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ABSTRACT

Fresh water is the basic commodity of human lifsing renewable Solar energy and Desalination cgytai
produce an inexhaustible source of drinking wddevelopment of such systems which can fulfill theri’s population
of 6 billion to have access of clean drinking watsing natural resources is a need of the houarStill is such a simple
and affordable device for converting brackish watéo potable water. Many more features are atteithuo this simple
instrument apart from its simplicity, like eco-fndly, economical, low maintenance charges, easehasfdling,
sustainability, material availability and 99% pwriThe present communication elaborates the advaeceof solar still

till date and also the scope for further research.
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INTRODUCTION

Availability of potable water is limited; howeveopulation growth is expected to increase from a@méevalue of
6 billion to 9 billion in the year 2050. Needlessday, it will bring demands of development of urbragion whereas
change in lifestyle has put the stress on the didhivater resources even further [1]. Consideridgr®nergy as alternate
source of energy with its competent applicability desalination process is the only remedy ofthreent scenario. Solar
distillation is a simple technique and is helpfulabtaining fresh water with the help of solarlstik utility is especially
more in the places which lie on solar belt likeiédr, China, India and Middle East countries haptenty of solar power.
The earth receives more energy from the sun in juebur, than what the whole world consumes in ar.y&he salt
contents present in the water not only cause kstd taut it also creates stomach problems and {esagffects [2]. Solar
still not only achieve the desired limit of 500 pgout it also removes pathogens and toxic metaks lldad, arsenic,
cadmium and mercury. Now days a number of techiedogre available for water purification. Vapor Guession is such
a process where boiling water gives water vaporcis compressed without transfer of heat and raadsthe resultant
vapor gets superheated.. Reverse osmosis is anuthess in which impure water is passed througkmi-permeable
membrane at high pressure where only water moleada pass leaving behind the dissolved solidserQifocesses are
electrolytic methods where water gets purified gsi pair of special membranes and an electric fagbglied
perpendicular to it. But all these processes regshilled manpower, high maintenance and are erigtggsive. However
solar distillation requires low maintenance and siagple technology. In the present paper, reviefsdifferent types of

solar stills have been done.
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Solar Still: Working Principle

Solar still is a very simple device for convertibgackish/saline water with the use of inexhaust®lenewable
source of energy. Brackish water is filled into trasin and solar radiations are transferred fraemgtass cover of the still
to heat the basin water. Since there is differéndemperature of water and glass surfaces, watesr evaporated leaving
behind all the impurities in the basin of the sfithis distillate condenses on the inner side asgland drips down to

another vessel. Figure 1 represents conventionglesslope solar still with its heat transfer camdint..
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Figure 1: Diagram of a Conventional Single Slope $ar Still
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Arunkumar, Vinothkumar and Ahsan [3] has designadous solar stills and evaluated their performanice
converting the saline water into potable waterukég2 shows various components of tubular soldrdgsigned by using
an absorber of rectangular size, where the twaileirdubes say, inner and outer are positioned avBhmm gap. Figure 3
shows a solar still of double basin with overatlesof the inner basin is 590 mm x 440 mm x 440 muhthae outer basin
is 600 mm x 460 mm x 460 mm. Figure 4 represerits still in hemispherical form constructed witlliameter of 0.95 m
& a height of 0.10 m using mild steel. Figure 5wha circular basin of dimension 2m length havi@®36 m radius of

pyramidal form of size 1m x 1m.
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Figure 4: Schematic View of Solar Still of Hemisphecal Form

The above mentioned solar stills are tested forfithe months (January to May 2011) in The same afin
conditions to study the influence of the modifica on the distillate. It was observed that the mound parabolic
concentrator —assisted tubular solar still Showsnlaximum yield. It was observed that the maximutpeat was given by

the compound assisted tubular solar still.
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Design of Solar Distillation Plant / Solar Still: AHistorical View

