are too destitute to ever be able to insta11 their 

own desa1ination plants, and must re1y on donations of materia1s and supplies 

from abroad for the execution of these projects. Solar distillation 

techno10gy is idea11y suited to this ro1e as the local community can con-

tribute its labour for the construction of the plant, if the materia1s are 

supp1ied by sorne outside agency. Experience on P.S.V. has proven quite 

conc1usive1y that the native population, notwithstanding their re1ative1y 

10w 1eve1 of education, can bui1d solar sti11s and even improve the design 

of some of the components. From the 1ist of annua1 charges, it can be seen 

that if the community did not have to bear the initial capital investment, 

near1y sixt y per cent of the annua1 operating charges wou1d no longer app1y, 

assuming that they themse1ves ran the plant. The bu1k of the remaining 

annua1 disbursemc~~s wou1d be to cover the replacement costs of the still 

components. It must not be over10oked that a portion of these are a1so 
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labour charges. Considerable attention is being devoted toreducing these 

expenditures and it is expected that significant improvements should .be forth

coming. When these factors are considered, solar distillation appears to be 

a reasonablemethod for the partial solution of the chronic waterproblems of 

t.he world' s arid zones ~ It must be recalled that solar distillation 

would.probably be.most competitive in sizes of under 5000 gallons.distillate 

produced per day. It is not however, the object of this study . .t.o.-set·.an 

upper .economic ·limit on the size of solar distillation . plants ~ .. _.This aspect 

certainly.requires study and verification. Results from·the larger solar 

distillation plants which have recently been built will shed more lighton 

this question. 

If a solar distillation system such as that on P.S.V. were installed 

in a peasant community, the cost estimates could be revised as follows: 

A) Assuming the community provided the labour and administration for the 

construction of the plant, the solar still investment charges would 

reduce to about $1,700 per baYe 

B) The cost of the auxiliaries, built more modestly than those on P.S.V., 

could be reduced to $400 per baYe 

C) This would make the plant investment charges total to about $31,500 

or roughly one half the cost listed here. 

Assumin~ a similar distillate production to that indicated in 

Chapter 2, and an average per capita consumption of water of 2.5 U.S. gallons 

per day, as outlined in Appendix l, a solar distillation plant of this size 

could supply a peasant community of 500 to 550 persons, solely from the 

distillate production. 
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Depending on the rainfall intensity, the size of the community 

serviced could be increased up to one hundred per cent. Renee, it appears 

possible to install a solar distillation plant for a cost of $25 to $40 per 

inhabitant. The annual operating charges, as outlined in Table No. 7, 

would reduce to $6 to $9 per inhabitant per year. The majority of these 

charges would be for the amortization of the installation and replacement 

components, and for maintenance and operating expenses. These figures would 

need confirmation by means of a study of an actual installation in a small 

community. Rowever, they should be indicative of the order of magnitude of 

the charges involved. 

The rather high unit capital costa of the P.S.V. solar stills reflects 

the use of Tedlar, the co st of which is $ 0.40 per square foot. It is possible 

to construct glass covered solar stills , utilizing glass at $0.09 per 
( 64,p. 73 ) 

square foot, which resulss in a cheaper unit cost. 
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CHAPTER 4 

THE ECONOMICS OF THE RAINFALL COLLECTION AND·RETICULATION SYSTEMS 

Introduction: The rainfa11 collection system insta11ed on P.S.V. has been 

described in Appendix G. In order to determine the cost of the co11ected 

rain water, a number of tables have been set out describing the system and 

the financia1 investment entai1ed. The rainfa11catchments on the is1and 

have been 1isted in Table No •. G-1. In estimating the costs of this system, 

the solar still catchment area must be de1eted. This amounts to 36.per 

cent of the total area under consideration. 

Table No. 8 1ists the principal stQrage cisterns which have been . 

bui1t on P.S.V. The high 1eve1 cisternand one· ha1f of the 10w 1eve1 

cistern have been.allottedto the reticu1ation system. One quarter of the 

10w 1eve1 cistern has been charged.tothe solar distillation plant, 1eaving 

therefore a storage capacity of 138,300 gallons in the rainfa11 collection 

system. For an annua1 precipitation of 35inches, these reservoirs wou1d be 

able to store 25 per cent of the probab1e.tota1 collection of fresh ·water. 

Table No. 9 dea1s with the cost of the rain water piping system, 

a1so known as the "wa11aba water" system. This covers the capital invest

ment dea1ing with the collection of the rain water at the various catchment 

areas, its de1ivery to the treatment plant and the 1ines 1eading to the 

storage reservoirs of the reticu1ation system. 

Table No. 10 out1ines the cost of the gutters insta11ed on the 

roof catchment areas specified in Table No. G-1. In addition, the capital 

investment charges for the rain water collection system are enumerated. 

The equipment costs were determined from the 1anded costs of materia1s on 

P.S.V. as in the case of the solar distillation plant. Labour charges were 

ca1cu1atedby the bui1ders on the basis of performance records in this type 

63 



of construction. These costs app1y equa11y to the erection of the storage 

cisterns.A11 anticipated construction projects schedu1ed up to the end 

of 1968 have been inc1uded in these figures. In a11 cases, a110wance has 

been made 'for administration and contingency charges in order to present 

a more accurate picture of the true costs invo1ved. It must neverthe1ess 

be reiterated that these are on1y estima tes which have been formu1ated in 

the absence of a proper system of accounts. Rence, whi1e these estimates 

might entai1 some errors, they shou1d not be excessive. 

Table No. 11 gives the anticipated annua1 charges that wou1d be 

incurred in the operation of this system. The same'conditions of cost 

estimation used for the solar distillation plant have been app1ied here. 

Assumptions on the expected rain water collection efficiencies have been 

based on the data given in Appendix F. 

As the rainfa11 intensity might range from 20 to 50 inches per 

annum, variation of the resu1tant cost per 1000 gallons has been ca1cu1ated 

for each case. Fina11y, a110wance'has been made for the addition of the 

rain water not requiring precipitation treatment, which reduces the over

a11 cost per 1000 gallons. 

Table B-1 givesthe average rainfa11 for the region at 46.3 

inches per year: The current measurements of rainfa11 on P.S.V. are 

indicated in Table No. E-4 and these are in reasonab1e agreement with 

this long term average. Based on this figure, an approximate cost of 

rain water wou1d,be about $6.45 per 1000 gallons. 

Discussion of the Resu1ts: A few observations shou1d he1p c1arify the 

situation and place these cost figures in the right perspective. 
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e· 
(1) The annual charges quoted in Table No. 11 are only val id pro

vided.that the technical difficulties regarding the precipita

tion of the wallaba water stain are resolved, as has been 

outlined in Appendix G. Where the consumer is dependent on 

high quality water for the operation of a commercial venture, 

as in the case of a hotel development, the production of a 

discoloured effluent to a great extent nullifies the effects 

of the effort .. and finandal committment of the project. The 

wallaba water is not injurious to the health of the community. 

In fact, in this region, it is consumed in its raw form quite 

exte~sively. However, its colour is by no means attractive 

and this would have a detrimental ef~ectupon.an unconditioned 

consumer. Early atteUipts at.precipitation of the staining 

ingredients were not overly successful, and efforts to dilute 

the clear, yellow taintedeffluent with solar still distillate 

only produced a discoloured product which was also unacceptable. 

In this case, the danger of not overcom1ng this problem.can be 

quite serious when one considers that thesetwo fresh water 

streams will eventually be combined to feed the reticulation 

system. This must be given serious consideration in view of the 

high cost of both.the ra in water and the solar still distillate. 

The entire effect of the high qual1ty distlllate might be 

cancelled out by its combination with the discoloured rain 

water. The problem of contamination of rain water by natural 

sources muet be carefully studied in any small community 

project such as this. 

(2) The stain from the wallaba shingles should stop bleeding in 

about three years in areas with annual rainfalls of this order 
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of magnitude. However, in order ta pressurize and ch10rinate 

the fresh water, the project directors still foresee the use of 

the wa1laba water system, as out1ined, with on1y the e1imination 

of the treatment phase of .the process. This wou1d hard1y 

affect the annual charges, a1though a reduction in the super

vision, labour ~nd administra~ion costs might pe envisaged. 

(3) The charges are again quite.high.primari1y becausethe sca1e. 

of the entire operation is sma11. Extra catchment areas cou1d 

be built and fitted into the existing system with a reduction in 

the overs1l cost of the.water produced. 

(4) It is important·to note that the annua1 rainfa1l is re1ative1y 

unpredictab1e .in any area. An.ana1ysis of the sourcesused to 

provide the precipitation data tabu1ated in Appendix B indicates 

that·the annua1 variation can be as much as 20 inches in this 

region.· Atone site in Carriacou in 1966, just over 2 per cent 

of t~e annua1·rainfa11fell·in amounts of less than 0.05 inch 

per day. Ananalysis of the precipitation records for Waterford, 

Barbados, for the period 1963 to 1965indicate that this figure 

is more like 5 to 7per cent for that site. 62 As a resu1t, any 

community contemp1ating insta11ing a rainfa11 collection 

system as a fresh water supply source, must study carefu11y 

theintensity distribution pattern for its region in order that 

a satisfactory basis for technica1 design considerations cano 

be forDlllated. 

Economies of the Operation of the· Fresh-Water Reticulation··System: The 

fresh water circulation system is described brief1y in Appendix Gand is 

illustrated on Map No. 2. A breakdown of the piping costs is 1isted in 
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Table No. 12. The principal investment charges of the system are 1isted 

in Table No. 13 as we11 as estimates of the annua1 operating charges •. 

These have been ca1cu1ated for a dai1y average fresh water demand of 

4400 gallons. This is a weighted average determined from an anticipated 

dai1y demand of 5000 gallons during the winter months,and a.modified 

summer demand of 4000 gallons. It will be noted, however, that the 

abso1ute value of the total amountof water pumped will notvary.the 

annua1 charges considerab1y as the majority of the charges stem from the 

amortization of the investment expenditures and not from the hand1ing 

costs. The circulation cost,shou1d be charged to the solar distillation 

plant and the rainfa11.co11ection system in direct proportion to the 

amount of fresh water produced annua11y from each source. 

These costsagain seem somewhat high. The reasons for this 

are: 

(a) the sma11 sca1e of the installation under study. 

(b) the fact that the investment of the system has been amortized 

over 20 years. In this particu1ar case,it is very difficu1t 

to predict justwhat the state of the hote1 deve10pment will 

be 20 years hence. Undoubted1y it will be quite modified if 

in fact it exists as a commercial enterprise at a11. It is 

therefore mere conjecture to set up estimates for longer. 

periods of time. In the case ofa sma11 community, there is 

no question of doubt of the permanence of the installation. 

Under these conditions, amortizing the investment over 40 years; 

reduces the circulation costs by about $0.20per 1000 gallons. 

Of course, the expected demand for fresh water will change as 

we11 over the years a1tering the price of the water. 
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The cost of labour is also a major expenditure. If the 

opportunity cost of this labour is nil, and the small community rea1ly 

desires a satisfactory water'system, it must contribute the one 

resource with which it is so abundantly endowed - the labour of its 

inhabitants. The 1esser developed regions of the world will only in

crease their standards of living through self-help, and this is one area 

in.which they can.make a positive contribution. This has been outlined 

more fully in.Appendix 1. 
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CHA PTE R 5 

COMPARISON OF THETWO WATER SUPPLY SYSTEMS 

Discussion of Results: The performance of the two systems of water supply 

on P.S.V. dep4~nds on meteorological phenomena. In this respect they are 

complementary. lrithe consideration of a solar distillation plant, allowance 

for rainfall collection seems quite logical as the extra effort and 

expenditure entailed is minimal. The solar stills constitute a convenient 

catchment area, which should not be left unexploited. 

The collection of rain water has been practiced for centuries and 

it is unlikely that there will be any reduction in this process in the 

future, particularly in the small communities under consideration. 

It becomes important to decide when a desalination system should 

be incorporated, as well, into the existing rainfall collection system. 

This must be determined by the frequency distribution patterns of the rain

fall over the year. Clearly, if no rain falls for four to six months, 

then the community must build large reservoirs and must be prepared to 

drink water of at least that age. Without proper care, contamination can 

be severe as has been cited in Appendix F. 

Again, if the annual rainfall intensity is known to be cyclical, 

during a dry year insufficient production would result in a water 

shortage. 

The solar still appears then to be a logical buffer against the 

'dry spell' which is so much a part of these arid zones. It has been 

noticed on P.S.V. during this last winter (dry) season, that the solar 

stills assured the project of a dependable, daily supply of water. This 
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is, of course, one of the prime advantages of.solar distillation. 

One possible alternative to the use of either of these water 

supply systems, the importation of fresh water from some of the neighbour-

ing islands, hasbeen outlined in Appendix H. The current prQspects for 

P.S.V. do not appear to be too encouraging along these lines. Nonetheless, 

this alternative should beexplored fully, notwithstanding the many 

difficulties inherent in any possible scheme of this type. 

The criteria for determining water policies in small communities 

has been set out in Appendix I. The advantages and disadvantages of solar 

distillation are clearly enumerated. 

The characteristics of these two systems in use on P.S.V. have 

been outlined in Table No. 14. The results listed here can also be applied 

to small communities. In comparing these systems with other possible 

alternatives, a number of points should be stressed. 

(1) The sma11 communities genera11y have access to capital at lower 

rates of interest, e.g.from federal sources or through foreign 

aid loans, etc., which will reduce the annual charges and cost 

58 . 63 
of the output water. ' 

(2) The life of the water works should be extended in both cases to 

fort y years in a sma1l community. 

(3) Both these systems are labour-intensive, utilizing local re-

sources, as outlined in Appendix I. Many solar stills 

incorporate a transparent cover of glass which is being 

manufactured increasingly on a universal scale. 
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(4) In time the deve10pment of 10ca1ly produced materials shou~d 

reducecomplete1y the necessity toimport certain components of 

the solar sti1ls. 

Notw1thstanding the apparent disparity in the accounting costs of fresh 

water produced by each system, the problem of wh ether to recommend that 

future'investments be app1ied to one. or the other is not so clear-cut. 

Sections of. the solar distillation plant have been functioning for one 

and one ha1f years giving a much c1earer idea of their performance potential 

as compared to that of the rainfa1l collection system which is just beginning 

operations.: Be~ce, it .is desirab1e to proceed slow1y in.order to appreciate 

both systems. fol10wing a period of stu~y and observation into the 

characteristics of their performance. 

As indicated in the introduction, this report gives more of an 

indication of the trend of future investment patterns rather than a precise 

definition of the pattern itself. If cost is to be the only criterion in 

the application of future water supply investments, then clear1y additiona1 

rainfa11 catchment areas.shou1d be considered initia1ly. If the construc

tion ofnew buildings is schedu1ed, then the roofs shou1d be fitted with 

guttering systems and the collection cisterns shou1d be connected to the 

rain water piping system. This appears to offer the 1east expensive 

solution to the prob1em of water supp1y. The directors of the project on 

P.S.V. have decidedagainst building rainfal1 catchment areas direct1y on 

the groundfor aesthetic reasons. This doea not apply to the solar 

distillation plant which has proven so re1iab1e in supp1ying the is1and 

with water for the past 18 months. Also, the plant has turned outtobe a 

good attraction, which is continuously being visited by a stream of 

tourists and travel1ers. If no additional buildings will be erected in the 
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near future, the most logica1 way to satisfy an increased demand for fresh 

water wou1d be in the extension of the solar distillation plant with its 

bui1t-in rainfa11 catchment.area. As specified ear1ier, it ·wou1d not be 

necessary to modify the auxi1iaries as they are a1ready overdesigned. 

Expanding the plant faci1ities wou1d reduce the overa11;cost.of the fresh 

water effluent as out1ined in Chapter·3. 

The resu1ts of these investigations are in genera1 agreement with 

the findings of MOrse on the question of the 1eve1 of rainfa11 intensity 

above which solar distillation is no longer competitive with rainfa11 

collection. He fee1s that the break even point is about 18 inches rainfa11 

per annum. 64 In the case of P.S.V., it has been shown that the anticipated 

average precipitation shou1d be two and oneha1f.times this figure. Con

sequent1y, the choiceof incorporating a solardisti11ation plant in the 

rain water collection system in this area is one of expediency. The other 

factors 1isted.in Table No. 14 have monetary equiva1ents as we11, but these 

are not quite sa simple ·to quant if y as the accounting costs of the invest

ment and operating charges 1isted in Chapters 3 and 4. 

It must not be over1ooked that the solar distillation plant 

combined with the rainfa11 collection system, assures the deve1opmenton 

P.S.V. of two distinct freshwater supp1y sources. This creates a safety 

factor for a remote community. In the case of a comp1et~ breakdown of 

one system, the other will be able to satisfy at 1east part of the demand 

for fresh water. 

The use of solar distillation in a rainfa11 catchment system 

reduces the amount of storage capacity required. The resu1tant savings 

in the costof.cistern capacity can be written offagainst the invest

ment expenditure in the solar distillation plants. This has been 
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menUened in Appendix F. Again it isnecessary to study·the merits of the 
j 

economics in each case separately a~ theseare dependent on.the rainfall 

intensity and distr~bution frequency, the solar radiation intensity and 

distribution frequency, the cost of the cisterns and thecost of the solar 

sUlls all of which vary from one location te another. Certainly this 

point deserves attention in planning any inst.allaUon ef this type •. Un-

fortunately, .the installations on P.S.V. were not designed with these. 

factors specifically in mind so that 1t becomesmore.difficult to extract 

this information irom the investment costs •. 

Finally~ .it .cannot be overemphasized that the .conservation of 

fresh water .in these areas is of :.prim~ importance as the cost, ofits 

procurement.willalways·behigh. Wherever possible, saline water should be 

used for sanitary purposes. A study undertaken ancillary to these 

inv~stigatiens has shown that a sea water.circulation system for P.S.V. 

could be operated inexpensively. The water cost should be between $0.30' 

and $0.50per 1000 gallons. 65 Thiswould reduce the ,load,on the fresh 

water supply systems and free an)': surplus water, for gardening and other uses. 

The entire question of water use is on~ of equal importance to that.of 

water supply - the two cannot be separated. 
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RECOMMENDATIONS FOR FUTURE RESEARCH 

This study has examined the process of solar distillation with 

special reference to its suitability for the provision of fresh water for 

small communities. During the course of the work,a number of questions have 

arisen which are beyond the scope of this preltminary report. These require 

further investigation if solar distillation is ever to have widespread 

application. 

1. A comprehensive study must be made of the economic ramifications 

of the installation of a solar distillation plant for the provision of fresh 

water to a small community in a developing area. Details of the costs and of 

the prtmary and secondary benefits shouldbe estimated so as to establish a 

true picture of the economic impact of the investment. 

2. A detailed inquiry into the technical and economic characteris

tics of the water supply system on Petit St. Vincent, over a period of 

several years, would yield invaluable information on their suitability under 

actual field conditions, while extending the work which has been initiated 

in these investigations. 

In addition, the following studies should be pursued: 

a) a comparison of the performance of insulated solar still 

baya with those currently in operation. 

b) an examination of the feasibility of using surplus electricity 

from the power station to preheat the sea water feed to the 

solar stills, in orde~_' to extend their period of useful 

production each day. 
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c) a solution of the difficulties experienced withthe floccula-

tion of rain water collected from wallaba-shingled roofs. 

Although this is not a universal problem, these roofs are used 

extensively in this region and the results of this research would 

improve the quality of the water consumed by the local inhabitants. 

3. A standard method should be formulated for the testing and 

evaluation of solar stills operating under field conditions in small communi· 

ties. The instrumentation and techniques employed should be simple so as to 

permit their extensive utilization. In particular, the measurement of the 

solar still basin and cover temperatures deserves attention. 

4. A standard procedure for setting out the costs of solar 

distillation plants must be established. In addition, the expenditures 

involved in the collection and storage of rain water must be clearly defined 

and quantified. The utilization of this information would reveal to the 

small community the level of rainfall intensity below which they should give 

serious consideration to the installation of a solar distillation plant. 

5. In order to assist the observer in the developing area to make 

proper decisions on water supply problems, a comparative study of existing 

large scale solar still installations, outlining construction techniques, 

technical characteristics and economic considerations, would be most useful. 

This should be coupled with an examination of: 

a) the potential for the increase of solar still productivities 

b) all relevant factorswhich will advise the 'smsll comniuni,~y :'as 

to; the opt~mum s,ize:~ of pl~ts~ for :'effici,enc and ecoilomic 

Q,p!,!~a,tion i·n .various environments. 
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6." If polyvinyl fluor ide ,film (Tedlar) continues to be used 

extensively for transparent covers of solar stills, then the following 

properties, bothfor wet and -férdry film which have been treated toproduce' 

sUl:'face wettability, should be measured in laboratoryexperiments: 

a) the emissivity and absorptivity 

b) the transmissivity for solar radiation at different angles 

of incidence 

c) the reflectivity for solar radiation at different angles of 

incidence 

d) the transmissivity for long-wave radiation from radiators 

at temperatures of up to two hundred degrees Fahrenheit. 

7. In order to extend the theoretical evaluation of the internal 

heat transfers within the solar stills, a detailed study should be made of 

the radiation heat transfer from the basin surface to the cover and to the 

environment. The effect of the water layer lining the transparent canopy 

on these radiation heat flows and the manner in which this influences the 

heat balances must be explored. Also it is necessary to examine the relative 

humidity of the air enclosed within the solar stills and its role in the 

determination of heat transfert The influence of these factors must be 

considered at all hours of the day and night in or der to establish their 

significance. 

8. A study of the performance of the floating wicks, and the 

problems of scaling and its detrimental effects on the output of the stills, 

should be lundertaken. The question of the economics of the use of this 

component in solar stills should be examined critically. , 
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CONCLUSIONS 

The results of this study can be summarized as follows: 

1. Solar distillation constitutes a technically feasible method of 

providing fresh water for a small community. 

2. Experience with the installations on Petit St. Vincent has demonstrated 

that the units can be built quite satisfactorily using local labour and 

resources. 

3. A method has been formulated for testing and evaluating ,the performance 

of the solar stills under field condition$ using simple instrumentation and 

techniques. 

4. The combinat ion of the solar distillation plant and the rainfall 

collection system, comprising the water works on this island, has proven to 

be dependable because of the complementary natures of the two components. 

5. Notwithstanding current operational difficulties, and considering 

annual charges only, the rainfall collection system on Petit St. Vincent 

produces water at a cheaper rate than the solar distillation plant. 

6. One advantage of solar distillation is that some fresh water is always 

available owing to the daily output of the units. 

7. Solar distillation is admirably suited for use by small communities as 

it provides them with an independent source of fresh water supply which is 

within their capacity to build, repair, operate and manage. 

8. Judging strictly from accounting charges, the solar distillation units 

studied in this report produce water at a relatively high cost. An analysis 

of these expenses has indicated, however, that this process constitutes a 

suitable investment for water supply systems in developing regions. This 

arises from the high proportion of local services and materials in the 
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expenditures. Potentia11y, the capital investment in this system has a low 

foreign exchange requirement ratio. The economic consequences resu1tant 

from this investment, incorporating a11 benefite, primary, secondary and 

others, will have to be examined when comparisons are made with alternative 

means of fresh water supp1y. 

