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channels and is collected in receivers. 
i n  Spite of the large quantlhes of fresh. water 
supplied by raidall in Sri Lanka, there is uneven 
distribution of rainfall 11.1 many regions. 
In some arid areas, even ground water is bracklsi~ and a?  
other source ol' clr~alci~~g water is available. 
Hence there is a clef~n[ie need for distlilcd water lor 
drinking purposes although such requir~ments are Ilmitcd, 
Also, d~stiiled water wo~lld he reqilired 111 lesser yuan~ities 
for lead-acid batteries and for cheilaical laboratories. 

Vapour compression desalll.ition, elecerodialysis 
and flash dist~llation are so~ne of the existing methods 
of producing fresh water. However, these techniques 
involve high, capital invcstnlent and utilise 
conventional energy sourcos. 

Solar energy can be used for desalting of saline or 
brackish water. Solar distillation does not produce 
water where there is none but simply purifies water 
supplies in areas where there is adequate water whcb ie 
unfit for human cons~amption or other aciivitics. 
Solar distillation plants have been known for m6rz than 
a hundred years. The iirst solar still was established 
for the mining community in Las Salinasj Chile, in 167%. 
Exhaustive development work on sobr stills have 
been carried out only in recent years and tile 
lrzrgest one in operation today covers an area of one 
hectare and is situated in Greece. 
Solar stills, however are not yei competitive 
with ~onventional desalination plants. Considering the 
trarlsport costs or supply of wates by pipe lines in 
remole areas where no other source of drinking water 
is naturally available, snlall scale stilis may serve its 
pwpose and be econom.ically feasible. 

Sri Lanka is situated 8 0  N latitude, and is blessed 
with sufficient sunshine where tire intensity of S O ~ J  

radiation could vary between 330 to 500 cals lo cais/cm2 
/day during the year. Hence due to the abundance of solar 
energy, solar distillatioii could suffice when water 
requireinents are small and n,o other cheap enargy 
source is avaiiablc for desalination. 
T h s  development v~orlc on solar stiils wa.5 carried out at 
the Ceylon Instiiuk for Scientifjc and In,.l-ustriaI Research 
(CISIR) with a view to setting up of small 
community stills to provide drinking ~ ' a t ~ r  and also 
providing dis~illed water for lead-acid baiteries and 
chen.;.ical laboratoi-ies. 

THE WORBfNG PR%NC%PLE 
The simplest ~ypc of solar srdl is the basio type 
which consi.,~s of a shallow bash coiiered with a 
tratuparecl roof (Fig. I). The basin is coloured black 
and the saline or brackish waier is illtrodaced oil to 11al~ 
black swface. Incident solar radiation passes 
through the transparefit cover and is absorbed 
on the black bottonl and provides the heat to evaporate 
tho saliiie water. Water vapour moves tipwards towaxzrds 
the transparent covers which are cooler and 

The shortwave radiation of visible light is able t o  
pass through the transparent cows but the 
longwave radiation of heat does 1x0~. Thus most of the 
heat generated in the stiil is trapped as longwave 
radiation emittcd by the hot water which cannot escape 
fl~rough the cover to the outs~dc. The temperature in 
[he raises steadlly and stabilizes when the iioat Icrseb 
lo the outside equal the ~ncoming ra&ant energy. 

Part of the solar radiation falling on the still ~s 
refiected or absorbed by the cover. The energy falling 
on the waporatiun surface is not completely used for 
distilling but is lost by reflection, consectaon, 
radiation from the covers and throng11 cnnductlou from 
sides and botloln. Any leakage of vapour of 
liquid from the stdl lnvolves additional thermal loss, 
Dac to losses and the d~ffusc aud inzermilienl nature 
of solar mdiation, th:: efficiencies obtarncd in practice 
are low and the output of a solar still PCT unit area is l ~ w .  
Efficiency IS calculated in the follo~v~ng tnanne:.. 

Energy reqlilrcd for vap~rizaklon of 
distliiatr: thn i  IS recoh ered 

Bff icieucy -.. ----- 
Energy m Ihc huil's radiation Ihkl 

falls o : ~  the still 
EFFECTS OF CLIMATIC FACTORS ON 
SOLAR STILL PRODUCTNITY 

Intensity of solar radiation, ambient temperature, 
annual raimpall and wind velocity are four major cli~raati~ 
hctors that influence the productivity of a solar still. 