The daily output per Afday in conventional solar still depends on margtdis but the main governing factor is
the temperature difference of evaporative and cosidg surfaces [4].Voluminous research have beew dio order to
improve the daily output of single slope solarl 41} changing its design to get the maximum diffexe in temperature
between the evaporative and condensing surfacds[3jadeveloped a conventional slope solar stilleve the condensing
surface was separated from the solar still chan®®i@ice most of the condensation is taking placéhe condensing
chamber, so it is required to maintain the tempeeatlifference between the glass cover and basierwahich causes
faster evaporation and hence distillate output @semin this case the still efficiency is increassd45 percent. Qudais
Huleh and Othmaifi6] has done his research on the design of solhtstenhance the productivity using condensing
chamber and electrically operated fan. This isrreteas hybrid solar distillation system. Kumar aridari [7] have
developed a reverse absorber solar still.by usiagbncept of an inverted flat plate collector arantain the temperature
difference between the condensing cover and watéace for higher yield.. Sodha, Kumar, Tiwari anggi [8] achieved
the maximum temperature difference between the@uwsidg cover and water surface by reducing the degzcity of the
water mass in the basin and named it as a mul-sadar still. Malik, Tiwari, Kumar and Sodha [9¢signed a conical
solar still where they kept the area of evaporatind condensing surfaces equal by increasing thettamsfer coefficient.
Kumar and Tiwari [10] studied the active solar itlsion where the different temperatures of evapiog and condensing
surfaces is achieved by increasing the additidmaintal energy from the flat plate collector in e thasin of solar still.
The flat plate collector is integrated to the basfirsolar still and water is circulated throught fldate collector either in a
natural circulation mode or a forced circulationdaalepending upon the requirement. The connectpesre insulated

to avoid thermal losses from the hot water in tipe po ambient during hot water circulation.

Among these the most popular is simple basin tyjtls supplying clean drinking water for small coranities
and also supplies water such as for battery chguai other analytical purposes. There are sex@rar variations in the

geometric configuration of single basin stills. &agenivasan, Kalidasa and Elango [11] discussedattieus methods to
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increase the yield of the multi effect solar sti¥here water is heated using the latent heat od@asation. Kabeel, Omara
and Essa [12] studied the work to enhance the ptodly of solar still by using nanofluids. The phactivity of newly
designed solar still was examined by using solidoparticles of aluminum oxide and cuprous oxideddferent
concentration without providing vacuum in the basiater. The results concluded that by using cupmide nano-
particles, the distillate productivity increased 133.64% and 93.87% with and without fan respeljtias compared to
the conventional solar still. George, Malaeb anékawg [13] studied the various critical variablas the productivity
enhanced solar still. This new type of solar &ilh the form of a slowly rotating hollow drum trellows the formation of

thin water films which evaporates rapidly.

This new design cylinder gives 200-300% increasdistfllate water. Velmurugan and Srithar [ 14]iesved the
performance of various solar stills and concludeat tmost proven and simplest type solar still isitaype. Samadony
and Kabeel [15] carried out the study on theorktestimation of the optimum glass cover and watkn ftooling
parameter combinations on a stepped solar stilfevhievas found that the proper combinations ehfdooling parameters
have a great influence on stepped still produgtigitd the best combination was: film thickness fr2# x 10° to 5.5 x
10* m, cooling water volumetric flow rate from 4 x 1@ 8.5 x 1F m/s and glass cover length from 2 to 2.8 m. Kannan
et. al. [16] worked on a design of solar still myivapor absorption basin where he used activatdabn methanol pair
with vapor adsorbent pipe network. Sponges, gragelsd and black rubbers were used in the vaparatitsn type solar
still for improving the yield. Sampath kumar, Aram Pitchand and Senthil kumarl [17] reviewed tlotiva solar

distillation over the years.