9. Fina11y, it shou1d be recognised that assistance in the establishment of 

systems of fresh water supp1y for the thousands of sma11 communities in the 

deve10ping areas of the wor1d is rea11y an international social cos~which 

the wea1thier nations and regions must bear. The provision of certain basic 

materia1s for solar still construction is a humanitarian gesture which 

deserves serious attention. It is evident that the solar distillation 

process be10ngs to that type of intermediate techno1ogy which will enab1e 

sma11 communities to he1p themse1ves to increase their standard of living 

and economic we11-being. 
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Average Basin Average Cover 
Temperature Temperature 

tb tc 
oF oF 

90 ~O 

100 80 
90 

110 90 
100 

120 100 
110 

130 100 
110 

120 

140 110 

120 
130 

150 110 
120 
130 
140 

'---

~ 
~ 

TABLE No. l 

VARIATION OF CONVECTION REAT TRANSFER FROM BASIN SURFACE TO 
TRANSPARENT COYER OF SOLAR STILL 

Grashof Number Convection Corrected Temp. Convection Reat 
NGr Coefficient Difference Trans fer 

(Dimension1ess) C' 4/3 L::. t 1 Coefficient -

x 106 :afti/hr,.sq~ft;.?1J oF hc ' bc 
Btu/hr t sq.ft.,oF 

6.44 0.1288 12.5 0.299 

11.88 0.1278 23.2 0.364 
5.94 13.2 0.302 

11.10 0.1270 27.8 0.385 

5.55 14.4 0.309 

10.30 0.1265 30.3 0.395 
5.15 15.8 0.318 

14.85 49.0 0.467 

9.90 0.1275 34.0 0.413 

4.95 17.6 0.331 

14.14 56.2 0.488 

9.24 0.1275 40.0 0.436 
4.71 20.2 0.347 

18.06 80.4 -.0.553 
13.55 0.1282 66.9 0.520 
9.03 44.3 0.453 
4.52 20.8 0.353 

$ 
'W 

Convection Reat 
Transfer 

Brine to Cover 
qc'bc 

Btu/hr, sq.ft.,oF 

3.0 

7.3 
3.0 

7.7 
3.1 

7.9 
3.2 

14.0 
8.3 

3.3 

14.7 

8.7 
3.5 

22.2 
15.6 
9.1 
3.5 

! 

1 
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Basin Cover 
Temp. oF Temp.oF 

90 70 
80 

100 80 
90 

110 90 
100 

120 100 
110 

130 100 
110 
120 

140 110 
120 
130 

no 120 
130 

e e 

TABLE No. 2 

RADIATION BEAT TRANSFER'ROMBASIN .SURFACE 'TO TRANSPARENT COVER 
O'SOLAI. STILL 

Qr,lt Radiation Heat Transfer - Btu/hr,sQ~ft. Per cent decrease in radià-
Not aïïowing for absorp· A11owlngfor absorption tion>heat transfer due to 

tion by enc10sed gas by eric10sed gas effect of enc10sed gas 

18.4 11.3 38 
9.2 5.06 45 

' 19.0 11.2 41 
9.8 6.1 34 

20.9 12.4 41 
11.1 6.25 44 

22.6 14.15 37 
11.5 7.9 31 

34.0 , 19.5 43 
22.9 13,.25" 42 
11.4 5.36 ' 53 

, 

. 
35.7 18.5 '48 ' 
29.1 10.-6 56 
12.7 5.2 59 

' 37.3 '9.4 75 

- 25.9 4.0 -a5 

. 

1 

1 

1 
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Time Period 
1968 

January 

January 

February 

Mar ch 

April 

May 

Mar ch 

April 

May 

ft 

TABLE NOo 3 
.~ .. - ... ~.,,".,._-

REGRESSION LINE EQUATIONSRELATING SOLAR STILL PRODUCTIVITY TO INSOLATION 

Source of Data 
Solar Stills 

Bay No. l 

Bay No. II 

Average Bays l to IV 

" 

" 

" 
Bay No. V 

Bay No. V 

Bay No. V 

Equation 

Dw/Aa = 0.000201 Ia - 0.029 

Dw/Ag ~ O:OOO~~O ~ : 0.016 

~w/Ag = 0.000186 llr - 0.037 

D lA = 0.000218 l - 0.045 w-ll H 

Dw/AH = 0.000147 Ia + 0.004 

Dw/Aa = 0.000204 llr - 0.041 

D lA = 0.000260 L - 0.067 
w H Il 

Dw/Aa = 0.000194 lH - 0.020 

D lA = 0.000235 1 - 0.051 
w H H 

Number of 
Points Used 

6 

7 

12 

13 

14 

9 

12 

II 

12 

e 

Correlation 
Coefficient 

0.59 

0.83 

0.99 

0.86 

0.81 

0.92 

0.85 

0.81 

0.77 

where Dw1Aa is the productivity in U.S. Gal./sq.ft.,.day and IH is the insolation in :.l~ley'$.l:day. 
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2. 

3 1 

" 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
11. 

12. 
13. 

14. 
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TABLE No. 4 

MATERIALS SPECIFICATIONS LIST OF THE SOLAR STILLS ON PETIT ST. VINCENT 

Function 

Transparent Cover 

Basin and distillate 
trough liner 
Floating absorbent layer 

Clamp for transparent 
cover attachment 
Clamp for<.~ti:ans.patent·· 
covér attachment 
Clamp attachment to curb 
walls 
Adhesive to fiJC rubber 
sheet to curb wall 
Tape to cover clamp edge 

Weedicide for site 
preparation 
Sand 
Polyethylene film 
Basin forms 
Concrete curb walls 

Plastic pipe and fittings 
Miscellaneous, fasteners 

Specification 

4 mil polyvinyl fluor ide film 'mettabraided' 
on one side* 
30 mil, black, butyl. rubber sheet 

Black, non-woven~~ck of poly-acrylonitrile 
fibres* 2.25 ounces/sq.yd. 
Weatherproof plywood 3/4" thick 

Oval shaped electrical conduit 
3/8" wide x 7/8" long 
Nickel-plated concrete anchor bolts 
3/8" x 3-3/4" 
Butyl rubber adhesive 

Butyl rubber pressure-sensitive adhesive 
tape - 2" wide 
Dieldren type 

Beach sand 
4 mil thick, damp proof course 
Pine boards 
1:3:5 cement: sand: stone 
non-reinforced concrete mixture 
1-1/2" diameter for distillate 
3" diameter airblower inlet and brine 
out let systems 

Quantity Used 

10 ft. x 150 ft. 

11.2 ft. x 152 ft. 

B.7 ft. x 150 ft. 

0.5 ft. x aao ft. 

l300 feet 

1.5 feet spacing 
220 required 
6 gallons 

325 feet 

2. gallons 

625 cu. ft. 
10 ft. x 150 ft. 
500 lineal ft. 

aB.5" wide x 15" to 24" 
deep x 180' long 

+ Trade name registered with theU.S. Patent Office - Tedlar 

* Trade name registered with the U.S. Patent Office - Orlon 

-
Estimated 

Useful 
Life :...:lears 

5 

20 

4 

2 

2 

2 

2 

2 

20 

20 
20 

20 

20 
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.TABLE NO. 5 . 

PRE L l MIN A RYE S T l ·M A T ·E S June, 1968 

CONSTRUCTION COST. ANALYSIS OF A SOLAR STILL BAY 

Effective area = 1,285 sq. ft. 

ITEM Materia1 Spec. Materia1 Costs 
Number US $ 

Transparent ·cover 

Basin liner 

F10ating layer 

C1amping system 

Still foundations 

Curb wa11s & end wa11s * 
Fittings 

Supervision - 20% 

1 

2 

3 

4,5,6,i' ,8 

·9,10,11 

12,13 

14 

Adding 20% to materia1s for 
adminis tration 

570 

400 

100 
363 . 

70 

115 

70 

1,688 

337 

Required . Labour Cost % of Total 
1àbour hrs. US $ Cost 

40 20 24.5 

75 38 22.3 

208 104 19.4 

240 50 5.0 

1,085 313 17.8 

48 24 3.9 

340 170 7.1 

2,036 719 100.0 

1.6 hrs. 0.56 Cost per sq. ft. of solar still 

Cost materia1s and labour 

"2,025 

1.58 

2.14 

2,750 

41,250 

N.B. The labour charges are variable and 
have beentaken from measurements .and 
estimates. Al10wance has beenmàde 
for the ·differentialin ·labour skills. 

Oost per bay 

Cost per 15 bays 

* Bach bay is charged 17/15 rails to a110w for the extra rails. 
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ITEM 

Land 
Clea~ing of aite 
Site survey 

, Preliminary design 
Sea water pumps and 

installation 
Reservoir - sea water 
Sea water Unes 
Disti1late pumps and 

insta1.lation 
Distillate measurement 

tanks 

) 

e 

TABLE No. 6 

PRE LI MIN A"R Y EST l M A TE S - June, 1968 

Costs of Solar Sea Water Distillation Plant Components 

(based" on Plant in PSVof 15 bays) 

ULj 

430 Taken pro rata fram the island purchase price 
200 
175 

2,000 Estimated 

1,000 
1,260 

175 

600 

600 
On site piping and mise. 1,000 Inc1udes distil1ate and rain water piping to collection 

~e8ervoir8 
E1ectrical installation 

D .C • air b10wer system 
Brine drain 
Dup1icat~ di~ti11ate 

cisterns 
Piping to the &torage 

Area reservoir 
Law level cistern 
Contingencies 

Investment in Plant 
auxiliaries 

1,270 

450 
1,400 

1,000 

1,300 
3,500 
2.750 

19,110 

Inc1udes the installation of a power line from the storage 
building to the still 

Concrete culvert to carry piping and return brine to the sea 

On site collection ci8terns~ 3,800 US ga1s.each 

3" PVC pipe to the f1;esh water system 
One quarter of the large reservoir will store distillate 
15% of the total amount 

Investment cost per sq. ft. of solar still 
- 19,110/15x 1,285 - -$ 0 .. 99 US!ft2 

Total investment in solar still plant = $ 3.13 US/ft2 

• 
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TABLE NO. 7 

PRE L 1 MIN A R Y . E 8 t 1 M A TBS - June, 1968 

Annual 0perating Charges forSolar gistillation fiant 
(based on 1 solar still bay) 

ft 

~ U.S. $ 
.. Useful . Eil .. , 

Sum of Single payment 
Present Worth Factors 

4 

Capital Recovery Factor 
for 20 year life 

Amortization of 801ar Stil1s 280 
Amortization of Auxiliaries 129 
Amortization of Pumps 16 
Amortization of Blower System 5 
Amortization of still components 88 

21 
214 

Electrica1 4 
10 

Labour 81 
Maintenance 80 
lnsurance~ administration ~ 

Est~ted annua1 coste 1008 

•••••••• ~ .Y.~ë:!-~f! ". • • • • • • • • • • • • • • • • • • •• 1.4590 
B10wers - 5 years (a11 system) ••••• 1.4590 
Transparent cover - 5 years ........... 1.4590 
Floating layer .. 4 years............ 1,.9680 
Clamping system. 2 yeal:'s~ •••••••••• 4.5057 
1 bat.tery/year 
Electrical power consumption 
1 attendant full time at $3 per day 
2% of capital inveStment of 60;360 

@ 8% III 0.10185 

Est~ted distillate production from solar still, taken from. Chapter 2, III 33,000 U.S.gallons perbay. 
Estimated cost per 1,000 gaL = 1008/33 = $30.50 per 1,000 gal~ 
The collection efficiency of rainfal1 should be at least90%, hence for the catchment area of 1,530 sq. ft~, 
the following rainfall collection shou1d be realized: 
Ra in fa 11 in./year Collected Raim.Water 

20 
25 
30 
35 
40 
45 
50 

U.S.gals. 
17,250 
21,500 
25,900 
30,WO 
34,500 
38,800 
43,100 

Cost of Fresh Waterfrom Combined 
Watèr Plant U.S. $/1,000 U.S. gals. 

20.00 
18.50 
17.10 
16.00 
14.90 
14.05 
l3~20 

It should be realized that the distillate production may be affected during periodsof greater rainfall intensity. 
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LOCATION 

Pavilion 
High Level Cistern 
Law Level Cistern 
Windward Beach 
Cisterne 

Guest Cottages - No. 1 
No. 2 
No. 3 

* Estimates 

e 

TABLE NO. 8 

PRE L 1 H 1 N AR Y EST 1 HAT E S - June i 968 

THE' CAPACITY'OF 'THE: _TER' SlORAGE: :CISTEBNS ON PETIT ST • VINCENT 

SIZE 
US gals. 

17,200 
51,600 

240,000 
12,600 * 
8,500 * 

10,000,* 

9,600 
9,600 

10,800 

COST 
US $ 

2,700, 
3,300 

14,000 * 
2,900 * 

880 
880 
880 

Total Cistern Capacity 
Total Cistern Cost 

•. p 

REMARKS 

Being constructed - four compartments 

These three cistèrns have not been 
built and the sizesare variable and 
might be alt'ered slightly 

369,900 U~S. Gallons 
25,540U.S. Dollars 

N.B. For eachcistern an additional cost of $75 has been charged for 
lïscellaneous piping, sight g~ass, downspouts., etc. 

This includes anticipated construction projects till the end of 1968. 

• 
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TABLE NO. ~ 

PRE LI MIN AR Y EST lM A TES - June, 1968 

PIPING SYSTEM FOR RAltI.WATER (WALLABA) COLLECTION AND DISTRIBUTION 

SECTION OF PIPE 

Guest Rouses ta 
Treatment Plant 

Pavilion to Treatment 
Plant 

Gueat. houses ta Beach 
Cottages 

Manager's Rouse etc. 
ta Cistern 

Pavilion té Law 
Level Cistern 

Approx. 
1ength 

ft. 

550 

50 

1·,260 

140 

280 

2,280 

Trench Charge 
$US/ft. 

0.15 

0.12 

0.15 and 
0.10 

0.15 

0.15 

The excavation trench will also hold the fr~sh 
water and e1ectrica1 connections. 

Trench Cost 
$ US 

Pipe Size 
ins. 

Pipe Cost 
per 100 ft. 

$ US 

83 

6 

153 

21 

42 

305 

1-1/2 20.73 

2 27.93 

1-1/2 20.13 

1 .. 112 20.73 

1-1/2 20.73 

10% Extras,Miscellaneaus 
* 50% Valves, flttings, etc. 

Estimated Labour charge for 
installation 

1/2 cost of trench charged to the fresh water system Total Piping Cost 
Excavation charge 1/6 ta electrical . 

1/3 to wa11aba water 
Administrative'charge 20% 

Total charges· 

* This is an estimate based on actually calculatedcosts on other 
pipi.ng systems. 

Pipe Cost 
$ US 

114 

l~ 

262 

29 

58 

477 

4:& 
260 

286 

1,071 
102 

1,173 
234 

1,407 

• 
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TABLE NO. 10 

PRELIMINARY ESTIMATES 

Cost of Building Guttering Syst~ms 

June, 1968 

In aIl cases the guttering system used is identica1 and costs of the order of $1.65 US 
per foot of 1ength. The cost of regu1ar guttering has been deducted from this price and a total 
cost of $1.52 US per foot has been used in most cases. 

Building Type Number Perime ter Installed Cost 
of per roof US $ per roof 

Buildings ft. 

Pavilion -1 
Guest Cottages 6 152 230 
Beach Cottages 6 197 300 
Staff Day Quarters 1 123 186 
Ice Rouse 1 228 347 
Power Rouse * 1 60 8 
Staff Rouses * 2 140 18 
Manager' s Rouse * 1 ~4 35 
New Beach Cottages 2 186 283 

* Use of Conventional Gutters. Total Cost of Gutters In Manager's Rouse, different type. 

Capital Investment Charges for Rain,Water Collection System 

Cisterns - includes aIl cisterns except the high level and 
3/4 of the 10w level tanks 

Pumps for Water Conveyance, installed and sheltered (spare) 
Piping for Wallaba Water and Installation 
Treatment Cistern and Auxi1iary Equipment 
Guttering System 
Misce11aneous - 10% of above 
Administration - 20% of aIl items except piping and guttering 

Total investment 

Total Cost 
US $ 

1,380 
1,800 

186 
347 

8 
36 
35 

566 

4,358 

Us $ 

11,720 
1,000 
1,407 

500 
4,358 
1,990 
3.010 

23,985 
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TABLE NO. 11 

PRE L l MIN A RYE S T 1 M'A TES - June, 1968 

Annual Charges for the Operation of the Rainfall Collection System 
i 

Maintenance ) 
and Supplies) 

Power Costs 

Cleaning of gutters etc. labour 
Paint - gutters 
Paint - roofs 
Roof painting - labour 
Tank cleaning - labour 
Screens for cistern filters 
Spare parts, mi~cellaneous, etc' 

Amortization of Fixed Assets over 20 years 
Amortization g~ Pumps over 5 ye~rs 
Treatment of Rain· 'Water- Chemicals 

$ 

Supervision Labour, oper?tion of system, etc. 
Administration, 'CdntÜlgencies etc. 

Approximate Annual Costs 

* Initially the cost should be greater, but will 
diminish with time. 

525 
60 

193 
14 
,35 
50 

300 

40 
2,440 

148 
50' 

600 
500 

4,955 

u.S. 

* 

Capital Recovery Factor for 
20 year life @ 8% = 0.10185. 

Sum of Single payment- Present 
Worth factors = 1.4590. 

It should be borne in mind that i,n a few years the stain from the wallaba shingles 
should be less and this will reduce to some extent the annual charges. The principal charges 
will be relatively unaffected however, as the investment has already been undertaken. The power, 
chemical, extra labour costs are not necessarily excessive. 

Examining daily rainfall records for the neighbouring regions, about 2% of the rainfall 
occurs in intensities of less than 5 parts of an inch and must be discounted. Allowing another 
3% miscellaneous losses and an average wallaba roof collection efficiency of 85%, and assuming 
that of the collected water 20% is lost to leakage, spoilage, treatment wastage,etc., the 
following table estimates the unit cost of this water: 



® 

Annual Rainfa11 
ins./annum 

20 
25 
30 
35 
40 
45 
50 

Potential Rainfall 
Collection 

US gals./annum 

408,000 
510,000 
612,000 
714,000 
816,000 
918,000 

1,020,000 

ct 

TABLE NO. 11 Continued 

Actual Collection. 
of Rain Water 
US gals. / annum 

252,000 
326,000 
391,000 
457,000 
522,000 
588,000 
652,000 

Approx. Cost per 1,000 US 
gals. assuming reasonably 
fixed Annual Charges $ US 

19.70 
15.20 
12.70 
10.85 
9.50 
8.42 
7.60 

These figures should be modified by the addition of the rain water co11ected from the galvanized steel roofs of the 
low leve1 storage cistern and the storage building, a total area of 7,500 sq. ft. The collection efficiency is 
ninety per cent, and an overall loss factor of ten per cent has been a1lowed in this case. The additiona1 invest
ment charges are very small and this will not affect the annual operating charges. This water requires no treat
ment, except filtration and chlorination. 

20 94,000 75,000 15.20 
25 117,000 94,000 11.80 
30 140,000 112,000 9.87 
35 164,000 131,000 8.43 
40 187,000 150,000 7.38 
45 211,000 169,000 6.55 
50 234,000 187,500 5.92 



~ 
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Pipe Size 
ins. 

3 
3 
1-1/2 
2-1/2 
1 

Distance 
ft. 

882 
227 
550 
946 
280 
840 
400 

e 

TABLE NO. 12 

PRE L l MIN A RYE S T l MAT E S - June, 1968 

Cost of Fresh Water Piping System on PSV 

Cost of 
Trench 

Cost of 
Pipe 

Cost of 
Fittings 

Connecting Points 

US $ US $ 

512 130 High 1eve1 cistern to pumphouse 
132 80 Pumphouse to pavi1ion 
114 50 Pavi1ion to 3 guest houses 
420 64 Pavi1ion to dockhouse 

36 50 Dockhouse to jetty 
235 85 Dockhouse to Cross Hill houses 
83 25 - do - Manager's house 

• 

2 
1-1/2 . 
2 1,260 

133 
34 
83 

114 
28 

185 
60 

133 352 150 Guest houses to beach cottages and 

1 
2 

200 
840 

20 
126 

beach main line 
26 50 Beach cottage feeders 

235 85 - do - to staff houses to 
Power station 

3 
2 

160 25 . 93 171 Low 1eve1 cistern to power station 
840 126 235 85 To new guest cottages on NE hill 

7,425 1,067 
In order to get an effective 
charge for the excavation, the 
fo1lowing deductions must be 
made: 

20% for Administration 200 
1,267 

Less wallaba cost 102 
Less electricals 200 
Charge to fresh water 965 

2,473 1,130 (Inc1udes 10% for extras) 
247 10% extras for piping, for hand1ing etc. 

1.130 extras for valves, fittings etc. 
3,850 

770 
4,620 

800 
5,420 

965 

6,385 

20% for administration, supervision 
Total piping charge 
Estimated labour installation cost 
Piping cost, labour and materials 

Investment in Water System Piping 
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TABLE No. 13 

PRE L 1 MIN A RYE S T 1 MAT E S - June, 1968 

ANNUAL COSTS FOR THE FRESH WATER RETICULATION SYSTEM 

Investment in Equipment 

Piping and Installation charges 
Cisterns - high level storage and 1/2 low level storage 
Reticulation Pumps 
Installation of Pumps, Electrical connection, power house space, etc. 

Total Investment 

Annual Operating Charges - based on annual demand of 1,600,000 US gals. 

Electric power costs 
Amortization of piping system + cisterns - 20 year life 
Amortization of pumps etc. - 5 year life 
Maintenance: Cistern cleaning 

Repairs to piping 
Materials 

Operating labour (2/3 attendant) 

US $ 

6,385 
10',300 

850 
750 

18,285 

100 
1,855 

127 
50 

100 
200 
500 

Annual Charges 2,932 

Estimated charge to water per 1,000 US gals. = 2,932/1600 = $1.83 US per 1,000 US gals. 

This charge can be al10cated between the two principal water supply sources, the solar stills 
and theta'in .water collection system in proportion to the amount each supplies to the system. 

Capital recovery factor for 20 year life@ 8 % = 0.10185. 

Sum of Single Payment - Present Worth factors 
fer pumps -- 5 year life @ 8 % -1.459 
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TABLE NO. 14 

COMPARIS0N OF THE: CHARACTERIS'rleS: 0F;THE"WATER-SBPH:r:-'SYSTEMS' -eN·.:P-ETIT ST. VINCENT 

Charaeteristie 

.Ie.sh..ni.,gal-.,Ço~.1d~r;!t..!e~s_ 
'PresentSituation . 

Future Prospects 

SolarDisti11ation Plant 

Censiderab1e effortis underway for the 
improvement of the components of the 
stills, bearing in mind the semi
experimental nature of the installation. 
The chief difficulties are the design of 
the clamping system and the precipitation 
of salts on the floating wicks. Studies 
are continuing on most details of the 
stills to improve the output and the 
efficiency. This should also reduce the 
amount of operating labour necessary. 
Improvements in techniques and components 
have already been rewarded through 
increased productivities. 