The most important factor affecting the solar 
stid peiformance is the intensity of solar radiation. 
The higher the intensity, the greater is the distillate oatput. 
As the direction and intensity of solar radiation 
impinging on the still varies throughout the day for 
various months of the year, the output. varies both by 
how of the day and by season. 

The solar energy received on the earth is a combination 
of radiation from the rays of tho suu (direct radiation) 
ar,d energy origkating from the sun but scattered by clouds, 
or dust particles in the air (diffuse radiation). 
Allhough in a solar still both direct and diffuse 
radiation are utilised, most of the energy available 
for distillation arrives as direct radiation. 
The maxi*.num direct radiation occurs at the hours and 
sasons when the sun is directly overhead. 
During ihe day this occurs ai I I O O ~ I  and radiation 
intensity is nearly zero in the early ~nornings and late 
afternoon :lours. Wouriy prociuctivity in a solar still 
follows the solar radiation intensity pattern but 
lxgging behind it. This is due to the time lag in 
heatiilg and cooling the water within the still. 

Eiigkr ambient tenlp~ratures ~iwrease the 
oiltpnt of solar still slightly. Rainfall wiu stop the 
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product~on of solar distilled water but a solar still cover 
could be used as a catchment for rainfall which 
could compensate for the loss. High wind 
velocilies lend to cool the covers rapidly, thus lowering 
the temperature of the still, which in furn would 
decrease the productiv~ty. 
EFPECTS OF DESIGN ON PROEPUC'TIVITY 
The basin type still is generally accepted as the 
best design in that it is the most economical and practical. 
Brine depth, vapour tightness, condensate leakage, 
basin ins~~lation are factors which could appreciably 
affect the productivity of a still allid to a lesser 
extent cover slope and elevation. 

Shallower brine deplhs reduce the heat capacity of 
the still, thus giving h~gher bruae temperatures, 
resulting in increased productivity. However 
noclurnal output 1s greater w~lh  deep layers. 
This is due to the fact that the large heat capacity of the 
brine layer causes water temperature to rise to a 
lowsr value and dist~llatioiz proceeds slowly until 
a lower water tempsrature 1s reached. 
Hence dist~llatlon after sun set accounts for a larger 
fraction of the total. In contrast, the high rate of distillatior1 
during sunny h o ~ u s  in the case of shallow br~ne depths 
causes rapid coollng of water so that soon after sunset 
the temperalure of water becomes too low to cause 
evaporation and n i g b ~  irme dlstlllatlon 1s a rmilimum. 
However, the total productivlty In a day seems 
highel for shallower bl-lne depths. In our experience, a 
brine depth of 2.5 cm seems adequate to ensure 
that there will be no dry spots due to an uneven bas~n 
bottom and also to gxve maxllnilm productivity. 

Vapour tightness is very important in the 
construction of a solar still. Sealants should withstand 
extreme environincntal and weather conditions so that the 
still performance may not deteriorate with time. 
qlthough silicoile sealants have been widely used in 
developed countries, our efforts in using bitumen 
based materials have proved successfnl in miniinising 
vapour leaks. However, proper care in application of 
these sealants is important. 

Loss or condensate through cracks In condensate 
collection channels is common where aluminium, 
concrete, etc., h.ave been used for the channels. 
However, we have eliminated such losses in metal and 
concrete channels by lining with an ebonite 
compound made of natural rubber. Also these channels 
should be deep ellough to prevent losses by overflow. 

Basin insulation to prevent heat losses 
from the bottom and sides of the basin is necessary for 
maximum efficiency. However, it would nol be 
ecoi~omical to insulate large ground based solar stills. 
To overcome this difficulty, lining of the basin with 
butyl rubber has been widely accepted as it provides 
tho black surface as well as acts as an insulator for heat 
conduction towards the ground. Our investigations 
will1 a substitute of ebonite compound made of natural 
rubber has given excellent performance over a period 
of 16 months to date. Commercially available 
rubber sheet (1/4" thiclc) has given good results 
over a period of 8 inonths so far. 