New developments in solar distillation 
technology along with continuing 
improvement of the existingplant,point 
to increased fresh water outputs in the 
future. Plans are underway to determine 
the technical and economic feasibility 
of insulating the basins of a number of 
bays. Also the use of off-peak 
electrical power to preheat the sea 
water feed is being contemplated. This 
would extend the operation of the 
stills into nocturnal production, which 
constitutes a study in itself. The 
earlier work of Tleimat in this field 
has been noted. 66 

Rainfa11 Collection System 

A serious problem exists in the 
precipitation of the wallaba stain from 
the rain water •. This problem has yet to 
be satisfactorily resolved although it is 
expected that a solution will be forth
coming shortly. The operating procedures 
of the flocculation treatment plant have 
not yet been finalized. These will more 
adequately determine the amount of 
wastage during the treatment process 
which affects the overall yield of 
usable effluent. 

There does not appear much that can be 
doue to increase the yields. This 
technology is well established and 
the collection systems have been 
substantially equipped. On the 
contrary, the future should see 
increased effort and expenditure to 
ensure that the water does not become 
contaminated as the collection system 
must store water from the wet summer 
season to the dry winter season, the 
period of maximum demande 
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Characteristic 

D~pendability 
of System 

Water Quality 

Acceptab il ity 

Costs 

69 

TABLE NO. 14 Continued 

Solar Distillation Plant 

The variation of solar radiation 
intensity has been given in Tables Nos. 
E-l and B-2. The fluctuations do not 
appear too great and a reasonably 
predictable output, as outlined in Chapter 
II, can be relied upon. In addition, the 
solar stills in P.S.V. have certainly 
proven to be an effective, highly 
efficient rainfall catchment producing an 
effluent of good quality. 
There can be no doubt that good quality 
water can be easily produced from the solar 
stills. Contamination may arise from the 
ra in water collected from the transparent 
canopy and from later transfer and 
storage stages. 
During the period of time of operation of 
these stills, there have been no complaints 
regarding the quality of the distilled 
water. Generally, desalinated water is 
looked upon favourably by the touriste 

These have been outlined and discussed 
in Chapter 3. 

, 
Rainfall Collection System 

The cyclical variation of rainfall 
intensity is not well documented for the 
Grenadines. All of the available 
information is listed in Table No. B-l. 
From these records, a severe reduction 
in precipitation resulting in drought 
does not seem to be common, save for the 
comments on climatology outlined in 
Appendix B. 

There is a constant danger from 
contamination which must be scrupulous
ly checked if a high quality water is 
desired. This is particularly true of 
the operation of storage reservoirs in 
tropical regions. 
The use of rain water seems quite 
acceptable, once the discolouration 
problem has been satisfactorily recti
fied. In sorne circles the tourist trade 
does not find rain water acceptable as 
a sole source of fresh water supply. 
These have been outlined and discussed 
in Chapter g. 

In both cases, the reticulation system costs, as outlined in Chapter 4, must be added 
in proportion to the amount of fresh water produced. 

The results are in basic agreement with the findings of Howe in his work in the South 
Pacific where he states: 

"It should be emphasized that rainfall catchment on roof areas should be cheaper 
than the combinat ion of solar distillation with rainfall collection on the top of the 
solarstill, wherever roof areas are of sufficient magnitude. Only when the cost of 
the cistern capacity is extremely large can the sotar still be justified in competi-
tion with a catchment system on an existing roof. Il 33, p. 180) . 



APPENDIX A 

HISTORICAL" REVIEW" OF SOLAR DISTILLATION 

It is written in La ,Sainte Bible: "Ce qui fut, cela sera; ce qui 

s'est fait, se refera; et il n'y a rien de nouveau sous le soleil. iI (1,p.848) 

Solar distillation is really no, exception. Its principle was known 

ta the ancients. Although theremay be others, the first mention of.solar 

distillation known to the author was reported by Mouchot(2,p.13) who stated 

that the,Arabs "se servaient de vases.de.verre pour opérer certaines 

distillations au soleil." He then elaborated on their method as follows: 

"Au dire des alchimistes, les Arabes pour opérer certaines distillations au 

soleil, se servaient de miroirs concaves, po 1:15; fabriqués à Damas. Ii (Z, p. 87) 

In l'Histoire Naturelle, published in 1551, Adam Loncier depicted by means of 

an illustration a similar procedure for distilling, amongst other items, the 

essential oils of flowers.(2,p.87) 

The next report on solar distillation comes in the excellent 

historical review of desalination,by Nebbia and Menozzi3• They quote.the 

work of Dellaporta,4 published in 1589, whose apparatus is illustrated in 

Plate No. A-l, page A-2. 

Obviously, the distillation capabilities of solar energy:were.well 

understood although no specifie reference to water desalination wasmade •. 

It must be.noted, howev~r, that Della Porta published several other books on 

desalination experiments.(3,p.141) 
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PLATE A-I: SOLAR DISTILLATION APPARATUS OF DELLA PORTA 

Translation of the Latin kindly supplied by the Department of Education, 
Macdonald College of McGi11 University. 

ABOUT DISTILLING 

•••• insert these into wide earthen pots full of water, so that the vapours 
may thicken more quickly into water. Turn aIl this apparatus, when it has 
been very carefully prepared, to the most intense heat of the sun's rays : 
for immediately the y dissolve into vapours, and will fall drop by drop into 
the vases which have been placed underneath. In the evening, after sunset, 
remove them and fill with new herbs. Knot-grass, also commonly called 
"sparrow's tongue", when it has been cut up and distilled is very good for 
inflammation of the eyes and other afflictions. From the ground-pine is 
produced a liguid which will end aIl convulsions if the sick man washes 
his limbs with it : and there are other examples too numerous to mention. 
The picture demonstrates the method of distilling. 
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The first specificreference.to:the·possibi1ities of solar disti11a-
, 

tion were.made by an Ita1ian, Nico10 Ghezzi, who wrote a short treatise.in 1742 

where.he proposedthe fo1lowing which has been freely translated.from the 

original Italian sèript:(3,p.162) 

"Perhaps placing a.cast.ironvase containing seawater 
.. - in 'such a manner that the sun' s rays will strike it 
. (and during mild days: and. seasons, not an insignifi
.cant· amount of vapour.wi11 be formed) and if the spout 
of the vaseis shaded from the sun, it will r~sult in 
a more copious and more extended flow offresh water." 

The nextreference.to solar.distillation was given by Harding?-who 

reported.on.a 51,200 sq. ft. still erected near Las Salinas, Chile. This 

unit was of the greenhouseor roof type. solar still. No mention is.made·.of 

what inspired the builder, a Mr •. Wi1son,.regarding this design. It.isknown 

that the productivity of the still in summer·was upwards of one pound of. 

fresh water produced per square foot of evaporating surface perday.~5,~.287) 

It is an interesting reflection on.the.simplicity of the.process that 

productivities reported from solar sti11s recently bui1t are of the same 

order of magnitude. 

For awhile after this, no reports of solar sti1ls appear to have' 

been pub1ished. In the decade fo'llowing. World War· 1, interest was renewed". 

in solar distillation. . Many publications. have. fol1owed .. with reports on .. _ . 

the process in general, often accompanied.by descriptions of small sti1ls 

of .the.roof.type,.V-covered, ti1ted~wick,.inc1ined tray, susp~nded 

envelope, tubular, or air inf1ated design. 

These arelisted below: 

_6, 7, 8, 9, 10, Il, 12, 13, 14, 15, 16,17, 18, 

19, 20~ 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
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31; 32, 33, 34, 35, 36,.37, 38, 39, 40, 41, 

.42, ·43, 44, 45, 46, 47, .48, 49, 50, 51, 52~ 

. 53, 54, 55, 56, 57, 58, .59, 60, 61, 62, 63, . 

.64, 65, 66, 67, .68, 69, 70, 71, 72, 73, 74, 

75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85 

In order to increase theproductivity, several workers have tried 

forced.circu1atiqn systems to condense·the water vapour exte~na11y fromthe 

still. Others.tried to recapture the.1atent heat of evaporation through 

multiple effect systems or humidification. systems. The following isa 

list of publications dealing.with these.efforts: 

.74, 75,76, 86, 87, 88, 89, 90,91, 92, 93, 

94, 95, 96, 97, 98, 99, 100 

Several large solar distillation schemes have been proposed while 

others.have considered combination plants which generatedpower as well as 

desalt~ saline water. 3l , 101, 102, 103, 104, 105, 106 

Alternative uses besides desalination were.also found for solar 

stills, such as regenerating solutions, and obtaining fresh water from the 

ground. 63 , 107, 108, 109 

There are a number of plans and specifications for the building of 

solar stills which have been published. 110 , 111, 112, 113, 114, 115 

Quite a few patents have a1sO.been issued in this field. With a 

few exceptions, they genera1ly dea1.with sma11 solar sti1ls, etc • 

. 116, .117 , 118, 119, 120, 121, 122, 123, 124, 

.125, .126, 127, 128, 129, 130, 131, 132, 133, 

134, 135, 136, 137, 138, 139, 140 
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It goes without saying that.small stil~s of under several hundred 

squarefeet in area, as have beendescribed, are'most useful for·individual 

family units in isolated areas. Stil1s . of .. this type have been extensively 

tested, particularly at the University ofCalifornia, Berkè1ey,as reported 

in 1961 by McLeod, . et al'. 52 They give results of productivity of a small 

solar still for seven years, ·1952-1959 which is, to the author's knowledge, . 

the longest recorded output of a solar still.(52,p.6) The Las Salinas still 

in Chi1e was reputed to have run for 40 years but.records do not appear to 

have been pub1ished. 3l 

Work on larger solar sti1ls was initiated through the efforts of 

the Office of Saline Water, U.S. Department of the Interior, reported mainly 

by Lëf and the Batte1le Memorial Institute. Thiswork.was carried out· 

hi fI h S 1 R h S i D B h FI id 
8, 9,45, 46, 

c e y att e 0 ar esearc tat on, aytona eac, or a. 

141, 142, 143,144,145, 146, 147 

These stills were glass covered units, and one was 2,500 square. 

feet in area. Although primarily designed as deep basin evaporators with 

a depth of sea.water up to 12 inches,.there was continuous experimentation 

in solar still operation, which was excellently reportedin the final 

publication in this series.147 

Concurrent1y, several other.designs of stil1s were tested, 

includingthe.air inflated plasticandtilted wick stil1s.· The former were 

tested for the Chur ch World Service147 who were instrumental, in 1964,.in 

the installation of the first large. plastic solar still on Symi, a small 

Greek island in the DOdecanese. 148 , 149 S~bsequently, several other stills 

were built on small Greek islands.19 , 150, 151 Recent communication from 
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the Chur ch Wor1d Service hasindicated that continuedinterest in solar .. 

distillation has resu1ted in the. insta11ation,'LatelY;J of a new type. of ... 

solar distillation unit on Symi and.Perdika (Greece).152, ~53 The initial. 

resu1ts are encouraging and these deve10pments merit close attention. 

Other.signifieant activities haveresu1ted in solar still insta11a

tionsin Spain154 , 155, 156, 157 and.Australia158; 159, 160, 161, 162. 

In both countries,.glass covered sti11s.have been .favoured. The Austra1ians 

have bui1t the 1argest still, 38,000.squarefeet of evaporator area, todate 

at Coober Peby, South Austra1ia.158 

The important work of Howe,.T1eimat, et al, in this field must.be 

mentioned. 33, .34, 35, 79, 151 In. particu1ar, their co11aborative efforts. 

with the South Pacific Commission.in the.testing and installation of solar 

stil1s on sma11 is1ands in the Pacif.ic Ocean havebeen most informative 

and usefu1 in reso1ving.prob1ems.affecting fresh water provision tO.sma11 .. 

communities •. These installations are.not quite so 1arge.as the others, . 

havingbeen designed main1y for.fami1y use. One unit on Fiji was near1y 300. 

square feet in area. 1S1 The workofthis group in stressing the importance 

of rainfall collection and storage :1ncotnbination with so1:ar stil1s clearly 

parallels the present study. 

Fina11y, .the recent work of Ed1in on a new type of solar disti11a~ 

tion unithasyet to be pub1ished and,discussed in the technica1 1iterature •. 

Nonethe1ess,~this.might.ho1d promise.for.more efficient solar distillation. 

plants. in thefuture.163 .Prototypes.of_thi~ mode1 are being insta11ed.in 

Symi and Perdika, .. Greece. The. technica1. performance has. yet to be .. 

confirmed. Also, the economics of the operation are.notknowu. 
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The abave analysis is indicative of ·the very nature'of solar .. 

distillation technology. Itis by.no. me ans stagnant. In this respec.t..,.:.this 

report must not be regarded as the. final word in.thisfield. Improvements 

are cantinuously being made which hopefully will reduce the costs and 

increase the productivity of solar stills.· With this in mind, further 

advances in technology.shouldmake the future use of solar distillation 

even more feasible •. 
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,APPENDIX B 

Physical Geography and Climatology of the Grenadines and Environment 

Prior to an analysis of the existing water works, an assessment of 

the physical environment'will elucidate some of the reasons for the utili-

zation of this particular technology in this area. 

Physical Geography 

In order to appr7ciate the conditions under which this study is 

being undertaken, it is necessary to examine the geographical cha·racter-

istics of the reg ion. 

The Grenadines form a'series of numerous, small islands located in 

the far eastern Caribbean, stretching between Grenada and St. Vincent. 
o 0 

,Thei~ general geog·raphical location lies between latitudes 12 N and 14 N 
°0 

and longitudes 60 W arid 62 w.. Politically they are dependencies of these 

two territories, about one t~ird of the group belonging to Grenada, 

including Carriacou, which is the largest and most populous. Petit St. 

Vincent (PSV) is the most southerly of the islands administered by St. 

Vincent. The general area' is well illustratèd in Map No. 1. Petit St. 

Vincent was accidentally'granted to the jurisdiction of St. Vincent in 
" 

(1 p.22) 1791 when latitude was,-used as the basis for partitioning the'Grenadines. ' 

Its proximity to the oEher islands attached to Grenada, in particular 

Petit Martinique, presents some significant administrative difficulties 

regarding questions of customs, immigration and communications. 

The total land area of the Grenadines is 'only 35 square miles, 
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while the local population probably do es not exceed 20,000. The most 

recent study of the region lias been undertaken by Kingsburyl. His excellent 

work continuously stresses the lack of water in the region and the effect 

this has had on coramercial activities. The average rainfall for the 

Grenadines is between 35 and 55 inches per year, with the heaviest 

precipitation generally in the period June to September. Water shortages 

are not uncommon, and il'!- p~riods of drought, water must often be haule.d 

to the islandl3, especially those lying between Carriacpu and Canouan. 
l, 

Severe droughts have afflicte·d the islands for centuries, as attested by 

articles quoted by Kingsbury. Even as late as 1959, a serious drought 

in Carriacou necessitated the expedition of emergency food supplies from 

d . id . (\1 p.27) Grena a to avo starvat10n.' 

The vegetation on Petit St. Vincent consists mainly of short, 

scrawny trees, principally manchineel and·sea grape, which are often 

stunted and bent over due to the strong, prevailing trade winds. The island 

is quite hilly, particularly in the northeastern section. The solar stills. 

are located at the western edge of one of the few relatively fIat sections 

stretching across the centre of the island. 

Until the initiation of this hotel development project, the island 

had been uninhabited. It has·~· in the past, provided the neighbouring 

islanders with firewood. 

It is interesting to note that the neighbouring islanders also used 

to come to Petit St. Vincent -to obtain supplies of fresh water following . 

·f heavy showers. According to local tradition, shallow wells were dug in 

low lying areas in the centre of the is land , where presumably a lens of 

fresh water overlies the sea water following a heavy rainfall. These wells 
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~pparently turned brackish after a few days use. Several shallow wells 

have also been dug in recent years. However,they have ,aIL proved unsuit-

able for human consumption. 

The climatology,of Petit St~ Vincent is not documented, save for the 

readings included in this report. As a result, it has been nece~sary to 

gather whatever information happened to be available from the neighbouring 

populat~d Grenadine Islands, and even from as far away as Barbados, a 

distance of some 125 miles. 

ln general, however, the climatic conditions on these low relief 

islands in the south-c:iastern Caribbean vary little 'from one to another.· 

They lie in the t'rade wind 'bèIt which moderates the' temperatures so there 

is not much sèasonal d'fange. ,The solar radiation does vary throughout 

the year, ~ut not markedly. The rainfall' intensity changes ft;om year to 

year ,aswell'as during the year. There are two seasoIis, one dry and one 

wet. This cycle is crucial'in the Grenadines, however. Ki~gSbury(l,. p. 5-6) 

has descr.ibed general conditions as follows: 

"Further, thereare no permanent streams, no lakes, and 
few'other natural storage facilities, and. the common, short, heavy 
downpours run offrapidly down the sharp slopes to the sea. 

So unreliable is this rainfall and so unsuccessful are the 
inhabitants and their land in retaining what is received that aIL 
of these islands faèèÈl perpetuaI water shortage." 

This brief outline serves as background material to illustrate 

the reasons for the choice on Petit St. Vincent of a dual solar distil-

lation-rainfall catchment water worksJsystem. 

B-3 



Rainfa11 Estimates 

Iii order to evaluate the performance of the rainfall ·collection 

system, both from the solar still covers and the building roofs, it was' 

necessary to measure the rainfa1L Rain gauges were first installed on 

P.s.v. in mid-Deeember, "1967,. and measurements have been recorded contin-

uous1y ever since. In-order toassess therainfa11 for the community 

(P. S . v..) and examine ifs :'cyc lica1 var iat ion, records for stations in the 

neighbouring .Grenadine--·îs lands and Barbadoswere g~thered and month1y and 
. . 

annua1 meansweI'e ca1cu1atëâ'~ AU these data ar'e listed:ïln 'X.ab1e No. B-l. 

'Xhe locations of each of these is1ands, apart from Barbados, ar.e shd(.m on 

Map No. L Bequia, the"'most norther1y. and c10sest to St. Vincent, has by 

far the highest average rainfa11. 'Xhere is a significant variation in 

rainfaU -:- apparent1yflüétu~ting from 35 to 55 inches per year for :the 

is lands south of· Bequia. 

'Xhe recor.ds for 5 stat:i.ons were averaged, along with a composite '. 

reading for Carriacou,for the pe1;'iod 1935-1943. It .isinteresting to. 

*ote that,on the average, this périod was 15% wetter than the1963-67 

.,. 

readings for thé same locations. Forcomp1eteness, resu1ts for the heavier 
. . 

rainfa11 is.lands of Bequlaand Mustique have a1so been listed. FinaUy,. 

the measured rainfallfrotn P.S.V. has beencompared directly with values 

. fromadjacent is1ands. for the same time period ~nd the resu1ts are listed 

in 'Xab1e No. E-4. 

Re1ating these resürts. ·to the reglona1 average given ·in 'Xab1é No 0 B-1) 

an estimate of the anticipated annua1 rainfall for P.S.V. can be made for 

a preliminary cost assessment of>.the rainfall collection systems. 

It is evident that a definite dry season exists from January to May, 
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with the greatest precipitation falling from July to November. This 

constitutes the principal reason for the selection of a desalination system 

to supplement rainfall collect'ion on P.S. V. The period of the greatèst 

demand for fresh water from the touris~ trade comes during the ~ntél(Val from 
, " 

December to March, which'falls precisely during the time of minimum supply 

from rainfalL Rence, storage must be resorted to, with all its inherent 

difficulties and expenditüte. "Therefore, a reliable and suitable desal-

ination system, such asa solar distillation plant, can satisfy, in part, the 

regular daily fresh water reqüirement during this period of maximum demand. 

Indealing withsucha fickle industry as tourism, insurance of an adequate 

and satisfactory water supply", constitutes sound investment practiee. : 

Solar Radiation' 

The most readily available and reliable solar radiation records of 

the area are those measured at the Brace Experiment Station, Barbados, a 

distance of some 125 miles nor,th east o~ P.S.V. These are listed in 

Table No. Boo 2. Unfortunat"ely no dependable measurements are currently 

being taken so it has bèen necessary to compare the measured values of 

solar radiation intensity-" on P~S.V. with this data of 1963~64. The mean 

daily diffuse radiation "for 1964 has also been given, and the percentage 

of diffuse'radiation calculated for this year. 

The climatologic~l reco;rds"measured on P.S.V. including thesolar, 
" -=-.' " 

radiation intensities have been tabulated in Appendix E. 
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TABLE No. B-1 

RAINF ALL RECORDS:.F0R- CER TAIN- LOCALI-TIESIN EAS TERN. CARIBBEAN 

(AlI Amounts indicated in Inches per Month) 

Island Jan. Feb. Mar. Apr. May June Ju1y Aug. Sept. Oct. Nov. Dec. Total Year-Recorded Reference No. 

Canouan 2.27 1.38 1.04 1.43 2.12 4.43 5.53 5.49 4.35 5.16 5.28 3.67 42.15 1954 - 1962 2 
(Grenadines) 1963 - 1967 3 

Uni6n:ISland2.10 1.61 1.14 1. 73 2.97 4.73 5.63 5.57 4.70 5.93 6.17 3.98 46.26 1954 - 1962 2 
(Grenadines) 1963··_··1967 3 

Lim1air 2.29 1.06 0.77 1.95 2.32 5.44 5.28 5.17 6.90 5.03 5.54 3.84 45.59 1963 - 1967 4 
(Carriacou) 

Dumfries 2.75 1.30 1.54 2.67 2.95 5.32 5.22 5.03 5.96 5.12 4.01 4.76 46.63 1963 - 1967 4 
(Carriacou) 

Carriacou 3.26 1.80 1. 70 1.86 2.74 4.72 7.11 4.08 6.33 6.78 7.66 5.39 53.43 1935 - 1943 5 

Waterford 2.50 1.23 1.06 1. 75 1.32 4.44 7.50 3.78 6.44 6.17 3.60 4.18 43.97 1961 - 1965 6 
(Barbados) 

Average 2.52 1.39 1.20 1.89 2.40 4.84 6.04 4.85 5.78 5.69 5.37 4.30 46.33 

Mus tique 3.10 1.92 2.10 3.38 2.10 4.77 5.22 5.69 6.44 8.14 8.29 3.36 54.51 1954 - 1956 2 
(Grenadines) 

: 

Bequia 3.45 2.39 2.03 2.43 2.56 6.17 6.31 6.60 6.53 7.26 5.91 4.27 55.91 1954 - 1962 2 
(Grenadines) 1963 - 1967 3 



e ft) 

TABLE No. B-2 

SOLAR RADIATION RECORDS - BARBADOS 

Mean Daily Total Solar Radiation on Horizontal - Langleys per Day 

Year Jan. Feb. Mar. At>r. May . June July Aug. Sept. Oct . Nov. Dec. Mean 

1963 394 471 450 498 492 478 480 465 368 439 404 423 447 

1964 453 475 513 509 511 449 451 478 411 442 429 432 463 

Standard 
Deviation 18 18 23 26 21 34 32 _26 35 27 24 22 26 

1964 

Mean Dai1y Diffuse Solar Radiation on Horizontal - Lang1eys per Day 

1964 122 159 169 212 193 204 210 187 199 160 124 114 171 

Diffuse 
Percentage 27 34 33 42 38 45 47 39 48 36 29 26 37 
of-1964 

Total Reading 

Jan. 1963 - Dec. 1964 Total Solar Radiation measured by 50 Junction Epp1ey~rhe1iometer located at 
the Brace Experiment Station, St.James, Barbados, W.I. 
Elevation - on the coast; Latitude - 13° 11' 22"; Longitude - 59° 38' 32". 

Jan. 1964 - Dec. 1964 Diffuse Solar Radiation measured by Silicon Ce11 Shie1ded by a 
Shadow Band (sited at same location). 

fi 



A P PEN DIX C 

DESCRIPTION OF THE SOLAR DISTILLATION PLANT 

Introduction: The solar distillation plant currently in use on Petit St. 

Vincent is described in this section. When completed, fifteen solar still 

bays, nominally 10 feet wide by 150 feet long, will be in operation. The 

entire system includes a Bea water intake, pumps, reservoir, distillate and 

rain water collection cisterns, circulation pumps, piping to the reticulation 

system and a large fresh water storage reservoir. 

This section deals primarily with the solar still units themselves. 

It must be stressed that they are continually undergoing modification and 

improvement as with any other type of equipment. Renee, certain aspects of 

the description might be superceded in the future by these alterations. 

Description of Terrain: The site chosen for the solar distillation plant 

comprises a relatively fiat area at the south-eastern edge of a 250 foot 

hill as shown in MAP No. 2. In general, the location is free from major 

obstructions which might shade the stills during the period of greatest 

solar radiation, i.e. from 0800 hours to 1600 hours. Rowever, a certain 

amount of shading may occur around the time of the summer solstice, when 

the sun lies north of the island, but this would not be critical. On the 

other hand, the steeply rising slope does present a danger due to the 

occurrence of tropical rainstorms in the region. An excessively heavy 

rainfall might cause an undue spate of water to rush down the hillside, 

carrying with it stones, debris and the like, which might possibly damage 

the solar stills. This phenomenon has yet to be observed during the period 

of still operation. Rowever, provision has been made against this possibility 

by the erection of a low retaining wall alang the side of the hill adjacent 
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to the solar still installation. The proximity of the hill might also 

partially account for the apparent dampness of the soil in the area. Part 

of the rain water falling on the hillside soaks into the ground andslowly 

works its way down into the water table underlying the stills. As these 

are almost at sea level, the water table is high and this could present 

difficulties at a later date. This must be taken into account in the design 

of the stills. Substantial capillary action would keep the soil moist, 

drawing off heat from the underside of the solar stills. Tests undertaken 

as part of these studies, using seven ground moisture probes set out over 

the site have shown that the soil drains slowly. These investigations are 

continuing and should give more conclusive results during the period of 

maximum precipitation. 

Preparation of the Foundations: Initially, it was necessary to clear the 

area of trees, bushes, roots and the like. Not too much leveling was 

required. The stills themselves rest directly on the ground. They ar.e 

graded three-quarters of a degree to the south. Each still is laid down 

consecutively, that is, the edge support of the first bay forms the side 

wall of the next baYe As it was impossible to grade the land exactly to 

three-quarters of a degree, the entire area was surveyed to two-inch 

contours. The top edge of each rail was then designed to be at the same 

elevation above sea level. This means that the side rails, described later, 

are all at the same elevation for any given section. This is necessary to 

ensure that the distillate can run off satisfactorily out of the stills. 

In addition, if continuous flow operation is instituted, the gentle slope 

will allow a smooth, cascading flow of sea water within the stills. 

Measurements along the 150 foot length of the stills indicate a difference 

in elevation of approximately twenty-nine inches. 



The soi1 was first treated with a weed-ki11er which shou1d be 

effective in discouraging future growth of organic matter. Be10w Still 

No. 1, in order to achieve an insu1ating effect, a five-inch layer of 

dried finger coral was laid down. This was covered by a polyethylene film, 

fo11owed by five or six inches of dry beach sand. This plastic film is 

quite advantageous in that it e1iminates any possibi1ity of moisture r·ising 

through the sub-soi1 to dampen the underside of the evaporators. The· 

effectiveness, however, of the five-inch coral layer has not been proven 

and this is somewhat difficu1t to ascertain. In any case, the marginal 

economic benefits wou1d appear to be dubious. There is, neverthe1ess, one 

disadvantage associated with the use of a sub-soi1 impermeab1e film, which 

acts effective1yas a dampo-proof course. If any 1eakage of sea.water brine 

from the solar still occurs, it will cause the 1iquid to be trapped in the 

enc10sed six inch layer of sand. It has been customary to use sea sand for 

the final six inch layer immediate1y be10w the still basins. This sand, 

which is thorough1y impregnated with salt, comp1ete1y.eliminates the growth 

of grass, weeds and other matter. Beiow Sti11s Nos. II, III, IV, and V, 

the coral layer and polyethylene film have not been laid down. Instead, 

ten inches of beach sand have been used. However, the use of a film has 

been advocated for some of the subsequent bays current1y being built. 

Preparation of the Basin: The procedure invo1ved, in preparing the basin 

for a solar still, has been out1ined in Reference No. 1 where it was used 

in the preparation of a Brace Research Institute still in Barbados. The 

area between the periphera1 concrete curbs was excavated to a depth of four 

inches and fi11ed with building sand. The area was sprayed with several 

applications of weed ki11er and eventua11y a quantity of sea water was 

sprayed over the area to further discourage the growth of grass, etc. Once 

the sand had been rendered sterile, earth mounds were formed every five feet 



to act as water impounding dams. The area between the foot-walls and the 

dams was levelled as follows: 

"Two boards were cut and laid across the gutters in such a 
way that the board bottoms were at the required depth of 
the still which was 1 to 1-1/2 inches below the top of the 
lower mound. By runningthe boards in the direction of the 
foot-walls, the surface was levelled to insure a level 
perpendicular to these boards. A third board was cut, 
resting on the initial two, perpendicular and run beiween 
the walls. Thus, a satisfactory level was assured." 

For the P.S.V. stills, a similar procedure was followed, 

excepting that the depth of water in the section was 2 inches. By suitably 

cutting the base of these levelling boards, the ponds were evenly formed 

and levelled. This preparation is critical for the satisfactory operation 

of the solar stills. Failure to insure satisfactory levels and depths 

might lead to the formation of dry spots or areas where scale and algae 

accumulate. In this particular case, the basins and the edges of the sand 

impounding dams are also lined with pitch pine boards. This is not really 

necessary, and involves additional expenditure. The individual pond widths 

vary from four to seven feet. The effective evaporating area per bay is 

1285 square feet. 

Description of Evaporator Basin: The basin liner, a 30 mil thick ,black 

butyl rubber sheet, is laid directly over the prepared sand surfaces. In 

addition, the 11 foot 2 inch'wide sheet is also lapped over the edge of 

the concrete foot-walls so as to cover the distillate gutters.~ This is 

indicated in Fig. No. C - 2. The edge of the sheet is glued directly to 

the concrete rails. The distillate is thus collected in a trough with an 

impervious liner. The end walls of the stills are cast in concrete and 

rounded to follow the arc of the transparent cover. On the higher level, 

openings are left for the sea water feed, an observation port,and the air 

inlet from the blowers which inflate the transparent canopy. The butyl 

rubber lining is carried right up overthese end walls and held in place 



by the cover c1amping system. 

The sea water feed f10ws into the sti11s through a perforated 

plastic pipe set a10ng the in1et end to ensure even distribution. The 

b10wer in1et is made using a 3 inch po1yviny1 ch10ride pipe. At the lower 

end of the still, pipe of the same size is used as an overf1ow drain to carry 

away the concentrated brine. The ends of the disti11ate gutters are fitted 

with plastic pipe, 1-1/2 inches in diameter, which 1ead the fresh water to 

a measuring tank. Covered openings have been insta11ed in each end wall to 

permit access and observation of the still interior. 

Description of the Curb Wa11s: Th~re will eventua11y be 15 solar still bays, 

each measuring approximate1y 10 feet by 150 feet. They are laid down side 

by side with an eight foot offset at each end. They are a1igned 

longitudina1ly on a North-South axis. The curb wa11s for Stil1s Nos. l 

to V have been cast in the shape i1lustrated in Fig. No. C - 1. Each rail 

is 150 feet long and serves as a peripheral support for the solar still 

basins and the distillate troughs. As a result of continuing investigations, 

modifications have been undertaken in all rails bui1t after March 1968, 

which ensure that rain water is co11ected all a10ng the 1ength of the still 

as il1ustrated in Fig. No. C - 2. It was quite essential that these 

alterations be undertaken as the initial design did not allow for rain water 

to be removed continually from the cover of the solar still. As a result, 

during heavy downpours, there was a congregation of rain water at the lower 

end of the sti1ls, resting on the inflated 4 mil Ted1ar cover. If the fans 

could not maintain sufficient inflation pressure, the abnormal load of water 

col1apsed the Tedlar canopy. This condition has arisen often when the 

batteries feeding theblowers were not sufficiently charged. When the cover 

col1apsed in one location, it was followed by a general collapse of inflation 
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along the length of the bayas rain water rushed along to fill in the voids. 

Not onlydid this inhibit production duringth~se periods, but in addition, 

after inflation pressure had been re-established, sorne sea water adhered to 

the underside of the Tedlar cover, which contaminated the fresh water 

distillate during the subsequent period of production. As a result, it is 

absolutely necessary that inflation be maintained continuously. : 

By undertaking certain modifications to the cover clamping support design 

and construction, this problem should now be eliminated on these initial bays. 

The foot-walls are cast using a 1:3:5 concrete mixture of cement-

sand-stones. There is no reinforcing steel in the sections. The grooves 

are cast around concrete forma fashioned to the particular shape indicated 

in Fig. No. C - 2. Generally, the top of the concrete rails is sealed with 

a fine cement-sand grout, and waterproofing compound. 

Floating Mat on Brine Surface: The stills are provided with a floating 

radiation absorbing laye~made of a loose, non-woven black fabric. In 

this case, the material is made of poly-acrylonitrile fibres, which are 

resistant to degradation by sunlight and the concentrated brine. The fibres 

are coloured black. The material is known as Orlon, a trade name registered 

with the United States Patent Office. During the prolonged exposure to the 

extreme conditions within the stills, the non-woven mats of poly-

acrylonitrile are reputed not to degrade or mat and the fibres apparently 

2 
do not embrittle, weaken or hydrolyse. A sample removed after 11 months 

operation conclusively attested to the satisfactory quality of this material. 

Unfortunately, due to poor operation of the still during the first trial 

periQd of operation, the fibres picked up a considerable quantity of brine 

salts which matted on the upperside of the layer. 
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Chemica1 ana1ysis af thedepasit indicated the fo110wing'composition:' 

Ca~cium Carbona~e 72% 

Magnesium Carbonate - 14% 

Insa1ub1e Brownish Si1~ 5% 

- = Remainder cou1d havebeen Cl , sa 4 and moi.s,tur~.·l . 

The' samp1e was not .heated to remove' the ~,~cluded. 

water ·for fear of ,destroying thefibre~':3 

lt is evident.that. .either the basin temperature or.th.e.":sa.lt, can-

ceatration.or both have exceêded their upper deSirab1e 1imits. Onthis 

questiQn Spiegler4 states: (Chap.10, Scale Formation and Prevention, by York 

and Schorle) "Normal seawater (concentration factor.of .. 1) has a 
total a1ka1inity.of about .120 mg/litre, and hence at 
a concentra1;ian factorof.2, the tota1'ii1ka1inity 
wau1d be 240 mg/litre •. Note that',at à cancentration 
factor of 2, with no 10ss of a1ka~inity., .the pH of 
the ·sslut!an .shou1d be 1ess. than 7 .. 0 .. if temperatutes 
above . 1400 F • are to' be emp1oyed.. Since normal. sea ' .. 
water ranges in pH fra.m.7.S to.B.1, .it.may.be seen 
that co1dses water is essentia11y saturated with 
CaC0

3
," 

Hence, . if. this scaling Q:f the Orlon fe1t, with its detrimental..effects con ... 

tinues,·it ·may be necessary either to change the sea water mor.e frequent1y 

or else to acidify the feep to reduce the pH to be1aw.6.S. 

The wet fibres of the float.ing Orlon mat prqj ect out .fram . the 

brine . surface providing an increased surface area for evaporat.ian.. Under 

normaLoperating conditions, the sa1ts and' other matt.er in the saline 

watershou1d.remain beneath the.floating wick, reducing ref1ectian from 

sca1e.depasits to a minillD.1m. A1though the initial experience with the 

Orlon. mat of Solar Still No. 1 was not too encouraging, it must.be 

stressed .. that during the 11 months of operation the sea water feed was not 

screenedor fi1tered nor wasthe operation of the still c1ose1y contra11ed •. 
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· On occasion, . the sea water was· not changèd' as . frequently, .as it 

sheuld ... have been.· Brine eencentrations. built up to higher levels,. tha~ 

desixahle. Since aperiod ef positive testing .and·control was inst~tuted, 

and~.the w.ater works·department set up,regular, daily·measurements.af the 

rej.eet....briuehave indicated a varia tian of' specific gr~vity from.. ~ .. 03 . te 

1.0.4.,. .a sea water··concentration of just over . one and one half times normal. 

Tests 'undertaken in Florida with uninsulatedbasiIl...,t:y.pe:, ~olar 

stills.,sMwed that the' use of a floating mat inct"eased the .preductivity 

by.t.en..te .twenty·per·cent. lt was·not felt that thiswas sufficient to 

.. jti~i:d.fy"the added cost.of the·wick. (S,p.6) Preliminaryres.ults.. .. drawn fram 

comparing .productivities of stilleon P.S.V. withand without.~flaating wicks 

indicate:increased 'outputs of the same order of magnitude when the Wicks. 

are .. used. 

Deser,i;ption~·of~the·· Transparen.t (lover:. . The ;"basin of· tl1e' solar .. still.s is 

coveu.d .. b~"· a transparent; canopy, clamped ·'·to the "edges' of the.cu'1'b wljl1ls. 

There. .i.e. no framework· ta' support the·' cover.·· . Instead'; . air;under.. . .a: ~ight 

press.ure~ . . is :blown··fnto· the. stille;' ·infl,ating··the . cover--to .. : . .fazm.;,.a.:.eu.r:vature 

of low .. arc~:1:o-chord· ·ratie·. as· in.dieated 'in' Fig; "N'Cl; ·C"'-l. Th:Ls..:,·~e7,.ef 

stilL.has.been·developed·and 'used 'successfolly in··the"Un!ted, States,S 

Greeee,6 and elsewhere. 

The transparent film used in this case is a 4 mil polyvinyl 

fluoride film manufactured by the E.l. du Pont de Nemours Company. The 

tradename-; Tedlar; is registered with the United States Patent Office. 

As most films are hydrophobic, it is necessary totreat the side of the 

film, onwhich watervapour condensation will occur, in order to pre duce 

a wettable surface. This renders the film hydrophylic. Filmwise, 
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condensatien takes· plaee' in lieu of d~epwise condensation. The. trea·tment" 

pre.c.es.s is 'known as "mettabraiding" and the material is semetimes·, referred , 

ta as..."mettabraided" Tedlar. The vapour condensingon the canop~ flews, off 

tothe peripheral cellection gutters as indicat~d 'in Fig. No. C~2. 

'Preparation ':'of : the ":lfraasparent ;Cever"Wettable,'Surfaee:' In ord~"~:.render 

the 'pelY,31inyl' fluoride'" f!l1m·,hydraphylic, . itis necèssary to ro.ushen_the, 

surface.;to the 'extentaf at lesst "SOta ,200 'iTregularities or. unduJ.ations 

per._.ineh .. 2 ,This can'be accompli shed by s~dpapering;, sandbl,astdng· with wet, 

saru4.,;f),r,.by,embossing'undulaUons' inta the film surface with acalender. The 

sandpapering 'method'hasbeen tried' on an experimental' stilL in.".Barbados 

with.net too much8ucces's. 7 Analysis of a sample ,of' this 'film indicated 

that'~it 

"lacked good',wettability, was highly crystalline, shewing ,,;,' 
excessiv~ mechanica1'warking, ,had,a.high,permeabilityta air' 
and particularly to watervapaur,.and lackèd that.samewhat 
intangible roughness that makes a gaad glazing." 8 

For satisfaetory results,' Edlin claimsthat'indentations in the film: 

sheul.d"be:of the' o1:der" ci 0.5t0'0~75 mil deep. He alsa claims that if 

1,000 to 4,000 irregularities per inch are made on the inner'surface of the 

transparent c,anepy, long-wave re-radiation by the still i8 reflected by the 

cover without significantly reducing the transmis sian of incident solar 

radiation. 2 

The Desirability of aWettable Surface: In order that a process, such as 

"mettabraiding" be considered economical, the additional cost of,treating 

the"surface must be more than offset by a carresponding increase in the 

quantity of water produced,the value of which will write off the cest of 

the,added investment. Edlin states that a still having a transparent 

caver with a wettable inner surface will produce 10 to 25 per cent more 
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_ distillatethan 'asimil~r'sti1l covered by ·a·non..,..weetable·canopy, subject ta 

e: 

. drapwise condensatian. 2 .. 

If an averagestillproduces 0.10 U.S. gallons'per squar~ foot.per 

day. and. e.peratesfor'36€)· daysper year, it will produce 36 U.S .... gallons· per 

squax:e.:f.oet per annumand an 'additional 3.6 to 9 U~S. gallonsper~s.quare 

fOc:ilt.:. per . ~num',:l:f the film has been treated. The treatment cos t amounts 

ta .appr6)x:1mately·$€).iOU:~-S. persquare. foot. 9. If' the' Tedlar lasts·jJ) years, 

as Ed.lin claims,~·the·water .praduced .. thraugh"this-increased:.::1nlrel!it:ment will 

cas.t.appro.ximately· $1.00 to·$3.00 li.S. per 1,000gallans. F6)r..-...smalLinstalla-

tions.,.:.this is a reasanable . rate of unit water cost ~ As a, r.e.swli".it 

appears as though·· the'production' of . a 'wettabie"surfaee" 1s' ecanqmically 

justifiable. All the bays of the·P.S.V. solar stills are fitted with wettable 

Tedlar eovers. 

. Caver Configuratian: . Solar stills of ,the type"'having a flexible, transparent,' 

air..,..supparted canapyare'characterized by a low arc-ta-chard:ratie af between 

1.01 and 1.20. The particular configuratian of these stills is indicated in 

Fig •. No •. C-l. The arc length, in this case, is the exteriar periphery of.the 

inflated.film and the chord is the minimum distance between the two edge 

supports. The P.S.V. stills have an arc-ta-chord ratio of,l.Ol. Althaugh 

they .. do nat conform to the pattern set out by Edlin,2 it is interesting ta 

nota.the values he quotes far comparitive purpases. Far an incident solar 

radiation.intensity on the horizontal af 2,000 Btu per square faot per day,' 

he lists the follawing results: 
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e\ Still Width~ : Optimum Arc-to- . production..:,ef·_ Fresh . Water 
(feet). .. Chord·.Ratie .. ."USGl'Dtsg.,. ft .. 

3 1.110 0.163· . 

._6 1.045 0~160 

.. 9- 1.020 0.150 

12 1.015 0.140 .. 

15 1.012 0.135 

Fora: U~-f(i)ot wide still, he 'showsthe variation of arc-to-chordratios with. 

productivity asfollows: 

Ratio 

1.017 

1.015 

1.013 

Productivity .. 
'·USGPD!sg. ft .. 

0.13 

0.14 . 

0.11 

too higlL . .a- ·erown . 

optimum. 

too low a crewn 

These.productivities ar~ greater ,thanthose which have been 

measured:on thé·P.S.V. stills.· For these units, the optimum.ratie is 1.027. 

according to t~is data. Edlin maintains thataratio below 1.01 causes 

refluxing .of the distillate'whilea ratio in.excessof.l.2 ferme an undesir

able.~air foilwhich can damage·the film.2: Atboth extremes, theefficiency 

is apparently reduced. 

Description ofCanopy Clamping System: It ':is essential that a rigid well-

designed clamping system be used to attach the transparentcover to the 

concrete curb walls and to seal the edges of the still. The clamp components 

are.plywood strips, electrical conduit and nickel plated expansion bolts. 

While.several types of.clamps have been tried, Fig. No. C.,.2illustrates 

theonacurrently in use, which is still being improved. Basically, it is 

assembled as follows: 
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(1) - Standard,lengths of plastic eleetrical- eondui.t'are':splicedwith 

short,sections of conduit'and~glued together'to formcontinueus 

1engths. 

(2) The".cencrete,anchor bolts aredriven'into,·the"rai1s as indicated 

in Fig. No. C-2. 

(3) Pieces of exterior qua1ity p1ywood are prepared according te the 

fo11owing specifications: 

(a) 3/4" p1ywood -two 6, inch wide strips'running alang." ',;-. 

the 1ength of-the'concrete'rai1,'on each side of ,the 

,Ted1ar canopy. 

(b) 3/4"p1ywood - one 6 inch strip running"a1ong the1ength 

of each end wall. 

Strip (a)" is'drilled three inches,' from--eaeh' side;'·'e:v-ery. eighteen 

inches a1ong' the, length, to' accept' the"three' inch thr.eaded- expan

sion bo1ts. A 'length·of conduit is fixedto·the edge. of the 

concrete' curb wall' as illustrated in" Fig; ·No. C-2. The.-.buty1 

rubber'sheet is 1apped over the conduit and gluedw:Lth.adhesive to 

,the;concrete rail to awidth of about six'inches. 'Ho1escare cu~ 

out in the 1inerso that it passes over the protruding ancher 

bo1ta. Strips (a) are'each fitted with a simi1ar cenduitstrip, 

screwed into the underface on one side, and over1appingthe strip 

edge by 1/8 inch. This conduit and the edge of the p1ywood 

strip are covered by two inch wide,buty1 rubberadhesive tape. 

One edge of the transparent co ver film is 1apped around a third 

1ength of conduit. 
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The· sec tiens ... arè: set ap as . indicat,ed 'with "strip '·(a) . forcing· dewn . the 

canop..y.;,.fUm· against,the air inflatien' pressure. Ta open·QP a s.e.c.tian af the 

still'J"' the nuts retaining strip (a) must beremeved, and the strip lifted , 

off ...... Special strips ·(b) are dI,"illed to fit ever previeusly attaehed· con-:

crete .anclwr belts·in·theend,walls· ef thestillo" The<strips_ {b).:.have 

cendu:Lt.s.c.rewecl.··inte· .. the'underside' edge as abeve~' The~edge.'of ... the· Tedlar 

film_.is wrapped·areund·'anothereenduit··an4.,.the-joint··is"s~aled as b~fore~ 

Air Blewer. System: The· transparent ca.nepies ef tl:le salar stills are inflated 

by air.·under a pressure efO.25 ·in •. water gauge, supplied by l35;.cfm, 

centrifugal fans powered by twelve velt,direct currentmotors. 

Theoretically, the fans should.be delivering very little air as 

theee:ver·.edges should be well.sealed, the. enly air less being:the permeability 

of. the transparent canepy. Ithas been .estimated that under.extreme 

cenditions, this amounts to a~aut,one paund,per heur af watervapaur and' 

approximately ane half peundper haur af air, ar about.30cubic feet per 

heur -per .still. In practic~, unfortunately ,.the leakage lasses from the 

edges.are·notentirelyeliminated. Naturally as water vapeur is last as 

welLas air, these lasses cut dawn the praductivity. 

. .... . The blowers are battery aperated and consume 72 watts .each. The 

batt..eries,were ariginally charged by.a six feot,diameter,windpt;>:wered 

elec.trie .generating set ,mounted .on a twenty seveIi and ane'half ... feot tewer. 

Atpr~ent, . alternating current·. electric .pawer is' av:ailable'~ It is cat!--:

verted .b.y a silican rectifierinta direct current pawer. taaperate the· 

blowers • 

. The windcharger began charging the batteries at awindspeed ef 

7 mph and was gaverned at maximum output at a windspeed of 23 miles per 
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hour. Under theseconditions it produced about 210 watts. 