For the transparent cover, although plastic; 
and glass has been uscd, glass has proved to be the best. 
Also, symmetrical double sloped coj7er set aL an angle 
between lo0 to 20" to the horizontal 1s nlost suitable. ' 
Fhe cover angle is so chosen to rnlnri~tisc the diroct 
radzatioll reflected back to  :he alniosphere and also 
allow s~~fficient slope for the distillate .to rmr down 
The glass cover should be close to the evaporating 4~1-fa~e 
of water for efficient distillation and also to 
minimize shadowing from supports. 
CONSTRUCTION MATERIALS 
Construction materials used in solar stills are those 
generally used in civil engineering works. 
Such materials should be strong to resist strong winds, 
rain storms and have a long llfe. The basia aad~distillate 
charnels should be made out of material that 
would not corrode or contaminate the distillate. 
Wherever possible, local materials should be used 
which are of light weight and can be transported ea&ly 

Cover material shouid be highly transparent to - 
short wave radiation and nearly opaquc to long 
wave rabation. Its surfaces should be wettable, so that 
water would form a f ~ l m  on it rather tlzaia droplets. - 
The material should not absorb water, absorb or 
reflect large aumunts of solar radiation and should..bc 
able to withstand high tenzperalnres (100" C), shock 
caused by wind blown debris. Glass is nearly  deal 
for covers as it satisfies zlearly all the above req~uroqejnts. 
Transportation of glass is difficult due to its 
fragility and is qui~e  expensive in Sri Lanka. 
Plastic materials have been proved to be Fir ini'eriom: , 

cornpaxed to glass although they could be tmnsported 
easily and quite cheap in other countries. 
Transparent plastic materials are not readily available 
In Sri Lanka and are expensive. 
Therefore for o w  investigations 3/16" thick window glass 
was used, 

The evaporator basin whlch contains the* saline wattjr 
should be black on its surfaces which have a hrgh 
absorptivity for solar radiation, must be waterti&, 
should not corrode or deteriorate at  high temperatures 
(1000 C) or for the salinity, should be abrasion resistant 
and easily cleaned. Experimental 
~nvestigations wwe carried out using aluminium, PVC, 
G.I., concrete, asbestos cement sheet, G.I. with 
rubber lining, concrete with rubber lining for the 
evaporator basin. Concrete with rubber lining 
IS the most acceptable as the efficiency is high a d  dost is 
low. This 1s the type of basin recommended in our 
design but further work is proceeding with 
commercially available rubber lining. 

The supporting structures required for the still 
slaouid consist of a good structure for the base and a frame 
for transparent cover. The material used 
should be strong enough to resist winds, their 
thzrmal expansion should below, and should beeasily handled 
in the field. The cover frame should be nzade out of 
members of small thickness to avoid excessive shading 
for the basin. Well seasoned haid wood like IJalmi!la, 
Palu or even Jak were found to be suitable: for the cover 
frame and have lasted nearly five years without 
deterioration. Concrete or brickwork for the still 
foundation and basin were found suitable, 
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The distillate coilection channels should be made end resting on th6 drstiliata collection channeis and well 
ofmaterialsthat are not attacked or corrodedbv the distillate sealed. 
or contaminate or add task to the distiliaie. 
Metal, plastic a d  concrete have been used as 
c;onstruction nnaterlal for the ciiannels. IS the base of the 
st111 is constructed In concrele it would be very 
convdment to construct the channels with cement. 
However, as the csment is not completely impervious 
to water, in our wns~r~lction we have used a rubber 
hning to make ir waterproof and have pro~ied successful. 

Sealants are being used to hold the covez to its 
frame and also make the whole still airtight. 
Such sealants should be able to absorb the expamion and 
contraction ol' the cover and frame and the base. 
They should form a good bond between glass and othex 
materials used, resist weathering and aging while 
remaining flexlble and should possess ease of 
applicatiolz. Window putty, asphaltic compound, silicone 
sealants or even cotton adhesive tapes, rubber have 'been 
used as sealants but most accepted ones requiring low 
maintenance are silicone sealants and asphaltic compounds. 
We used a sealing compound with the trade name 'No 
leak' as it is readrly available. Sillcone 
sealants are reparted to be the Sest. Special care 
should be taken in the application of 'No leak' and little 
maintenance is required. 

Ixasulating materials are generally used lo prevent 
heat losses from the bottom and sides of the basis, 
Such insulation isnecessary only when metal basins are used, 
If soncrete is used with a lining of rubber, 
insulation is not necessary as heat conducted down is low. 
SITE SELECTION AND PBEPAUTP'31IBN 
In instailing a solar still, a suitable site should 
be selected to avoid groblenis dlu-lng normai operatnon. 
The-selected site shouid be level firm larid where the 
sunshine is unobstructed by trees, buildings, etc. 
The still should be constructed wllh one edge running 
parallel to the east-west direction, and shodd be close to 
thi supply of saline water but piaces where sea spray 
can cover the transparent cover should be avoided. 
The site should be fenced with cadjan so that ~xcessi\~e 
wind could be cut off and also to prevent damage to the 
still by wind blown debris and to keep out children. 
However the fence should be sited at a distance 
from the still to avoid shading. 

The laad should be cleaned, levelled and 
treated with a herbicide. 
STILL CONSTRUCTION 
The ground should be dug and the foundation 
laid with brick work with a mixture of cement :sand 
about 1 :4. The basin should be gi-ven a plaster 
coating of cement : . s a d  mixtt~re of 1 : 2 mixed 
with water proofing additive of pudlc. 
The ebonite compound wlaich is msldc in sheet form should 
be held on to the surface wlth an adies~ve. 
Thc vulcanisation is doile by expsstxe to sun's heat 
for about seven days. The distillate coilection 
chanl~eIs should also be given a coating of the solution 
of the ebonit~ compound. and alcwed, to cure 
under the sun's heat. The roof structure either made 
of precast concrete or hard wood is placed in position 
on the sti!I and the glass covers are placed on the 
frame structure, The lower end of the glass would rest 
on the distillate collection channels. The glass covers arc 
well sealed on to the frame with "0 leak'. The glass 
eoveas at either ends are fitted last with the lower 
A8 

The piping for saline watei feed, distillate 
coJl;ctron, rain water collection and basin drain 
off should be incorporated during the constructisn 
of the basin. 
eBPEMTE"W PNSTRUCTIONS 
The concentrated brine left over from the 
previous day's distillallon should be flushed out by opemug 
the drain valve and pouing in a few buckets 
of feed water so as to remove any possible sedirnent 
that has settled, 'd'hs should bc done every n~olning 
before 7.00 a.m. and the st111 filled to the required 
height ~ 4 t h  the brine. The glass covers should bc wlped 
with a cloth to remove any dust that had collected. 
The distillate collection vessels should bo empticd 
and the collected water lneasured to keep a check 
on the productivity of the still. 
If there 1s a decrease In the productivity any faults 
could then be detected. 

The feed water should be poured lnto the feed rank 
through a cloth filter to remove any mud or sand 
getting into the still If there is much sediment in che 
feed, the feedtank 1s provided with two compartments so as 
to allow overfiow of water into the second compartment 
free of sediment This compartment could feed the still. 
Periodically, the vert~cal covers at the ends cf the still 
should be removed and sedilnent collected on the basin 
should be remoxied with a brush. Since tlie distilled 
water collected is free of minerals, certain amount 
of the saline water could be added to the distilled 
water before consumption. 
PILOT PLANT 
After the labsrato~y trials ort small stills, a pilot 
plant was set up at Sarvodaya Centre in Pungudutive, 
Jaffna. The village or" Pungudutive is starved for good 
drinbng water and sitiug the pilot plant here was not 
only to study the perfvrmance of the large scale 
still but also to study whether such devices would be 
acceptable to the popuiation. 

The still was 3m2 in basin area and was constructed 
of brick work and thc glass roof was mountedon a wooden 
frame. The basin was lined with ebonite compound 
of natural rubber. The cost of construction of the still 
was Rs. 2,003/-. On an average this still. 
gave an output of 9 litres per day. 
CONCLUSEON 
Experience in the design and construction of solar 
stilIs were gained during the laboratory trials. 
The materials suited for local conditions were chosen 
and the design for construction of large stills arrived has 
proved acceptable on pilot plant scale. On an yerlrly 
average the productivity of the still is about 3 litres 
per square meter per day. Aithough the initial cost 
of the pilot plant was Ms. 2,000/-, assuming it has 
a life span of ten years, the cost of &stilled water would be 
about five cents per lilre. The maintenance cost is 
ilirtually nil. Tl~e still being constructed out of 
brickwo~k, wood, glass and rubber, tbe durability of' the 
wood and the rubber lining bas to be tested for a few 
more years. 

The Punguditive population has shown grear 
crsthsias~n over tliis method of distillationandare~nterested 
jn having many more stills set up for individlial 
falllilies as for co~muni ty  use. Generally it would only 
be possible to set Gj? communihy stills and not 
home units due to space and shading problems, 
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