The problem in the use. of the 'original system was that. .. thec blowers 

cons.umed . more power' t:han the generator was able to supply when . ...the·.windspeed 

was ..low:-f.or any period of time. As a result, ,low inflationpœssure tas 

main.t.ainedand any significant rain storms resulted in the. collapse· of the' 

cane.py.. The operation-· of' the stillshad been plagued by cQ:çlt:fnual· preblems of 

inflation pressure for the preceding few months; ·Un:fortunat.e1.y.:;ë:··tlhe.-~eo.ntinual 

flexing .. of . the Tedlar ·sheet due' to deflation 'limits -·its· useful life and· poses 

other problems asoutlined earlier. 

Inorder to ensure centinuous." operation,: a-special advance ,~e1a.y is 

connec.t.ed to two 'blowers in'such a' manner' that if one' fan, mo.1:elr:iJ),lows .. aut; or 

is ather.wise rendered' inoperative',.it -.will . au~cmatically swi.~·.,"e.r: ,te the' 

other unit. 'Thusa constant inflation pressure"shouldbe guarant~ed. 

Finally, it 'hssbeenreconnnended·that··"s 'similat: typ.e .. ef.',œ:elay be 

used to, connecta fan·driven by an AC motor which could operat.e~.'if,desired, 

when AC ... power is availab1e. As a resu1t· of this' action,' two. s.eniees of 

e1ectric.power, both AC and.DC~ wou1d'be available te operatethis most,critical 

part .. of the still. 

. .,., The current system operates qui te effective1y and adequatednfla-

tion .. preasureshave·been maintained for the past few months aifLce the use of 

the wfndcharger 'was discontinued. 

'Operatien.:' of'the 801a1: Stills: A solar still is essentially, a. .. v.ery_ simple 

piece.of.equipment;· . Fresh, clean sea water is·fed·into·the.still. either on a 

batchbasis or in a continuous flow. Recently, in Australia, a continuous 

salinE water feed rate of 0.1 pound per hour per square foot of still has been 
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usecL.~O . Tliis is about.twicethe maximum daUy ·distillatisn"eutput •. ,.Essen

tially--,. a.windmill "pumps '·saline water to a constant; "head' tank.: whi.c:h· .dis

charges. s.' reasonably consistent flow' inte the sti11s •. If na . preheatinS'· is 

used,.~.itcan be estimated that this 'produces a heat 108s 'ef the arder af 

twoper cent. 

In" thebateh·system,. 'fresh; elean' ·sea ~'water' ia deliv~..ed·' .to .the 

still...eax:1y· eve'ty ether"morning-in·· an' amount-'at'least-doub1e. th,e • .antieipated 

dis.tillate.produeti0nfet'~the·run.ln this'mannel:'; sca11ng'is ·~educed ta a 

minimum. 

In the P. s. V. p1~nt, sea water .is pumped from· a . shall~w;.depth aff-;

share. inta a 2,500 U.S. ga110nstorage tank. The quantity af. sa1in~water 

in each bay. is approximate1y 1,~00 U.S. gallons. Abaut 1,200U.S. ga11ans 

of fresh.sea water is added to each bay everytwo daysô The feed shou1d be 

... screened .. and passib1y· fii-teredbefere: entering the starage tank .. or the sti11s. 

A buildup of sand and debris was nated in severa1 af the st:L1ls, especially 

those which·have been aperated the 1angest with nonfi1tered sea water. 

.. When the ·feed is admitted ta a bay, waste brine f10ws out of the 

overflow·pipe at the oppasite end of.the still. This results in the 

filling .af .. aver eighty per cent af the .basin ponds with fresh. sea water ta 

a depthof twa inches. During the daytime,when the·temperat~~~s;within 

the .s.til1 arewellabave ambient, a small flow af reject brine is.autamatica1-

1y diseharged frotri the still. It. is fe1t that the heating. af.the:;basin .. 

water.causes expansion'which is aided by capi11ary actienwithin:the f1aat~ 

ing.wick .. resting on the impaunding .. dams-. Th-Ps'.·a s'maIl quantity af·water ·is 

meved .. fram pend te pond and.disch'at'gE$ from the 1awer end. This smal1 dis

charge is by ne means detrimenta1 and the 10ss af heat is 1ess than one 
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percent;~· 'Nemeasarement is··taken·'ef'theqaant±ty~ 0f':'brine··dis~e-dtl'ring 

filling:.. . A drain ·leads the concentrated brine back to the sea4'" The- fresh 

water.produced by the stills is cellected in a dj,stillate measuring. tank. 

Then;itflaws tO'a 3,800 u .. S. ga11en collectian cistern. It'·is .. then .. pumped 

directly frem these cisterns tc.the storage reservoirs of the reticu1atien 

syst!.em.. Thereis carrentlya capacity of. 8,300 U. S 4 ga110ne;. of .. disti11ate 

and .. rain .water storageon the plant site, inc1uding a 4,500·ga1l.on;:sectien af 

the l'eservair building.· ·When the· second co11ection- cistern ia. bW.lt·,. there 

wilLhe" 7, 600U ~ S' •. gallons ef ste rage eapacityat- the- plant: S1.te:.:O.7 .!filis is 

appr.G>ximate1y . 6' te 12, days distillate predaction' sto'I'age' fox::, .the:.6".si:il1s 

,currently·.ape~~1:ing, :i.e.as . af June' 1968 .' The' disti11ate.. sa:Ji,rh:y· .is 

checked,continuously, especially' fallawing-pe'I'iods-·of' cover..deif.1ati.on4 . 

Even.tua1ly a cantinueus1y ·aperating.electrical-eonductiv1:tf_pre-lfe"oeelllneeted 

te a,.solenoid '.valve' will be installed'~' All' disti1late· with- .&.::measured 

sa1inity of over 500 ppmwi11 be rejeeted'automatica11y. 

Each bay is·a1so· equippedwith a rain water collection .tank.at the 

dis charge .end. The col1ected rain water is 1ed to the same storage tanks 

as the.disti11ate.· Ithas'been recommended, however; that therain water be 

filt.ered prior to being mixed'with the distillate in.order to maintain 

product qua1ity. 

On this latter point, bacterio10gica1 tests have been .. undertaken 

to determine the qua1ity of the solar still and storage reservoir"waters 

fer:.drinking purposes. Whi1e the resu1ts are incomp1ete, in seme cases 

quantities. of Bact.c01i and Bact.aerogenes were found. These tests have 

been repeated and have indicated that few pathogenic bacteria are found 

in the solar still effluent, but that the bacteria1 count, in some cases, 
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i6 '\le.t:y,.h±gh.· Attimes, samples taken .of. the·water fromthe storage .. 'l:eser

vairs .. did.indicate the presence of fecal. matter. ll It therefore. seems· 

deairable ta chlarinate the water before it enters the reticulation system. 

Plates Nas. C-l ta C-4 illustrate·the stUls and·some aspects of 

their canstruction and aperation. 
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Plate No. C-l shows several bays deflated on the right hand 
and the prepared basin evaporators on the left. 

Plate No. C-2 shows a number of bays, inflated and in 
operation. 



Plate No. C-3 indicates the construction 
of a concrete rail of a solar still baYe 

Plate No. C-4 - View taken inside a bay, showing the 
scale encrusted floating mat. Sediment lies below on 
the basin liner. 



APPENDIX D 

DESCRIPTION OF THE INSTRUMENTATION USED ON PETIT ST. VINCENT 

Climatological Instrumentation: In order to predict and evaluate the 

performance of both the solar distillation units and the rainfall 

collection system, it was necessary to gather climatological data. As no 

information of this type had ever been collected on Petit St. Vincent, a small 

climatological station was set up in December, 1967 to record data pertinent 

to these investigations. The locations of these instruments are shown in 

Fig. No. D - 1. Generally, the instruments have been installed according to 

the instructions and practice of the Meteor?logical Service of the Department 

of Transport, Canada. However, this can by no means be classified even as a 

sub-station, as the instrumentation in use is more suitable for the provision 

of data for engineering evaluation than for meteorological purposes. It 

should be noted that the ground on which the instruments have been installed 

is reasonably flat and generally covered with short grasse A description of 

the climatological instruments has been given in Table No. D - 1. 

Measurement of Solar Still Parameters: The following variables are measured in 

order to assess the heat and mass transfer characteristics of the solar stills. 

Temperatures: 

(1) Transparent Canopy - A composite reading of the cover temperature is 

taken at several locations along the length of a 

baye 

(2) Evaporator Basin - A composite reading taken as above. 

(3) Ambient Air The ambient air above the stills is measured 

during tests. 
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(5) 

Distillate - Periodic readings of the distillate temperature ar.e taken. 

Ground - Temperatures of the ground beneath and surrounding the 

solar stills are taken occasionally. 

These temperatures are measured using a Thermistemp Telethermometer manufactured 

by the Yellow Springs Instrument Co., Ohio, USA. 

Temperature values are readable to t 0.4 per cent of the scale range, which is 
o 0 

59 F. to 212 F. Three types of interchangeable probes are used. 

(A) ordinary fluid or ground probes 

(B) special surface probes 

(C) special gas or vapour probes 

In addition, the measurements are continually being checked by mercury-in-

glass thermometers, and special expansion-coil surface thermometers.· The 

calibration is verified periodically using a decade resistance box, with 

resistors of t 0.5 per cent accuracy. On complet ion of a series of tests in 

May, 1968, the instrument and all the probes were thoroughly checked and found 

to be reading correctly. 

Mass Transfer Measurements: 

Distillate Production: The amount of distillate produced is measured in the 

tanks at the base of each solar still baYe This is a volumetrie measurement in 

which the level in each tank is read in the mornings at 0800 hours. These tanks 

are then emptied into the collection cisterns. Any residual am~ of water in 

the tank is noted and deducted from the following day's production. 

Sea Water Feed: The volume of sea water fed to each still bay is recorded 

through changes in the level of the sea water reservoir. 

Brine Discharge: No facilities exist for the measurement of this flow, 

although it has been metered approximately on a few occasions. 

Rain Water: Rainfall incident on the stills passes directly through special 

rain water tanks into the collection cistern, where a change in levels is used 

to record the amount collected. 



Additional Measurements: 

Salinity: A close check on the salinity of the solar still distillate is made 

with a Bouyoucous Moisture Meter, fitted with a conductivity probe. The meter 

was calibrated so that the readings can be related directly to ppm of sodium 

chloride. l The specifie gravit y of the sea water feed and the reject brine 

are measured with a hydrometer. 

Relative Humidity: During periods of test, the ambient air relative humidity 

is recorded continuously on a humidigraph, manufactured by the Bristol Instrument 

Co. Instantaneous readings are taken at regular intervals with a sling 

psychrometer. 

Ground Moisture: In order to verify the rate of moisture diminution from the 

soil beneath the solar stills, the relative change of moisture content is 

measured in gypsum blocks, using the Bouyoucous Moisture Meter. A series of 

blocks have been placed at different levels over the site of the solar distil

lation plant. This provides the water works department with a continual check 

on the condition of the ground below the stills. 

Frequency of Readings: Measurements of the still temperatures are taken at 

four hour intervals during the day. These are reduced to one ho ur intervals 

during periods of test. The distillate production is measured daily. During 

tests, however, the output is recorded hourly. 

Summary: It should be stressed that all the equipment used is relatively 

simple, inexpensive and unsophisticated. In any small village or isolated 

community, it would be difficult to service or operate more complex instrumentation. 

References: 

1. Private Communication, Sugar Technology Research Unit, Edgehill, Barbados 

11 December, 1967, on the calibration of the 

moisture meter., Brace Research Institute, McGill 

University, File 60108 
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1. Solar radiation 
intensity on a 
horizontal surface 

2. Windspeed 

3. Rainfal1 

e 

TABLE NO. D - 1 

SUMMARY OF CLIMATOLOGICAL INSTRUMENl'ATION· ON PETIT ST. VINCENT 

INSTRUMENT 

Silicon ce11 sensor coup1ed with a 
D.C. watt/hour meter continuous 
integrator and an instantaneous 
intensity indicator. 
Munro Cup Anemometer ~ continuously 
tota1izing miles of wind rune 

Austra1ian, plastic funne1 type, 
graduated scale - two gauges p1aced 23 
ft. apart. Rainfa11 taken as average. 
Six other gauges of this type have been 
p1aced atJother key locations on the 
is1and for measuring rainfa1l in areas 
near large roof catchments. 

SUPPLIER 

D. T. I. Co., 
Tucson, 
Arizona, 
U. S.A. 

Munro, Ltd., 
Eng1and 

Marquis, 
Australia 

FREQUENCY 
OF READINGS 

HOURS 

0800 
(1200) 
(1600) 

0800 
(1200) 
(1600) 

0800 
1600 

" 
HEIGHT ABOVE GROUND 

5' 6" to base 

4 ft. to counter 
level 

6 ft. from funnel 
to ground 

4. AlI other readings are taken from sensors located in a Stevenson Screen - the base of which is 5 ft. ab ove 
ground leve1. 

a) Ambiept Air 
Temperature 

b) Air Temperature 
Minimum-Maximum 

c) Relative Humidity 

Mercury-in-glass Thermometer 

Min-Max Thermometer 

Sling Psychrometer 

Taylor 
Instruments, 
Montreal, Canada 

" " 

Casella Co. 
London, England. 

0800 
(1200) 
(1600) 
0800 

0800 
(1200) 
(1600) 

~: AlI readings are taken at 0800 hours and other readings are often taken at the hours enclosed in parentheses. 

AlI the instruments are located at the solar distillation plant ~itê. as illustrated in Fig. No. D - 1. 

o 
The location of these instruments is approximately latitude, 12 32' 10" N and 

longitude 610 23' 16" W. 
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Figure NO.0-1 

LAYOUT OF C~TOLOGICAL INSTRUMENTS INSTALLED AT THE SOLAR DISTILLATION PLANT 
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APPENDIX E 

EXPERIMENrAL MEASUREMENrS AND RESULTS 

This section lists the measurements and experimental results 

taken on Petit St. Vincent during the course of these investigations. 

No discussion has been included as all comments on these data have been 

made in the relevant chapt ers of the thesis. 

The following information has been presented in this ~ppendix: 

a) the climatological measurements of solar radiation, windspeed, 

ambient air temperatures and precipitation are given in Tables 

E-l to E-4. 

b) the experimental readings and calculated results for one of the 

test evaluations of a solar still bay have been enumerated in 

Table E-5. The variation of basin temperatures during this test 

has been illustrated in Figure No. E-l. 

c) the average productivities for the solar distillation units are 

indicated in Table No. E-6. 
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TABLE Np.' E-1 

, TOTAL SOLAR::RADIATION INTENSITY ON:1I0RIZO.NI'ALSURFACE 
FOR PETIT "ST. VINCENT; 'ST. VINCENT, WEST'INDIES 

(Figures enc10sed in brackets are adjusted or estimated) 

DAY Dec./67 Jan. 168 Feb. Mar. Apr. May June 

1 394 R 471 597 (643) 
2 (454) 490 574 (514) 510 R 
3 (454) (522) 547 632 662 
4 457 (527) 578 648 696 490 
5 513 547 (443) R 512 606, 62~ 

6 536 300 R (558) 606 484 R 545 
7 449 (409) 589 632 498 R 192 R 
8 324 R (537) 628 558 R 602 
9 (473) R 401 490 528 664 

10 (413) 351 R 435 R 598 669 573 
11 473 480 R 529 658 298 R 
12 494 (577) R 631 R 651 386 R 
13 390 (495) R 453 R 531 214 R 
14 480 499 640 630 S24 
15 512 495 661 675 
16 454 528 640 690 581 
17 426 506 550 (585) 627 635 618 
18 465 498 525 (589) 395 R 572 513 
19 422 525 542 405 R 620 634 R 598 R 
20 481 - (595) 606 602 474 R 545 R 
21 362 R - (558) (615) 644 608 637 
22 469 - 599 (ç19) 615 523 
23 507 - 591 653 620 610 R 
24 492 356 R 597 644 R 585 595 579 
25 449 492 591 621 615 650 464 R 
26 (385) 488 614 553 R 657 597 590 
27 385 R 471 413 345 R 679 637 
28 463 R 541 610 665 R 644 
29 431 R 490 597 614 685 
30 471 435 651 

1 

31 424 R 432 642 
1 

Mean 442 463 518 574 602 605 501 
Standard 41 52 94 82 70 63 79 Deviation 

R - indicates day on which more than 0.05 inches of rain fe11. 
A11 readings indicated are in 1ang1eys. 



DAY Hours 

; 1 OaOO-1600: 
oaoo-oaoo 

, 

2 OaOO-1600' 
OaOO-0800 

3 .OaOO-1600 
oaoo .. oaoo 

4 9809.-.1600 
oaoo-oaoo 

'5 OaOO-1600 , 
oaoo-oaoo 

.... ( , , . 
0·aOO· .. ·1·600' 

6 
0800-0aOo 

7 OaOO-1600 
oaoo-oaoo 

a oaoo-1600 
0800-oaoo 

9 oa09,-.1600 
.oaob-oaoo 

10 oaOO.-1600 
oaoo-oaoo '. 

11 oaoO-1600 
oaoo-oaoo 

12 oaoo-1600 
oaoo-oaoo 

13 oaoo-1600 
oaoo-oaoo 

14 0800-1600 
oaoo-oaoo 

15 oaoo-1600 
oaoo-0800 

16 oaoo-1600 
oaoo-0800 

TABLE No. E-2 

VARIATION OF THE WINDSPEED 

OVER THE SOUR S TILLS .. ON. PETIT· ST. VINCENT 

(A11 readings are in miles per hour) 

Dec/67 Jan/6a Feb. Mar. Apr. 

9.3 8.1 7.7 9.2 
9.6 7.7 6.2 8.3 

lO.6 8.4 6.9 7.5 
10.5 9.9 7.0 6.8 

a.8 11. 7 a.2 7.2 
9.3 7.2 8.1 

10.5 9.3 a.6 
9.4 4.2 a.3 

a.6 10.6 9.3 8.3 
a.9 10.7 . 7.9 a.3 

'.' , . , . . .. . Ü·.3·· 1 •••• ; • 

10.3 7.9 a.8 
10.2 11.2 7.7 9.6 

a.3 11.0 7.2 11.2 
a.7 9.a s.a 9.4 

8.a 9.7 7.0 9.3 
9.4 a.1 6.a 10.2 

, 

10.3 7.4 9.1 lO.3 
11.a 6.7 10.2 lO.a 

13.2 7.1 6.7 9.7 
8.6 6.0 . 6.7 10.2 

9.9 6.6 8.5 
8.8 7.3 7.9 

8.5 a.5 10.8 
8.1 7.3 10.3 

9.5 7.5 5.1 
8.2 7.7 7.8 

9.4 7.2 9.8 
9.1 a.4 9.4 

8.5 9.5 9.4 
8.4 9.1 a.4 

8.7 9.9 6.0 4.5 
8.1 9.1 5.9 5.0 

May June 

6.0 
6.3 

8.0 
7.9 

5.~'8 
9.0 6.8 

7.3 
9.3 6.0 

9.2 1.0 
9.2 4.7 

.. 7.6 7.0 
7.9 6.4 

4.3 
7.8 

'.' . 
7.9 

6.8 3.'6 
6.8 2.9 

3.7 
7.9 5.6 

a.5 
7.6 a.5 

6.8 6.3 
6.8 9.4 

5.9 10.0 
6.8 10.0 

7.0 

Table E-2 continued on fol1owing page •.•.• 



TABLE No. E-2 cont. Variation of the Windspeed, P.S.V. 

(ALI readings in miles per hour) 

DAY Hours Dec/67 Jan/68 Feb. Mar. 

17 0800-1600 ' . 7.0 8.5 6.2 
0800-0800 7.7 7.5 8~-7 6.2 

18 9899.-1~PP 7.5 10.4 8.3 
0800-0800 9.9 5.9 9.0 8.4 

19 0800-1600 .'. 5.3 8.2 7.4 
0800-0800 9.4 4.1 8.4 6.8 

,20 0800-1600 8.6 6.5 
0800-0800 7.8 7.1 5.3 

·0800-1600 ' . 4.I 3.7 21 . 
, 0800-0800 " 7.6 5.5 4.2 

22 0800-1600 6. S, 8.4 6.2 
0800-0800 9.0 10.5 7.1 

23 0800-1600 8.6 9.4 
0800-0800 6.8 7.8 7.7 

24 -0800-1600 10.7 8.8 7.8 
0800-0800 7.4 10.8 7.1 9.1 

25 0800-1600 9.4 10.5 5.9 7.5 
0800-0800 10.1 6.2 8.2 

26 0800-1600 10.3 7.2 9.1 
0800-0800 8.8 6.4 8.0 

2:7, 0800-1600 8.8 7.9 5.4 9.0 
0800.-08001 9.3 6.6 8.5 8.9 

28 - 0800-1600 9.8 6.2 8.6 7.3 
, ,0800-0800 9.5 4.7 8.9 7.0 

29 0800-1600 7.7 4.9 8.4 9.0 
0800-0800 8.1 5.9 7.9 8.3 

30 0800-1600 10.4 7.5 8.6 
0800-0800 9.2 7.5 8.2 

31 0800-1600 10.3 7.0 9.3 
0800-0800 8.8 6.8 9.2 

Mean :Daytime 
8.9 8.8 8.5 7.7 Windspeed 

Mean Daily 8.5 8.4 8.2 7.5 Windspeed 

Apr. May June 

6.0 6.3 
5.3 7.2 

3.9 7.6 
2.8 7.4 9.1 

2.9 8.6 9.9 
1.9 8.8 10.7 

4.1 7.5 
3.8 5.6 9.4 

6.2 5.6 7.9 
5.8 6.1, 7.8 

5.5 5.5 
4.2 5.5 

4.9 5.1 
4.0 6.5 

4.0 7.5 8.9 
3.7 6.;9 9.5 

6.5 8.1 
7.2 5.8 8.0 

8.2 6.8 9.0 
8.8 6.1 11.3 

11.2 13.4 
8.7 12.8 

9.2 9.9 
7.8 

6.4 7.3 
6.6 

4.9 4.2 
4.8 

6.4 

6.9 7.3 7.0 

6.8 7.3 7.5 



e -- " TABLE No. E-3 

VARIATION IN AMBlENT AIR TEMPERATURES 
FOR PETIT ST. VINCENT. ST. VINCENT. WESTINDIES . 

(A11 readings are in degrees F.) 
-

DAY" Dec./67 Jan./68 February Mar ch April May : June· 
, -

." ....... . ' .. 
Max. Min. Max. Min. Max. Min. Max. Min. Max. . Min. Max. Min. Max. Min. 

· · · · · · · 
1· · · 80 : 76 81: 73 81 .: 77 · · 1 

· · · · .-
2 · · 81 · 75 81 · 74 ' 82: 77 82 · 16 · · · · · · · 1 

3 · · 81 · 73 81 · 74 83· :, 76 84 : . 79 · · · · · · 
4 · · · 80 · 76 83 : 77 84 · 79 8ï·, : ~ 71 · · · · · 
5 · 82 · 72 81 · 75 81 · 75 83 · 78 84 · 77 83 · 75 · · · · · · · 
6 · 84 · 76 82 · 75 81 · 75 . 82 · 76 84 · 78 83 · 76 · · · · · · · 
7 · · 81 · 74 81 · 76 82 · 75 84 · 72 80 · 75 1 

· · · · · · · 
8 · 81 · 74 80 · 76 82 · 76 81 · 77 · · · · · · · · · 1 

9 · 78 · 73 81 · 76 82 · 76 82 · 73 · · · · · · · · · 
10 · 81 · 73 81 · 74 · 81 · 77 · 83 · 77 1 

· · · · · · · 
11 · · 83 · 76 82 · 75 81 · 77 · 82 · 76 1 

· · · · · · · 
1 

12 · · 80 · 76 80 · 74 · · 82 · 75 · · · · · · · 
13 · · 81 · 75 79 · 73 · · 81 · 75 i · · · · · · · 
14 · 84 · 78 81 · 72 81 · 75 · · 83' · 79 1 

· · · · · · · 1 

15 . · 80 · 78 81 · 73 80 · 76 · · · i 

· · · · · · · 
16 · 83 '.: '78 ,81. :, 75 79 · 75 83 · 76 · · · · · · · 
17 · 82 · 75 81 · 74 ' 81 · 75 84 · 78 · 83 · 79 1 

· · · · · · · i 

18 · · 81 · "/6 81: 76 83 · 79 · 83 · 79 1 

· · · · · · 
19 · · 80 · 76 81 · 76 84 · 74 · 83 · 76 · · · · · · · 1 

· · 82 · 77 82 · 76 83 · 76 · 83 · 79 20 · · · · · · · 
21 · · 81 · 76 82 · 77 82 · 76 · 83 · 78 · · · · · · · 

,22 79 · 75 · 81 · 76 85 · 77 83 · 77 · · · · · · · · · 1 

23 · · 82 · 76 82 : ··77 83 · 77 · · · · · · · · 
24 · 83 · 74 81 · 75 82 · 77 83 · 78 · · 

· · · · · · · · 81 · 74 82 : ' 76 82 · 75 84 · 78 83 · 78 · 1 

25 · · · · · · ! , 

· 82 · 76 81 · 75 82 · '77 83 ,: 79 83 · 78 84 · 75 26 · · · · · · ! 

27 · 80 · 76 82 · 76 82 · .73 83 · 76 83 · 79 83 · 80 · · · · · · · · 81 · 76 ' 81 · 77 79 · 75 · 84 · 79 · 1 

28 · · · · · · · · · 74 83 · 77 81 · 76 83 · 76 84 · 79 · 29 · 80 · · · · · · 1 

30 · 80 · 74 · 81 · 77 84 · 78 · 76 · .. · · · · 82 · · , . 

· · 76 · 81 · 77 · · · 
1 31 " 81 82 76 · · · " · · · · · · '. . · · · 

Mean. 79 75 81 7$ , 81 75 81 76 83 77 83 77 83 77 
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Petit St. Vincent 

Union Island 

Carriacoü 

Belair Park 

Dumfries Estate 

Limlair Agricultural 
Station 
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TABLE NO. E- 4 

RAINFALL MEASUREMENTS ON PETIT ST. VINCENT 
AND NEIGHBOURING ISLANDS FOR 1968 

AlI figures are in inches of rainfall 

Jan. Feb. March - April 

0.51 0.54 3.60 2.32 

1.36 3.67 

0.82 0.69 3.11 2.08 

0.94 4.29 2.32 

0.51 2.96 1. 70 

May 

1.99 

June 

3.75 

It is interesting to note that the rainfall measured on PSV for the first five 
months of the year is 95% of the average,for the region,as indicated in Table No. B-l, 
for the same corresponding time periode 

N.B. It must be remembered that the type of: r,aifi.gauge in use differs at most localities. 

The readings for PSV have been taken from thei~nlgauges installed at the solar distillation 
plant site. 

" 
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TABLE No. E-5 (a) 

EXPERIMENTAL RESULTS OF SOLAR STILL EVALUATION ~ . PETI_TST ._VltLCENT .~T.~ VINCENl: ..... }fa~. 1968 

Solar Radiation Distribution Measured Parameters 

Time 
1'D 'TnID aDID- 1'dl d rdld <Xdld 

Average Average Distillate Air .. Tetnp~ Average 1 

Hours IH ID Id rDID ·Windspeed Relative Production over Basin , 
over Humidity per sq·.ft • . Stills . Temp •. SeJ 

Stills of AH ·Fig. E-1 1 
1 

-. 
UNITS Btu Btu Btu Btu Btu .. Btu Btu Btu Btu mph % lbs ·water oF oF 

()600-0700 15.7 0.0 15.7 0.775 0·.0 - 0.0 0.0 '13.2 1.6 0.9 6.6 81 .- - 82.5 91.9 

0700-0800 86.6 52.8 33.8 0.805 42.5 5.7 4.6 28.2 3.5 2.1 8.0 82 - - 84.0 95 .. 0 . 
0800-0900 118.1 80.3 37.8 0.89 72.3 5.0 3.0 31.7 3.9 2.2 8.1 78 0.0080 85.0. 99.4 

0900-1000 299.1 236.2 62.9 0.915 216.2 11.2 8.8 52.8 6.5 3.6 8.1 78 0.0397 85.0 107.7 

1 
1000-1100 322.7 206.6 116.1 0~92 190.2 8.3 8.1 97.4 12.0 6.7 8.7 78 . 0.0477 88.0 116.0 

1100-1200 369.9 284.8 85.1 0.92 262.2 11.4 11.2 71.5 8.8 4.8 7.4 77 0.0955 90.0 124.4 

1200-1300 283.3 226.7 56.6 0.92 208.3 9.1 9.3 47.6 5.8 3.2 .8.9 76 0.0795 90.0 130.2 

1300-1400 251.8 183.9 67.9 0.92 169.2 7.4 7.3 57.0 8.0 2.9 6.4 75 0.0795 89.0 134.2 

1400':'1500 251.8 183.9 67.9 0.915 168.2 8.7 7.0 57.0 8.0 2.9 6.6 75 0.0795 89.0 137.1 

1500-1600 141.7 109~1 32.6 0.89 97.8 6.8 4.5 27~2 3.4 2.0 5.6 76 0.0636 - 89.5 137.0 

1600-1700 55.1 32.8 22.3 0.805 26.4 3.5 2.9 19.2 2.3 0.8 5.2 80 0.0477 87.0 132.0 

1700-'1800 31.5 15.1 16.4 0.775 11.7 2.0 1.4 12.2 1.7 2.5 5.8 80 0.0542 84.0 124~2 

1800-1900 6.8 80 0 .. 0255 82.0 117.0 

1900-220Ô· 1 6.7 87 0.0636 81.5 109.3 

2200-0600· 7.3 87 0.0300 80.0 98.2 

.. . -.- Average 
TOTAL j_~Z7.3 1612.2 615.1 {'+.65.0 79.1- 68.1· f15.0 65.5 34.6 7~1 O. ~!J1i4 

. Basis: One square foot of solarsti11 area" Test done on Solar Still No. V. 
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~LE No. E-5 {b) 

Overall Beat BalanceonSo1ar Still 

No: 1 2 3 4 5 6 7 8 9 '10 11 12 13 - -Time Sky Esti- ~ - '.u Cwg rdId of 
,Q ~ 3+4 

Hours Temp. mated he qr,ea qc,ca RO 0' ~ IH-1O dTb '-' qb "-'" Qr,lt 0' +5+7 Pa1cu-
Cover rDID '-' dt 
Temp. ~I.f ~I~ <1.f +9 ated 

UNITS oF oF ~turF Btu Btu Btu Btu Btu Btu Btu Btu Btu Btu 'Btu oF ~turF 

0600-0700 58 83.0 3.0 16.5 1.5 18.3 1.6 0.7 2.1 3.8 0.9 0.9 25.3 -9.6 3.0 -3.2 

0700-0800 60 84.5 3.4 16.5 1.7 18.5 9.2 3.5 2.2 ·4.0 . 1.1 1.0 36.2 50.4 3.2 15.8 

0800 0 0900 61.5 90 3 •. 5 19.5 17.5 37.5 8.9 5.2 3.3 5.9 1.3 1.2 58.7 59.4 4.4 13.5 

0900 0 1.000 64 (9'3) 3.5 20.0 28.0 48.7 17.7 13.5 4.8 8.6 1.9 1.8 90.3 208.8 6.9 30.3 

1000 .. 1100 65 95 3.6 21.5 25.2 4].4 20.3 14.4 4.1 7.4 2.3 2.2 91.7 2.31. 0 9.7 23.9 

1100 .. 1200 65 (105) 3.2 28.5 48.0 77.6 20.2 16.7 7.7 13.9 2.8 2.7 131.1 238.8 7.2 33.0 

1200~1300 65 108 3.7 31.0 66.7 98.2 14.9 12.8 9.0 16.2 3.1 2.9 145.0 138.13 4.4 31.1 

1300-1400 65 116 2.9 37.0 78.3 117.2 15.4 11.4 10.1 18.2 l.S 3.3 165.5 86.3 3.6 24.0 

1400 .. 1500 64 120 3.0 41.5 92.8 136.5 16.7 11.3 10.8 19.4 3.4 3.2 187.1 64.7 2.2 29.4 

1500 .. 1600 64 122 2.7 43.0 87.8 132.3 lO.2 6.3 10.6 19.0 ~.4 3.2 171.0 -29.3 -2.4 12.2 

1600-1700 62.5 119 2.6 41.5 83.2 :126.5 5.8 2.2 10.0 18.0 3.5 3.3 155.8 ~100.5 -7.5 13.4 

1700-l800 61 106 2.8 31.5 61.6 94.5 3.7 1.2 8.9 16.0 3.0 2.8 118.2 -86.7 -8.2 10.6 

1800-1900 60 (98) 3.1 26.0 49.7 77.0 7.8 13.3 2.6 2.5 92.8 -92.8 -6.1 15.1 

1900-2200* 58.5 (94) 3.0 24.5 37.5 63.0 6.3 11.7 2.~ 2.1 230 .. 4. 1-230.4 -9.4 24.6 

* 2200-0600 57 (87) 3.3 20.5 23.1 44.2 4.4 7.9 1.1. 1.6 429.6 ~429.6 ~12.8 33.3 

.. Aver!lge .. . . 

. ·TOTAL '. . . . . . . . . '.' .. . ... .-611 • .5 939.·3 . 157.2 •. 8 .. 144.6. . 99.·2 .145.·4 .262 •. 0 .53.0 50 •. 1 2128.7.· 98.6: 24.6 

'. 

* "'A.at- ........ .ana-Fo ... ,...o ... oa .,,., ......... 0 ,..n.~y ft ... .a. 4 .... U .. .,. -.8. .. 1,.,..., ... _ 
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TABLE No. E-5 (c) 

Heat Balance on Solar Still Basin 
: 

No. 14 15 16 17 18 19 20 : 21 22 

Time qc,bc qr',bc qr,lt ' AB·· qe AB ' 17+19 ' 'tDID+ Cwg 
Hours . ~ AH~qe~ +5+7 ~ 1'd1d calcu-

(14+1 c , - 20 lated 
+16) 

UNI'IS Btu Btu Btu Btu Btu Beu Btu ' Btu Btu 

: 0600-0700 2.4 4.4 0.-9 7.3 8.3 7.9 19.7 : -6.5 -2.2 

,0700-0800 3.0 5.6 1.1 9.2 11.5 10.9 27.6 : 43.1 13.5 

0800-0900 2.7 5.9 1.3 9.4 '9.4 8.9 '29.4 :Î4.6 17 .0 

: 0900-1000 4.6 8.S 1.9 14.2 25.2 24.0 60.3 , 208.7 30.2 1 

,1000-1100 3.0 7.7 2.3 12.3 50.0 47.4 81.5 206.1 21.2 
1 

, 1100 .. 1200 7.9 13.5 2.8 22.9 100.0 94.7 148.2 185.5 25.8 
1 

: 1200-1300 9.5 14.3 3.1 25.5 84.0 79.5 ~34.0 121.9 2.7.7 
1 

1300-1400 7.5 11.3 3.5 21.1 83.0 78.6 ~29.3 96.9 26.9 
1 

, 1400-1500 7.0 9.0 3.4 18.4' 84.0 79.5 128.6 96.6 44.0 1 

, 1500-1600 6.5 8.5 ' .3.4 17.4 67.0 '63.4 106.1 18.9 -7.9 

: 1600-1700 4.6 6.6 3.5 13.9 4~.0 43.6 17.7 -32.1 4.3 

, 1700-1800 7.4 13.0 3.0 22.2 56.0 53.1 92.5 -68.6 8.4 

1800-1900 7.0 12.5 2.6 20.9 46.0 43.6 17.8 -17.8 12.8 

, 1900-2200 5.3 lO.O 2.2 16.6 27.0 25.6 ~61.1 -161.7 17.2 

, 2200 .. 0600 3.0 7.0 1.7 10.9 11.5 10.9 237.6 -237.6 18.6 

Average 
TOTAL 113.0 206.8 53.() 351.7 843.4 799.1 1512.0 ,46;5.0 16.5 

c --



TABLE NO. E - 6 

AVERAGE PRODUCTIVITIES OF SOLAR DISTILLAœION UNITS 
PETIT ST • VINCENT! ST • VINCENT, WESTINDIES 

Day Jan/68 F(ab. Mar • Apr. May 

1 • 052 

2 .052 .076 

3 .100 

4 .097 

5 .078 .066 .085 

6 

7 .039 .086 .108 

8 .062 .091 .084 

9 .085 .098 

10 .087 

11 .057 ~089 

12 .062 

13 .050 .055 

14 .085 

15 .067 

16 .077 

17 .076 .092 

18 .085 .082 

19 .059 .092 

20 .089 

21 .085 .084 

22 .073 .085 .088 

23 .069 .099 .096 

24 .085 

25 .075 .094 .093 

26 ".080 .104 ,078 

27 .053 .040 

28 .077 .099 

29 .091 

30 .093 

31 .096 

AlI figures are in U.S. gallons per square foot of effective 

evaporating area, nw/~. 
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APPENDIX F 

!!!.E COLLECTION OF RAINFALL 

Supp1y-Demand Re1ationships: A solar distillation unit of the conventiona1 

horizontal evaporator tray type is rea11y no more than a rainfa11 catchment 

area which produces additiona1 fresh water during periods of sunny weather. 

It is very important not to 10se sight of this dual ro1e of a solar still 

for it is essentia1 in justifying its economic viabi1ity. In rural 

communities, the roofs of buildings are common1y used as collection surfaces, 

the output of fresh water being a direct function of the annua1 rainfa11. 

Due to the mi1d c1imate in some arid regions, dwe11ings are genera11y sma11, 

as Howe has noted in the South Pacific.(1,p.175) Consequent1y, to increase 

yie1ds, it is usua11y necessary to set up large catchment areas, either 

through grading, paving or by sea1ing or packing the soi1, often on hi11-

sides. If the mean annua1 rainfa11 is 10w, it is necessary to uti1ize large 

catchment areas to support a sma11 community. It has been reported that the 

town of Coober Pedy in South Austra1ia has a rainfa11 catchment area of 120 

acres feeding a 500,000 imperia1 gallon storage reservoir, the former 

exceeding the total area of the is1and of Petit St. Vincent. The annua1 

rainfa11 at the Austra1ian location is on1y five inches per year and long 

periods occur without any rain whatsoever. Their storage tank has provided 

water for residents in a constant, but fair1y 1imited, supp1y. When this 

fai1s, however, water must be hau1ed in by road at great expense from the 

nearest water source, a hundred miles away.2 

Technica11y, the collection of rain water can be estimated 

simp1y as fo110ws: 

TRA = ~ x A x R (0.624) ••••••••••••••••••••••••••• F-1 

where T
RA 

- rainwatercollected from a surface in U.S. ga110ns/annum. 

rainfa11 collection efficiency. 

F-1 



A = catchment or 'roof area -- square feet. 

RI = total rainfall in inches per year. 

The amount collected TRA is assumed to be complete. It must be 

remembered that los ses do occur due to spoilage and especially due to 

evaporation. Wherever possible the tank should be covered or the water 

surface protected by a monomolecular layer to reduce evaporation. Many 

workers have studied this aspect of evaporation reduction from reservoirs 

but a detailed assessment of the latest developments falls outside the scope 

of the current investigation. 

Regarding the consumption of fresh water in a community, the 

demand can be determined as follows: 

where 

Cw = 365 N DN ••••••....••.•••••••••••••••.•••••• F-2 

Cw - annual demand for fresh water in U.S. gallons/annum 

365 = number of days per annum 

N = number of individuals or water users under consideration. 

DN a the daily per capita demand for water USGPD/person. 

Equations F-l and F-2 can be combined to study an actual case for 

a peasant family collecting rain water from the roof of their dwelling. The 

following assumptions will be made: 

A) Sufficient storage capacity is available to collect all the rain 

water incident on the roof. 

B) The area of roof collection is approximately 400 square feet. In 

many West Indian islands a figure closer to 200 square feet would 

be more accurate. 

C) The average annual rainfall collection efficiency is 80 per cent. 

D) The household numbers five persons. 

F-2 



E) MOst important of aIl, the peasant is in a financial position to 

undertake this collection. 

Substituting these figures in equations F-l and F-2, the annual water supply 

becomes: 

TRA = 200 RI ...••••.••••..•.••.••••..•.... F-3 

and the consumption of water becomes: 

Cw = 1825 DN •.•••..••••••••••••••••.••••• F-4 

If we further assume that the supply is totally absorbed by the demand, 

spread equally over the entire year, then: 

TRA = Cw and 

RI = 9.13 DN ..•....•...•.•..••..•.••...••• F-5 

For a series of values of average annual rainfall, the corresponding maximum 

per capita fresh water availability is shown on Fig. No. F-l. The variation 

of water demand has been discussed in Appendix I. If a minimum requirement 

of 2 USGPD/person is set, it is evident that collection from the household 

dwelling roof cannot satisfy the demand in regions with an annual rainfall 

below 18 inches per year. It can also be seen that, even in areas of high 

annual rainfall, the maximum per capita supply is less than 7 USGPD. AlI 

this, of course, is hypothetical. However, the figures have been chosen 

carefully and should not be too much out of line. 

From this simple analysis the following conclusions can be drawn: 

A) The rural dweller cannot meet aIl his water requirements through 

rainfall collection from his roof. 

B) To expand his water consumption, a community effort appears 

necessary, through the establishment of larger, commonly owned 

and operated rainfall catchments or by using some other means. 

F-3 



C) It does seem to indicate that in any impoverished arid area, there is 

1itt1e the individua1 can do himse1f to alter his situation. 

Co11ective1y, there appear to be greater prospects for success. 

Estimates of Rainfa11 Collection: Returning to equations F-1 and F-2, it is 

a1so posSible, in the genera1ized case, to set up a relationship 1inking 

rainfa11, catchment area, collection efficiency, water demand and the number 

of individua1s served. This is set down in Fig. No. F~2. The fo110wing 

assumptions have been made: 

A) The maximum possible rainfa11is co11ected. 

B) The per capita demand for water expands to absorb the supp1y equa11y 

over the year. 

This graph is designed to give quick reference figures for the 

capabi1ities of certain rainfa11 catchments to meet a specifie demande For 

examp1e, consideration of the solar sti11s on P.S.V. as a catchment area 

gives the fo110wing approximate resu1ts: 

(a) collection area - 23,300 square feet 

(b) collection efficiency - 80 per cent 

(c) average annua1 rainfa11 - 35 inches 

(d) water co11ected per square foot of. still - 17.5 USG/year 

(e) water co11ected per year (total) - 410,000 U.S. gallons 

(f) This is equiva1ent to a water supp1y of: 

No. of Pers ons served/dax ~nd/.E.erson x daX 
(U.S. gallons) 

22 50 

45 25 

225 5 

560 2 

If the water collected from the rainfall catchment is added to 

F-4 



the year1y production of disti11ate from the solar still, the overa11 

average water supp1y potentia1 of the sti11s can be estimated. 

Rainfa11 Collection Efficiency: A term for collection efficiency hasbeen 

introduced as it is impossible, in practice,to co11ect the total amount of 

rainfa11 fa11ing on a surface. Te1kes(3,p.1113) pointed out that brief 

showers hard1y wet a dry concrete surface and more than one quarter of an 

inch of rainfall was needed before the rain water aCtua11y began to flow. 

She estimated that on1y 25 to 30 per cent of the rain water can be co11ected. 

Glass and hydrophobie plastic surfaces, 'of course, shed water . far 

more quick1y than a concrete roof or catchment surface with a corresponding 

reduction in evaporation losses. 

Howe(1,p.178) has a1so investigated theseprob1ems and has 1isted 

three principal reasons why the collection of 100 per cent of the rainfa11 

was not possible. 

(1) 

(2) 

(3) 

"an appreciab1e quantity of rain wou1d be absorbedin wetting 
the surface of the roof and the entire collection system before 
any run off cou1d reach the cistern. 

of the 
some~ainfa11 wou1d tend to sp1ash from the surface or form fog 
drop1ets and thus escape from the system. 

in conveying the drainage water to the cistern, severe downpours 
may exceed the capacity of the gutter and co11ector. system." 

He then assumes in his report that 80 per cent of the rainfa11 be10w 2.5 

inches of rain per day cou1d be co11ected.(1,p.178) Another observer a1so 

assumed a collection efficiency of approximate1y 80 per cent with rainfa11s 

of about one inch. 4 

Specifie tests have been undertaken on P.S.V. to determine the 

collection efficiency more precise1y. Pre1iminary resu1ts corroborate 

these figures. However, driving rain is prope11ed a1most'horizonta11y in 

F-5 



these regions. The material and shape of the roof, its orientation with 

respect to the prevailing wind and the windspeed all have an influence on 

the total rainfall collected. A reasonable number of collection efficiency 

trials were carried out on various catchment surfaces in different parts of 

the island. As no significantly large rainfalls occurred during the periods 

of test, the following resume can be given of these preliminary evalua-

tions, which are continuing. These appear reasonably valid for short duration 

rainfalls below 0.30 inch in intensity. 

(1) The collection efficiency of rainfall incident on the solar stills 

is of the order of 90 to 100 per cent. 

(2) The collection efficiency of wallaba shingled roofs is ab'out 85 per 

cent, more water being lost in this case owing to the absorption of 

water by the shingles. 

(3) During periods of driving rain there is often no direct correlation 

between rainfall and water collected. 

(4) Very little water appears to be collected during drizzles or 

showers of less than 0.05 (i.e. 5 parts) of an inch. 

Rainfall Cisterns: A complete rainfall collection system requires: 

(a) a catchment area, suitably fitted to collect the rainwater 

e.g. with guttering, in the case of a building roof~ 

(b) pipes leading from the collection area which should preferably pass 

through a sand and gravel filter in order to remove leaves, bird 

droppings, dust, dead insects, etc. 5 

(c) finally, a rain water storage cistern. 

AU three facets of the system should be kept thoroughly clean in 

order to avoid contamination of the water. All openings to the cistern 

should be covered with a wire gauze filter in order to prevent contaminants 
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from entering. They would otherwise discolour the ~,ater on decomposition 

and make it unwholesome. The gauze fil ter also prevents mosquitoes from 

breeding within the cistern. 

Cisterns may be built of concrete, metal, wood, etc. Their 

construction has been weIl documented in the literature.5 ,6,7,S,9,10,11 

There are many factors to control in the proper operation of cisterns, as 

outlined in a United Nations Manual on water supply.(4,p.161~l63) 

A) 'Certain woods, paints, leaves, etc. impart colour or taste ~r 
odour to water. 

B) Galvanized roofs, as used in the tropics, form the best collection 
surfaces. 

C) Sand filters must be placed at the entrance to the cisterns to 
remove impurities. 

D) Bacteria may increase in the cisterns due to the decomposition 
of organic matter, held in suspension or solution in the water 
stored for a long period of time or by passage through filters 
which have not been properly maintained. 

E) Cisterns must be built so that waste surface waters cannot enter 
into them. 

F) Water must not be allowed to stand in gutters or cisterns where 
mosquitoes or the "aedes aegypti" (yellow fever carrier) can 
breed. ' 

There are certainly problems involved in rain water collection 

where the storage period i8 three to four months. Telkes(3,p~ 1113) 

commenting on this, mentions "Towards the end of the (dry) season, the 
water is replete with algae and higher forms of aquatic life and con
sequently may be unsanitary." Another opinion from a knowledgeable 

source stated, "From a public health point of view, a cistern is ~ 
considered a safe water supply, unles8 the water is chlorinated to 
maintain a constant chlorine residual of 0.5 ppm." 

1~hey also felt that no algal growth would occur provided that the 

cistern is completely covered, protected from organic matter and properly 

ventilated. Fish or screened inlets should contr.ol the mosquito problem. l2 
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It is interesting that in Australia, Morse13 mentions using open, 

surface cisterns in connection with rainfall catchment systems, apparently 

without the above listed difficulties. Howe, on the other hand, comments 

that South Pacific islanders use their house roofs as catchment 

areas.(1,p.175) Storage tanks vary from steel oil drums to carefully con

structed reinforced concrete structures. Each dwelling has its own supply 

system. There is no piped distribution of water. As rainfall might not 

occur for severa1 months, larger cistern capacities are required. 

As part of these investigations the author undertook a survey of 

the Carriacou water system.14 This is1and can be located on Map No. 1. 

The findings as specified in this report para11e1 Howe's comments in many 

respects. In addition, however, the government authorities have several 

large cistertis of their own, which collect rain water from the roofs of 

large public buildings. This water is in turn sold to the population for 

about $1.20 U.S./1,000U.S. gallons. 

Cistern size is a function of the unevenness of rainfa1l dis~ 

tribution. In some areas, especia11y with Mediterranean type c1imates, 

for four months or more, no rainfall occurs whatsoever. In order to have 

water on hand to meet the greater demand during the dry season, the 

storage capacity must be large, and hence more expensive, as i11ustrated 

ear1ier in the Coober Peby case. A solar distillation unit can function 

specifica11y as a damper to these wide fluctuations as the periods of no 

rainfa11 generally are the times of greatest still production. Howe(1,p.l80) 

has commented that for certain cases in the South Pacifie, it appeared 

possible to build the solar still, i.e. beneath the rainfal1 catchment, 

with the savings resulting from the reduced cistern capacity. In P.S.V. 

large reservoir tanks have been built in order to ensure a supp1y during 

the January to May low rainfall period, which is, of course, the height of 
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the tourist season in the .Caribhean. An examination of the 

rainfall records in Appendix B illustrates this cycle. 

The estimation of the most reliable rainfall figure, upon which 

to base the catchment area required to satisfy a give~ demand, remains a 

perplexing problem for both the individual householder and the small 

community. Clearly the mean or average rainfall for a particular 

locality appears the logical choice. However, in certain instances it may 

be necessary to calculate the standard deviation from the mean in order to 

determine whether the size of the catchment and associated cistern will 

indeed be sufficient to provide the minimum amount of water required. 

Such an analysis might prove that it would be cheaper for a community to 

import water during one or two lean or drought years than for them to 

build outsized installations only capable of functioning at a fraction 

of their operating capacity for the bulk of the year. The entire question 
• 

of the design of rainfall catchment areas is dependent on the 

(a) annual variation in rainfall intensity 

(b) annual variation in water demand 
-

Hence each community must study its own requirements in the light of its 

particular climatic regime and population structure. 
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APPENDix G 

Rainfall Collection System on Petit St. Vincent 

All the roofs of the principal buildings on the island are adapted 

for the collection of ra~nfall through the use of a substantial guttering 

system, as illustrated-iü Plate No. G-l. The location and size of the 

catchment areas are listed in Table No., G-l. In all cases, the hori~ 

zontal projection of the roof is taken as the collection area. On 

most of the buildings the roof is covered by an asphalt felting which' 

expands when heated by the sun,':s rays and contracts during the night., 

As a rèsult, wallaba (eperua falcata) wood shingles have been used to 

cover the felting. ' This constitutes a functional solution to the 

problem, as well as preseIiting a more' aesthetically satisfactory 

appearance. 

Unfortunately, during rainfalls a brownish substance is leached 

from the shingles discolouring the effluent. Preliminary laboratory 

scale tests have indicated that this maté~ial can be removed by 

flocculation with ,aluminum sulphate and a coagulant, and subsequent 
, . '. 

settling action. The author recently undertook sorne tests which ~ndicate 

the following:-

a) there may he sorne diff:iculty in achieving in, practicè the' clari
fication of the wallaba rain water realized in the lahoratory. 

b) for sorne time a yellow tainted effluent from the treatment 
plant might be prbduced. 

The rain water can be treated in batches of 5000 U.S. gallons. 

It does appear that, after a few years, thewo.od will stop bleeding 

and this problemshould be terminated, or at least reduced. 

For the moment, howéver, on this particular is land , a separation 
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must be made between the wallaba water and the clean ra in water prQduced 

by the solarstill catchment area, galvanized roofs, etc. The clean rain 

water requires only filtrati-ôn and chlorination before it is, used. 

A series of cisterns have also been built which collect the rain 

water at different localities on the island. The rain water'is then 

pumped, or flows by gravit y , through a piping system known as the 'wa.,llaba 

water sy~te~' to the treatment plant. Once an acceptable product is 

reit.lized, the processed râin water, is'sent to'the low-level reservoir 

cistern, where pumps circulate the water combined with the solar s~ill 

distillate, through the reticulation system. Any unused water is forced 

up'into ,the high-level cistern, illustrated in Plate No. G-2, which 

pressurizes the fresh water system on the island~ 

The piping systems on the island areindicated onMap No. 2 
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TABLE NO. 0-1 

PRE L 1 MIN A R Y ·E S T 1 MAT E S - June, 1968. 

LIST OF CATCHMENT ARRAS USED FOR' RAINFALL . COLLECTION ON PETIT ST. VINCENT 

LOCATION AREA ROOF COVERING TOTAL AREA CONSTRUCTED PROJECTED 
SQ. FT. SQ. FT. . CONSTRUCTION TO 

Pavilion 
Beach Cottages 
New Beach Cottages 

Roneymoon Cottages 

Ice Rouse 
Staff Day Quarters 
Staff Buildings 
Manager' s Rouse 
Storage Building 
Low Leve1 Cistern 
Righ Leve1 Cistern 
Power Station 

Reservoir at Solar 
Stills 

Solar Stills 

5,024 
1,505 ea. 
1,900 ea. 

1,134 ea. 

1,536 
888 

1,248 
1,504 
2,624 
4,900 
1,260 
1,530 

292 
1,500/bay 

Total Catchment - Wa1laba Shing1es 

Wa11aba Shing1es 
- do.-
- do -

- do -

- do -
- do -
- do -
- do -

Ga1vanized Sheet 
- do -

Asphalt 
Shing1es and 

Fe1ting 

5,024 
9,030 
3,800 

6,810 

1,536 
888 

2,498 
1,504 
2,624 
4,900 
1,260 

1,530 

Aspha1t Felt.ing 292 
Plastic, Concrete, * 

P1ywood 23,300 

Total Catchment - Not requiring rainwater treatment 
Other Catchment areas 

32,620 sq. ft. 
30,824 sq •. ft. 
1,552 sq. ft. 

TOTAL RAINFALL CATCHMENT AREA.: 64,996 sq. ft. 

* AIl fifteen bays are schedu1ed to be comp1eted by Sept. 19G8. 

Yes 
6 built 
Nil 

3 built 

Yes 
Yes 
2 built 
Yes 
Yes 

END OF 1968 

3 projected - 1 no 
rainfal1 collection 
8 more projected -
5 no collection 

1 more possible 

Under construction 
Yes 

Yes 

Yes 

~s 

N.B. Most of the building size 
and cost figures have 
been supplied by the 
project ~rchitect, A. 
Rasselquist. The piping 
costs have been worked out with 
him using cost figures 
supplied by R. Richardson. 



e 

Plate No.: G-l illustrates guttering system 
in use on building roofs. Cistern lies 
below deck flooring. 

Plate No.: G-2 shows the high level cistern, a circular 
masonry structure. 



APPENDIX H 

FRESH .WATER AVAILABILITY ON NEIGHBOURING ISLANDS 

Present Situation: In determining the feasibility of àalar distillation on 

Petit St. Vincent, it is necessary to assess whether the importation of fresh 

water from the neighbouring islands presents a competitive alternative. 

Under extreme conditions resulting from catastrophe, where the local sources 

of fresh water on the island, i.e. the solar distillation plant and the 

rainfall collection facilities are destroyed or otherwise rendered inoperative, 

this method must be reverted to in order to sustain life. The whole question 

of water importation must be based upon technical and economic considerations 

relating to: 

A) the availability of suitable fresh water on the neighbouring islands. 

B) the technical possibilities of transporting the water to the is.land; 

C) the general economic feasibility of the various alternatives. 

A suitable source of fresh water would be one which could supply 

the required demand at any time of the year, it being understood that the 

water is clean, pure and free from objectionable odour and tas te. According 

to the U.S. Department of Public Health , the salinity content must not 
l 

exceed 500 p.p.m. • 

Studies have been conducted on the availability of fresh .water 

within a 50 mile range of Petit St. Vincent. This comprises MOSt of the 

territories of Grenada and St. Vincent. As the island is a dependency of 

the latter, it is logical to seek a source within its territorial 

confines to eliminate customs formalities. 
2 

A recently published report on 

the St. Vincent water supply enumerates the following findings. The accuracy 

of these data is not known and hence they should be used only as a guide, 
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and not viewed in abso1ute terms. 

A) Notwithstanding the p1entifu1 avai1abi1ity of water on the is1and of 

St. Vincent, a water shortage, i.e. estimated as unfu1fi11ed demand, 
(2, p. 1) 

amounting to 500,000 IGPY occurred there in 1963 • 

B) The avai1abi1ity in that same year of fresh water in the St. Vincent 

Grenadines from government rainfa11 catchments was: 

Island Averase Annua1 Rainfall Co11ected Rainfa11 
IG/head~ da~ 

Bequia 52.8" 2-1/2 

Canouan 37.2" 1-1/2 

Union 44.6" 2 

The avai1abi1ity then of fresh water in these regions is on1y sufficient 

. (2, p. 2, 3, 17) 
for a bare Subs1stance supp1y • 

C) Assuming the water were avai1ab1e in St. Vincent, the loading charge 

at the wharf onto barges wou1d be 15 cents U.S. per 1,000 U.S. gallons 

and the total de1ivered charge to the Grenadines is estimated to be 
(2, p. 21) 

$4.40 U.S./1,000 gal. 

More recent contact with St. Vincent has indicated that, in the 

interval since 1963, not much change has occurred in the water supp1y system 

there. Rence it can be assumed that under the existing water supply system, 

fresh water would probably not be avai1able there. In any case, no community 

would wish to rely upon a distant source for its water supp1y un1ess it were 

given firm assurances that adequate quantities of water of the quality already 

specified, were availab1e at a11 times on an annual basis. 

Looking for supplies c10ser at hand, an investigation of the 
3 

possibi1ities of securing fresh water in Carriacou was carried out. On 

that is land , most of the fresh water used by the local population cornes 

from rain water catchments. There are many private1y owned cisterns collecting 
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ra in waterfrom roofs. The government owns five large cisterns and se11s 
'.' 

water to the public for approximate1y $1.20 U.S./1,000 U.S. gallons. There 

is by no means'a~ overabundant supp1y except for a short period during the 

height of the rainy season. There are two bore-ho1e wells which are 

reputed to produce up to 34,000 IGPD. However, this water is not very 

popu1ar with the local population. Tests taken by the :·.L\uthor· ! show the 

salinities to be.between 900 and 1500 p.p.m., classifying these sources as 

definite1y brackish. This is, of course, a matter of taste and habit - in 
4 

the Senega1, some cor.munities are accustomed to drinking 3,500 p.p.m. water • 

These West Indian communities, however, genera11y refuse to accept water 

which is above 500 p.p.m. as a matter of taste and custom. It is interesting 

ta note here that local fishermen working on the solar sti11s were able to 

detect slight increases in sa1inity whi1e the author required the use of a 

sa1inity meter to adequate1y dis cern the differences. 

Hence, a1though there appears to be an adequate supp1y of bore-

ho1e water, it does not seem to have the qua1ities required. In this respect, 

it is not considered satisfactory for drinking purposes on Carriacou. In 

addition, some of the samp1es taken indicated a need for filtration, which 

wou1d entail added expenditure;. 

In summary, therefore, it appears to be un1ikely that any large 

quantities of cistern water wou1d be availab1e from Carriacou. The bore-

ho1e water does not seem to be suitable except perhaps as a last resort for 

di1uting with rain water or disti11ed water. This, indeed, may eventually 

become necessary if deve10pment continues in Petit St. Vincent. 

Technical problems: It is interesting to note that the Dunlop Rubber 

Company has published an excellent report on the transportation of fresh 

water in large neoprene-1ined rubber containers called dracones5 • In 
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addition, they have included a complete and detailed study of the costs 

involved in transporting 40,000 to 250,000 U.S. gallons up to 100 miles. 

Depending on the frequency of dracone utilization, the costs of water 

delivered vary from $2 to $4 U.S./l,OOO U.S. gallons. This concurs with 

the figures quoted by Delyannis on the water cost delivered by dracones in 
6 

Greece of $2.50 to $3.00 U.S./l,OOO U.S. gal. • There are a number of 

difficulties inherent in this method of fresh water supply, when applied to 

this particular case. As they are equally applicable to many small 

communities, they have been enumerated as follows: 

1) The demand for water on Petit St. Vincent should be of the order of 

4,000 to 5,000 U.S.G.P.D., with the hotel in operation. This can be 

compared with .. the average daily demand in the other Grenadine islands. 

Bequia 3,750 IGPD; 

Canouan 800 IGPD; 

Union 2,250 IGPD. (2, p. 2, 3) 

2) There are other factors affecting the use of these dracones in the 

Grenadines. The coastal waters of this area are strewn with reefs 

which could render manoeuvring difficult. Obviously, if the dangers 

of dracone destruction are greater, this will result in a higher·.: 

water cost due to increased insurance rates, and possible replacement 

costs, etc. Referring to MAf No. 3, it can be seen that for P.S.V. in 

particular, the existence of reefs fringing the island almost 

.eJiminates this method of transporting fresh water. 

3) It is not the intention at this time to discredit this method of fresh 

water provision. In fact, this may prove to be the eventual method 

employed to service these communities. However, solar distillation 

fills the need for intermediate technology which is applic~ble now, 

so that the progress of the community will not be retarded until the 
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time when, either through further radical scientific achievement or 

a substantial improvement of the central government resource~ a more 

suitable water supply method supplants it. 

On P.S.V. there is a 51,300 U.S. gallon high level storage tank. 

If we assume that this were filled with fresh water from a dracone, the cost 

of water delivered would be of the order of $1.65 U.S./l,OOO U.S.G., plus 

handling at St. Vincent and Petit St. Vincent, and the initial cost of the 

water in St. Vincent, making a total cost of well over $2 U.S./l,OOO U.S. 

gallons. Rowever, this cost would be only valid if the system were in 

operation for about 70 percent of the time. As a full tank on P.S.V. would 

be sufficient for over 10 days supply, thisamouIits to a utilization of only 

10 to 20 percent. Renee, for a scheme to succeed, it would be necessary to: 

a) set out a joint supply system for several islands, including the 

construction of reservoirs, wharfing facilities to receive the fresh 

water, services, etc.; 

b) purchase the necessary equipment, e.g. dracones, tugs. 

For rn§\l~,:::.l. small communities, the question of water storage versus water 

immediately consumed represents a difficult economic decision which might 

somet imes, due to the lack of capital, etc., cause a feasible long term 

project to be set aside in favour of a more expensive short term scheme. 

The report specifies that the required installed horsepower of 

the tug hauling the dracone must be of the order of 225 to 250 B.R.P., 

which is far in excess of the normal fishing boat in the area. which chugs 

along with engines of under 20 R.P. Renee, there would have to be a 

substantial capital investment in plant and organization which would 

handle the logistics of the operation. In this particular part of the 

world, this can only come from the public sector, which itself is hampered 

by the lack of capital and personnel with managerial skill. 
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Therefore, although the delivered water cost does not appear to be 

unattractive, if one accepts the figures quoted in this report, it does not 

represent a satisfactory solution for the individual community. There are 

innumerable instances in the emerging areas of the world where joint co

operation would render certain projects viable and logical. However, these 

rarely come to fruition, principally because the communities themselves are 

too destitute to handle the matter and the central authorities are either 

unaware of th·~ possibilities or plagued by administrative responsibilities 

and the lack of organizational experience to set ma~y such projects into orbite 

Consequently, the community must 'go italone' and fend for itself 

as best it cano In this case, P.S.V. Limited made the correct choice by 

setting up its own inde pendent water supply, which, after all, is its 

'raison d'~tre'. This. most critical service is, therefore, completely 

under the jurisdiction and control of the community. This constitutes one 

of the principal advantages of the use of solar distillation in a region 

with favourable climatic conditions. 
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APPENDIX l 

THE DETERMINATION OF WATER SUPPLY POLICY 

FOR A SMALL COMMUNITY IN·AN ARID REGION 

Economie Considerations: In assessing water supply systems, it is very 

important that the small community do so in the light of its particular 

economic situation and not necessarily by those norms which have been 

determined from the requirements of another area, generally more developed 

industrially, technically and socially. In these advanced nations, the 

mechanism of the functioning of the economy is more fully understood and the 

competitiveness of local commercial enterprises far more acute. The cost of 

alternative methods of water provision is also known so that the goals of 

30 to 50 cents U.S. per 1,000 U.S. gallons can be set up as guide lines for 

the local communities.1 

How th en should the community approach a water supply scheme and 

assess what unit water cost allowance will be acceptable, if the standards 

of the foreign, industrialized nations are not deemed suitable? This cano 

be examined from an economic.standpoint as follows: 

Suppose a community invests X dollars in land, supplies and 

materials and provides its own labour for the construction of a solar 

still, whose annual output is P units of 1,000 gallons of fresh water. In 

addition to this, R units of 1,000 gallons of rain water are also 

collected. The annual operating costs of the entire wàter works, .including 

depreciation and interest on X reduced to an equivalent annual cost basis, 

allowance for the investment in land, equipment, storage tanks, pumps, 

energy costs, distribution costs, overheads, etc. amount to A dollars. 

It follows then that.the cost per 1,000 gallons will be·A~(RfP). 

For a small still, of say 20,000 square feet, the distillate production 

I - 1 



and an adequate collection of rainfall are indicated in Table No. 1-1. 

If the total costs come to $2 per square foot of basin area, th en 

the plant investment is $40,000. The annual charges are assumed to amount 

to 10 to 20 per cent of the capital expenditures per year. The variation 

of unit water costs is also shown in Table No. I~l. It must be rem~ered that 

it is possible to build stills whose unit cost will be less than $ 2 per sq.ft. 
These unit costs are somewhat expensive and would immediately be 

branded as unacceptable in economically developed regions. Although these 

figures are very approximate and preliminary, they do serve to demonstrate 

the fact that rather high unit water costs can be face~ by a community in an 

isolated area t primarily due to the small scale of the operation. How then 

should they view this project? The decision would appear to be more 

logical if it were based on the beneficial economic,returns on the capital 

: ,investment. It is often difficult to adequately attribute which portion of 

economic returns can'be related to a specifie investment, such as water 

supply. 

On Petit St. Vincent, the contention of the owners has been that' 

the provision of fresh water has meant the possibility of economic 

activity on the island. The investment in a water supply system has:-

A) increased the real estate value of the island itself. 

B) made possible the investment of over three-quarters of a million 

U.S. dollars in this hotel project which is anticipated to be a 

viable,profit-making operation. 

c) injected a sum of over $200,000 U.S. into wages, materials and 

supplies directly into the local economy. Although the effective 

marginal propensity to consume (MPC) in these islands is not 

known, a certain portion is definitely spent within the area and 

expanded according to a multiplier. 
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TABLE NO. 1 - 1 

Variation of Fresh Water Production of a Solar StillWith Rainfall lntensity 

Rainfall Rain Water Solar Still Production Combined Fresh Cost of Fresh Water 
lntensity Co11ected Water Production 

R P P+R $ U.S. per 1000 U.S. Gal.* 
lnches 1000 U.S. Gal. U.S. Gal. 1000' U.S. Gal. 1000 U.S.Gal. 
year year sq.ft.,day year year 10% 15% 20%** 

10 100 0.11 730 830 4.80 7.20 9.60 

20 200 0.10 730 930 4.30 6.45 8.60 

30 300 0.09 660 960 4.20 6.25 8.30 

40 400 0.08 580 980 4.08 6.10 8.15 

50 500 0.08 580 1080 3.70 5.55 7.40 

60 600 0.07 510 1110 3.60 5.40 7.20 

* Based on a solar distillation plant of 20,000 sq. ft.; capital investment 

charges $2 U.S./sq.ft. 

** Annual Charges as a per cent of the capital investment. 



l 
The multiplier effect is equal to, I-MPC which applies in this case 

as the local resources have no opportunity costs. Leakage, of course,is not 

known and depends in essence on the geographical limits of the region being 

studied. However, the effect of the multiplier is only apropos if the second 

round expenditures are not aIl leakage items. 

The whole question of the relationship between the multiplier 

effect and its erosion by le~kage of funds to areas of full employment where 

multiple expansion cannot occur, has been investigated by Haver. 2 He has 

studied carefully the effects of the portion of project funds spent locally 

which a~ê expected to induce secondary expansion benefits. It is this 

modified multiple effect which can determine the real benefits to the region 

of an investment project. 

A solar still represents a typical single shot investment with a 

tapering off of the regional income as the multiplier effect diminishes. 

However, owing to the fact that the unit can be maintained using local 

labour and materials, there is a small but continuaI injection of funds 

within the area which exerts an influence on the regional income. A con-

ventional fossil fuel operated desalination plant on the other hand, 'requires 

that most of the capital and even operating expenses be obtained from out-

side the confines of the co,mmunity, causing a continuaI drain on the meagre 

resources available. 

Hirshleifer et al3 have investigated the problem of the economic 

justification of investment in additional water supplies in quite some 

detail. In water-resource developments, they feel that some contention 

arises through the distinction between "financial feasibility" and 

"economic feasibility" of a project. 

They define these terms as follows:(3,p.123) 
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1. A financia11yfeasib1e project is one which generates revenues 

sufficient to cover a11 costs, inc1uding interest on funds 

borrowed, to finance the project. 

2. An'economica11yfeasib1e projectis one where the economic eva1ua-

tion of,the IIbenefits ll
, to whomever they accrue, exceeds the 

economic eva1uation of the IIcosts ll
, to whomever they accrue. 

Financia1 feasibi1ity, as defined above, is ostensib1y what every 

privateinvestor examines in deciding whether to undertake a project. 

Rirs~h1eifer quotes the fo110wing from The Report of the President's Water 

Resources Po1icy Commission, Vol. 1, A Water Po1icy for the American People 

(Washington, D.C., Government Printing Office, 1950), page 59. 

IIFinancia1 feasibi1ity has been urged by some as the determining 
factor in eva1uation, that is, they be1ieve that a11 water resources pro- -
jects shou1d be se1f-1iquidating. This view imp1ies that Federal agencies 
shou1d seek out sound business opportunities wherever they may be found in 
the water resources field. 

The basic fa11acy in such reasoning is that it seeks to transfer 
to public investments the limitations common to private investments. The 
Federal Government seeks to conserve and deve10p the Nation's natura1 
resources for the genera1 we1fare and not for profit. Renee, financia1 
feasibi1ity is not the same as economic feasibi1ity. Financia1 costs and 
returns shou1d be considered in ana1ysis, but financia1 feasibi1ity al one 
shou1d not determine the desirabi1ity of a pro gram or project. For this 
reason the Commission is recommending that Congress e1iminate the reguire
ment that irrigation projects show financia1 feasibi1ity.II(3, p. 124) 

Con,tinuing, Rirs.,sh1eifer points out that if water is sold free1y 

on the market, consumers will take just so much as to bring their marginal 

value in use down to the market priee. (3,p.125) 

On this matter, he continues(3,p.126), liA more direct estimate of 
the aggregate value in use might be based upon a total monetary comparison 
of the consumers' we11-being before the project and after, over and above 
the amount paid out to the water_supp1ying agency.1I 

The benefits of a water works project can be divided into primary 

benefits(3,p.126)"or the net value of the increase in production of outputs 
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associated with the project and secondary benefits, which can be related to 

technological spillovers, i.e. costs or benefits imposed upon or received by 

others as a consequence of private actions but not normally taken into con

sideration in private decisions. The authors feel(3;p.126) thatspillovers 

involving real increases or decreases in productivity outside theproject 

must be taken into account to determine the true effect on the communities' 

total earning capacity (i.e. their contribution to the gross national 

product). They also include sections dealing with the effects on employment 

and intangibles. Considering a small isolated community, and assuming that 

all the benefits and costs associated with a water supply project are known, 

how can the merits of the system be determined? 

For a project to be justified, the ratio of benefits to costs must. 

exceed unity. This is axiomatic and is precisely the type of study the small 

community must establish in deciding on the desirability of instituting a 

desalination system or expanding their water supply. Unfortunately there are 

few people, if any at all, within the community who are capable of undertaking 

such an assessment. This remains one of the prime problems and unsolved 

challenges, if these small isolated hamlets in the emergent areas of.tneworld 

are ever to be assisted. They generally do not count enough socially, 

financially or politically for anyone to take an interest in them,whether it 

be their own governments, international agencies or other philanthropic 

foundations. However, it is studies of a macroeconomic nature which will 

determine the feasibilities of these schemes in the long rune 

If the community must choose between several methods of construct-

1 . h b d(3 p.137-l38) hi· h ing their water supply p ant, 1t as een argue' t at t 1S t e 

difference between the benefits and the costs which must be maximized. 

There has been much discussion on this point, but considering alternatives 

which are similarly priced, this concept should hold and is reasonable. 
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Actually, any project where the benefits-to-costs ratio exceeds unit y could 

be adopted because this implies a net surplus benefit over cost. Themajor 

practical difficulties lie in evaluating the absolute values of these 

benefits and costs. 

Finally, a recent study by the author4 has indicated that beneficial 

economic consequences from increased investment in water supply plant 

appear to have been manifested in many instances in small communities. There 

can be no hard and fast rules. governing the logic for water supply policy 

for these areas. Each community on its own must assess its particular 

situation and formulate decisions which will generate a maximum of economic 

activity for the benefit of its residents. 

In their recent study, Stober and Falk5 have defined the benefit

cost ratio for a local community as the sum of the costs (numerator) of the 

best alternatives of water supply, if the individual indus trial and 

residential consumers supplied their own water needs,tothe cost (denominator) 

to individualusers purchasing water from the community project. Naturally, 

this ratio must exceed unit y for project feasibility. 

P.S.V.is a special case of an isolatedco~unity: 

(a) There is only one consumer - a commercial one, at that. 

(b) The fate of the enterprise depends on the water supply. In this 

case the benefit-cost ratio can be examined as the cost of an 

alternative method of procuring fresh water to the cost of 

employing the solar still - rainfall catchment system. 

In a small, isolated community, this would mean the cost of 

individual fresh water provision compared to the cost of a community pro

ject. There are some other factors which can be examined as weIl: 
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A) Often federa1 government aid in the form o~ grants orsubsidies is 

avai1ab1e •. 

"The local community inc1udes on1y costs and benefits accruing to. 
the 10ca1ity, whi1e eva1uation of a federa1 project appropriate1y 
considers costs and benefits for theentire nation. Thus a 
local project may have a favourab1e ratio from the viewpoint of 
the local community but the costs to the nation may exceed national 
benefits".(S,p.328) 

B) The annua1 benefit to the community is the present value of the 

annua1 cost savings rea1ized by not undertaking private water supp1y 

alternatives. 

C) The average annua1 cost to the community is the net cash out1ay for 

the purchase of water from the water supp1y project, which just 

covers the costs entailed. 

D) Genera11y, the cost of capital to the community is 1ess than the 

comparable cost of capital to the individua1 resident.or. water user. 

Rence, it can be imp1ied that community projects shou1d be 1ess 

expensive. The sarne can be said of the income tax structure, 

a1though genera11y, in these remote areas, the effects of persona1 

and corporate incorne tax are not too significant.· 

E) It is felt that the benefit-cost ratio will be greater than unit y if 

there are constant returns to sca1e and both the water supp1y 

project and its alternative are discounted at the same rate of 

interest.(S,p.33S) 

F) Fina11y, whi1e increasing returns to sca1e work to the advantage of 

the 1arger community project, diseconomies of sca1e 10wer the 

benefit-cost ratio. (S,p',33S) 
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Alternative Methods of Fresh Water Prevision: In the sma11 iso1ated community 

in the deve10ping country, the alternative sources of water provision might 

not be so c1ear1y represented or understood. In fact they might not exist at 

a11, save for the importation of water which makes the communities' existence 

dependent on another territory. This situation can become somewhat 

exaggerated especia11y when po1itica1 disputes arise between nations. 

For examp1e, in 1964, the government of Cuba decided to discontinue 

supp1ying water to the United States of America naval base at Guantanamo Bay, 

Cuba. To re1ieve the water shortage, the U.S. government was forced to dis-

mant1ea mu1tistage flash desa1ination plant at San Diego, Ca1ifornia and 

reassemb1e it at Guantanamo Bay.6 

Again in June, 1967, the Governmentof China, cut off the water 

supp1y to the British crown co10ny at Hong Kong. 7 On1y the 1ater resumption 

of norma1ized relations brought relief to the critica1 water shortages 

which occurred. Nonethe1ess, the utter dependency of the territory on its 

neighbour for its water supp1y and even its existence,was c1ear1y 

demonstrated. 

Another example of international water exchange occurred in the 

Persian Gulf area. Prior to 1953 water used to be imported by barge from 

Iraq to Kuwait. Due, however, to the poor qua1ity of the w~ter, the 

irregu1arity of the supp1y and the high cost of transportation,8 alternative 

methods were investigated. A survey,referring to Kuwait stated, " ••••••••• 

it is bui1t on a site which has no water. The Kuwaiti has therefore be
come a sai10r, boat bui1der and trader and has a1ways fetched his fresh 
water by boat from the Shatt-a1-Arab, fifty miles away. Suggestions that 
he shou1d use his new-found oi1 wea1th to carry it by canal or pipeline 
have not so far found favour: he dis1ikes them because the siting of the 
pipeline wou1d make him beho1den to Iraq. Instead, therefore, he has 
spent some millions of pounds upon insta11ing plants that disti1 sea 
water."9 
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The country has embarked on an ambitious programme of desalination 

which up to 1964 saw an investment of nearly $17 million U.S. with a total of 

six million gallons per day of installed plant capacity.(8,p.178) These are 

a few examples of international water problems. There are'others as welle 

Clearly then, in matters of water provision,the dependency of one 

country on a source of supply located in another country does not appearto 

constitute a logical solution. Axiomatically, one might project this 

further, when dealing with individual communities within the same political 

region. If the community must import water from some distant source not' 

under its own jurisdiction and control, then it is subject to the vagaries 

of the district governing this resource. Unless protected by central 

government legislation dealing with water provision, the importing group is 

faced with some of the following problems: 

A) There may possibly be increased taxation on the water service, 

at some future time. 

B) There might,be restrictions on the quantity of water that it is 

permitted to importe This might seriously affect the future 

growth plans of the area. Anexample of this is the constant 

squabbling over water rights between the states of California 

and Arizona. 

C) Any poli~ical disturbance within the country - such as the 
, 
.Q 
s .. cession of the other region from the nation, e.g. as illustrated 

by the separation of Biafra from Nigeria, renders any long distance 

hauling ofwater across newly formed "frontiers" hazardous and 

unsure. 
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D) The question of logis tics rea11y constitutes one.of the prime 

arguments against the importation ofwater. Dependence upon .an 

erratic. source and system of supp1y, does tend to make the 

economic prospects of the community somewhat 1imited in scope. It 

will certain1y be a hindranceto its proper growth and deve1opment. 

An undependab1e w~ter supp1y will definite1y 1imit the increase in 

tourism or the attraction of outside investment which are sometimes 

some of the few avenues of economic growth open to these areas. 

l~is is very important in the 1ight of data pub1ished on wor1d 

receipts from international tourism which show thattrave1 expendi-

tures have been increasing at an average rate of 12 per cent per 

annum. 10 

The attraction of outside investors to deve10p some of the local 

natura1 resources certain1y is a contributing factor to increasing the. 

standard of living in a country. It is not without pitfa11s, however. 

Johnson11 goes into the ~dvantages and disadvantages ·of foreign investment 

in deve10ping countries. Economic activity is nonethe1ess stimu1ated by 

this investment bringing some measure or change to societies which have 

often remained unscathed by the advancem~nts of modern techno1ogy. 

If, therefore, the community can rea1ize, through the investment 

in a water supp1y system, a return to capital which outweighs the 

opportunity cost of their initial investment, then the scheme is economica1-

1y sound for their particu1ar situation, regard1ess of the unit cost of 

the water produced. This wou1d be a logica1 means for the solution of the 

water supp1y system. The accrued benefits might.be in: 

A) the improved sanitatiorrand·hea1th of the community; 
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B) the possibi1ity of.earning additiona1 income through the processing, 

evenon a domestic 1eve1, of surplus agricu1tura1 produce, meats, 

fish, pou1try, etc. It must be stressed that the measurement of 

benefits and often of costs is extreme1y difficu1t. 

Independence in.these matters does therefore appear to be a 

desirab1e, if sometimes expensive, solution to an iso1ated community's 

water supp1y prob1em. Depending on its size, the community must genera11y 

sett1e on a supp1y system whose unit cost of water will be high, primari1y 

because of a low annua1 fresh water production capacity. Water demands 

amongst native vi11agers in emérgent areas of the.wor1d are certain1y not. 

high. Some examp1es aregiven ·be1ow: 

Variation ofWater Consumption Per Capita 

South Pacific 

A1geria 

Spain 

U.S. Navy Advanced 
Water Supp1y 
Requirements 

USA (domestic, 
rural arid areas) 

U.S. Virgin Islands 

Water Consumption per 
Capita Day 

5 litres (1.3 USGPD) 

3 to 5 litres (0.8 - 1.3 USGPD) 

11 to 13 litres (2.9 - 3.4 USGPD) 

10 USGPD (bivouacs) 

2 USGPD (hau1ed in) 
30 USGPD (piped in) 

2 USGPD 

Grenadine Islands, W.I. 

Bequia 3 USGPD 

Canouan 1.8 USGPD 

Union 2.4 USGPD 

Reference 
Number 

(12,p.175) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) . 

Ward1? has a1so 1isted a detai1ed table of water requirements for humans 

and ~gricu1tura1 anima1s. 
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Considering a consumption of even 10 litres per capita day 

(2 to 3 USGPD/person) in a district of 550 persons, and al10wing some water 

for general use and loss (200 USGPD), a small water supply system might be 

only 2,000 USGPD, mainly for drinking and cooking purposes. If this were 

supplemented by rain water for household functions and brackish water for 

sanitary purposes, the community standards would be reasonable, especially if 

the water works produced high quality water for human consumption which would 

have a positive effect on the level of health in the area, with its resultant 

increased economic benefits. Nor are these effects insignificant. 

In a study conducted in Venezuela in 1944, Wagner and Wannoni drew 
. (20,p.32) 

the following conclusions, which have been quoted by Wagner and Lanoix • 

I~he total annual cost in sickness and death from water-borne 
diseases and the actua1 money out1ay to buy water from vendors or the outlay 
of time to carry contaminated water from streams to other sources is 
Bs. 202,991,814 ($60,600,000). Compared to this, it would cost only 
Bs. 21,939,750 ($6,600,000) per year to provide a safe, adequate, public water
supply to two million people; and such a programmewould eliminate at least 
75 per cent of the sickness and death due to water-borne diseases as weIl as 
eliminatecomplete1y the enormous surns paid to obtain water from other sources. 
This is a saving - and a national economy - of Bs. 148,554,410 ($44,610,000). 

"By emp10ying Bs. 21,939,750 ($6,600,000) per year in the amortbation 
and operation of water-supp1y systems, the nation can save Bs. 170,494,160 
($51,000,000) annual1y. In other words, solely from the economical point of 
view and disregarding comp1ete1y the human aspect, there is a return of Bs. 8.00 
for every one invested. At the same time, the amount of water supp1ied per 
head is increased from 10 to 74 litres." 

Alternative Desalination Plants: Let us assume that the sma1l village of 

500 persons runs a water works, which cou1d be some form of desalination plant, 

if saline water were the on1y source available. As out1ined in Appendix F, in 

an arid region with less than eighteen inches rainfall per year, the minimum 

water demand cannot even be satisfied utilizing rainfall collection from roofs 

alone. Even where the annua1 precipitation is greater, the total quantity of 

water collected does not amount to very much. 

In the range of small vapour compression desalination plants of 
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this capacity, the capital cost of the unit alone will vary as follows. 2l 

Plant Size Installed Cost 

USGPD $ per USGPD 

500 14 

1,000 9 

2,000 7 

Thus for a 2,000 USGPD unit the capital cost installed is about $14,000 U.S. 

To this must be added the charges for the land, site preparation, saline 

water inlet and brine discharge connections, fuel tanks, some form of 

storage reservoir, pumping, piping and a shelter for the equipment and 

administrative purposes. This will amount to at least $8,000 U.S. as 

illustrated by a recent study on this matter which lists the breakdown of 
22 

disbursements on operating similar type equipment. In addition to the 

capital expenditures, the annual amounts for fuel, lubricating oil and 

chemicals will reach roughly 10 to 15 per cent of the installed cost. Other 

annual expenses are maintenance, interest on capital investment and deprecia-

tion. This do es not include charges listed for auxiliaries above. These are 

estimated as approximately $0.70 to $2.00 per 1000 U.S. gallons depending 

on the size of the plant involved. 

Several factors must be borne in mind in operating this type of 

equipment: 

A) Adequately skilled personnel must be available for its maintenance 

and repair, in order that a reasonably high level of output can be 

maintained. 

B) Mo.st of the disbursements require foreign exchange which is 

generally unavailable to this type of community. 
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C) This is a capital-intensive process. Capital is a very scarce, if 

almost non-existent, resource in these communities. 

D) The unit must be constantly provided ~ith fuel and lubricating oil. 

Administration is needed to ensure their continual provision and a 

supply must be maintained in storage. The supplyvehicle might,not 

come 'in on schedule and often in these areas it is late, or just 

fails ta appear. The sun, relatively speaking, is extremely reliable'-

it always rises! 

E) Mismanagement of the unit, which is a com~lex piece of 'machinery, can 

lead to severe scaling problems,rectification of which might be 

beyond the capacity of the residents. 

F) The units are often noisy andemit odours from the diesel exhaust, 

and storage tanks. 

Mechanical1y operated or fossi1 fuel plants have some decided 

adva~ages, however. 

(1) If proper1y hand1ed,they are reasonab1y dependable. 

(2) Water can be provided on demand. 

(3) They require 1ittle surface area; they are compact. 

The iso1ated smal1 community must allocate its scarce resources 

very carefully. The seasonal fluctuations of the agricultural or fishing 

employment cycles, means that there are long periods oftime where much of 

the community is idle. Rence, general1y the most,abundant resource is 

labour. As there are usual1y long periods of unemp10ymentor under

emp10yment, this labour has 1ittle opportunity cost and hence, if it is 

used to construct projects sponsored by the community, the cost of this 

labour can be considered as ni1. The social cost, or shadow price, is the 
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cost to the community or the amount of resources which had to be given up to 

undertake the project. In this case it would be nil. The accounting cost, 

on the other hand, might be positive,as society has incurred an obligation. 

It is always important to examine· the econQmic balance, for there.has been an 

output from labour. An asset has been created •. Hence, :the ideal water 

works system for this region would appear to be one which is a labour-

intensive process which will make use of this surplus resource.· In addition, 

a unit which has a low expenditure in foreign exchange items and a low annual 

operating cost would certainly stand far more chance of realization. One of. 

the few, if not the only type of unit,tosatisfy these requirements is the 

combination solar distillation - rainwater catchment plant under study. 

While by no means claiming that solar distillation can necessarily solve most 

small communities' water supply problems, it has nevertheless the following 

advantages, wherefavourable climatic conditions.exist.· 

Advantages and Disadvantages of Solar Distillation Plants: The arguments for 

and against solar distillation plants havebeen set out in direct comparison 

with a conventional fossil fuel desalination plant. 

A) Although the initial capital investment in a solar still is high, a 

breakdown of the costs indicate that a sizeable ·fraction is for 

23 24 25 labour (25 to 50.per cent). " Also as many of the components 

are fabricated in situ, this really is a labour~intensive operation. 

B) The labour used to construct, operate and repair the units need not 

have any special skills. A concrete example of this was the erection 

of the stills in Petit St. Vincent where a labour force from the 

adjacent üdands ha.s assembled and built the stil1s. 
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C) If the transparent canopy is air-inflated, an adequate system of air 

blower operation must be maintained. In these cases, and for rigid 

transparent cover units, solar stills can run independently and with

eut attention for long periods of time. Theseawater must be 

changed periodically and provision must be made for the dis charge of 

the distillate and reject brine. 

D) A solar still operates quietly, making no noise whatsoever • 

... E) The operation produces no obnoxious odours nor does it contribute 

adversely to air pollution. 

F) In the short term, the stills can provide an isolatedcommunity with 

an attraction which will draw the attention of the traveller and 

visitor to thé region. This is particularly evident on P.S.V. This 

would certainly aid the stimulation of trade and local commerce, . 

especially when considering the importance of tourism as an 

international industry. 

G) In some of the more.prosperous communities, the plant might be built 

with government aid or a loan, and the labour will be paid for its 

efforts. Owing to the relatively high marginal propensity to consume 

in these regions, the multiplier effect should be very high. 

Contrasted to this is the outright purchase of a foreign-made plant 

where the investment stimulates little local economic activity. 

H) The stills incorporate mostly locally available constructionmaterials, 

e.g. cement, stone, sand, asphalt for linings and often glass. 

Suitable plastics are rarely available, however. As a result, the 

foreign exchange portion of the investment is generally quite low •. 

In order to assist developing countries ta purchase those materials, 
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mainly the transparent cover, which are not locally produced, the 

U.S. Agency for International Development has recently published a 

26 
pa~phlet on solar distillation indicating amongst other items, 

. methods by which the United States government can facilitate these 

expenditures through the use of foreign currency balances held in 

neighbouring countries. This can provide a positive boon to solar 

still construction. 

I) By combining rainfall collection and solar distillation, less cistern 

capacity is necessary in areas marked by definite wet and dry seasons, 

where only rainfall is traditionally collected. In fact, Howe has 

predicted(12,p.180) that the savings in cistern capacity can often 

provide the materials necessary to build the solar still. 

J) As no fuel, oil or chemicals are needed in the stills' operation,.the 

plant can be run completely under the communities' control. There is 

no dependence for the water works operation on the arrivaI of these 

commodities from some.external source. 

K) Considering the labour cost as nil, the annual operating charges.of a 

solar still in these ranges of production are generally less than 

those using moresophisticated equipment. This is principally due to 

higher fuel costs in the remote areas of developing countries~7,(21,p.24) 

This is decidedly an advantage in emergent areas of the world where 

projects are often initiated and constructed but then lapse into 

oblivion for the lack of operating capital. 

L) A high annual operating cost, as often found with conveIltional 
(. 

desalination equipment of this capacity(2l,p.37) , inf~rs that a 

reasonable amount of services is necessary for the purchasing of 

fuel, spare parts, authorizing,payments, banking, etc. Developing 
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countries suffer from a.1ack of personnel with sufficientorganiza-

tiona1 ski11s to manage these expenditures. Also, the administrative 

process in these regions is exceeding1y slow and tèdious. On the 

other hand, due to its inherent simp1icity, the solar still is free 

from the majority of these bureaucratie procedures which frequent1y 

cause long de1ays in the operation of conventional equipment. 

M) As the solar still is bui1t principa11y of local materia1s and 

labour, its repair can be hand1ed loca11y as we11. Conventiona1 

desa1ination equipment will have to be imported •. Hence, spare parts 

must a1so be imported, or possib1y fashioned in a local workshop. 

De1ays due to the 1ack of avai1abi1ity of parts, 1engthy shipping and 

de1ivery times and frequent frustrations in processing the components 

through local eus toms are not at a11 uncommon. Anyone who has 

1ived and worked in an emergent country can attest to the large 

numbers of machines which are id1e main1y due to the reasons specified 

above. 

N) The output of a solar distillation unit can be increased quite 

readi1y by building additiona1 modules or bays •. This is particu1ar1y 

usefu1 when predicted water production from a plant has fai1ed to 

materia1ize due to c1imatic or design insufficiencies. The extra 

output can probab1y be obtained at a marginal cost which is 1ess than 

the output cost of the main plant. 

On the other hand, thereare certain disadvantages ta solar 

distillation. 

(1) Owing to the diffuse nature of the solar radiation, a reasonab1y large 

f1at area is needed to supp1y a village with fresh water. The land 

must be avai1ab1e, inexpensive and have 1itt1e opportunity cost. 
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(2) The solar distillation plant is re1atively vulnerable to the ravages 

of severe storms or a rock-throwing disturbance. 

(3) If labour costs are not considered to be ni1, then the first cost or 

capital investment of ,the plantis genera11y higher than alternative 

methods. 

(4) The unit will on1y produce if it is raining or the sun is shining. 

Nocturna1 production of solar sti11s requires additiona1 investment 

in plant and energy. 

Summary 

This section servesonly to out1ine some of the prob1ems en

countered by sma11 communities in determining the best method of handling 

their water supply prob1ems. No hard-and-fast ru1es can be stipu1ated as 

each case will differ in complexity and eventual solution. 
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