Tiwari and Tripathi [18] have designed a solarl gtir better productivity and conducted experimeimtsthe
temperature range of 24D to 8CC. It was found from their results that better atitpan be obtained with an increase of
temperature in the forced mode of operation as emetpto natural mode. This increase is attributethé fact of fast
release of heat from the condensing cover. Yeo, @waljTeo [19] studied the heat transfer as wediresgy balance model
for conventional solar still. They formulated a hexnatical model to express various thermodynamatsatior by
considering the critical parameters like slope lasg cover, mass of water in basin and wind spiéadshal and Varun
[20] made a review of different types of still andncluded that a proper combination of cooling fémhanced the still
efficiency by 20 %. Tripathi and Tiwari [21] studi®n the different water depths in the basin watet its effect on the
heat and mass transfer coefficients. It is infethed the convective heat transfer coefficient leembasin water and inner
condensing cover depends mainly on the depth obéisin water. Gnanadason, Hariharan and Senthilkumiked on a
single slope solar still in which the still basirmsvbuilt with copper sheet and concluded that #éte of heat transfer to
water in the still made up of copper is more andckethe increase in the water temperature and ptiody. Jabbar and

Khalifa [23] performed an experiment on coverditigle and studied its productivity in different s@as.

A relation between the cover tilt angle and proilitgt of simple solar still in various seasons itablished
together with a relation between the optimum tilgle and the latitude angle. Badusha and Arjundh liasreviewed the
status of solar distillation plant in India where édmphasized on the significance of the solar gniergfulfilling various
domestic needs. The paper discusses the overalagewent in active and passive solar stills in dndihey also worked
on the performance analysis of conventional sistdpe solar still where he used heat energy ag wwpich is obtained

from solar radiation. The condensation and evapmraprocess in solar still is developed using comafonal fluid
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dynamics (CFD) method, a two phase 3-Dimensionatiehds developed for simulation result. Simulatigsult is
compared with actual experimental data of soldilidison plant. The various heat transfer coeéfiti shows that CFD is a
significant tool for the performance analysis ofigentional single slope solar still. Shivakumarnp&aathy and Sundaram
[25] has reviewed on the improvement techniques thedmethodologies of active and passive solds.styoub and

Malaeb [26] studied the relation of the economasibility and its enhanced productivity of solastdiation system.
Energy Balance Equations

Following Tripathi and Tiwari [34], the energy bat® equations for different components of an actlar still

are given as: Glass cover:

W logr + Dy (T, = Ty ) =y (T, - T,)

(1)
Water mass:
Q, +a, (1-o ) + 0, (T, - T, )= (MC) T\ p, (T,-T.)
u W g Feff wi'b wJS w dt 1wl " w q
2)
Basin liner:
@ (1- 0, A, Yo =, (T, =T, )+ (T, - T,) o
where
@u = ACFR [[D:r)c}c _UL(TW - Ta}
(4)

For Q

u =0, the above equations become energy balancei@uu&br a passive solar still.

Above equations can be solved fqf and Ty for given climatic and design parameters as giverripathi and

Tiwari [34]. Further the hourly yield per unit arean be calculated from the known values p&ifd T, and is given by

hew (Tw - Tg )
L

m,,, = x 3600
®)
The daily yield is given as
24
Mew = zmew
i=1 (6)
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Mathematical Models

A number of mathematical models have been usedediqi the performance of conventional solar datdn
system such as computer simulation, thermal cirsaitkey-diagrams, periodic and transient analysid iteration

methods.

In solar distillation plant history,Dunkle [28] wdke first to present a complete mathematical mdolelthe
analysis of heat and mass transfer processes whjmlrely based on the free convection of heatsfearin the solar still.
Cooper [29] analyzed the preliminary mathematicatet the with a digital simulation method a to diésethe system.
common variables such as single basin solar sill@uble glass cover, still insulation, wind vetgciwater depth and
cover slope were investigated . Ghoraba [30] obthigeneral relations of heat and mass transfeepsoginside the solar
still. These relations have the distinction of addasng some of the design parameters such addke gngle and the solar
still dimensions. However, Ghoraba used an immeesectric heater as an energy source. Clark [3airexed the validity
of Dunkle’s model and found that the Dunkle’s modekds some modifications for the mass transfatiosls inside the
solar still. Clark’s results were obtained from experimental shallow basin with solar simulationspbtlight banks.
Therefore, the applicability of Clark’s relatiora the outdoor work needs to be investigated. AaifijiKumar and Sodha
[32] studied the performance of a multi-stage stddkay solar still by using a computer simulativodel. The model was
verified by the outcome of simulated experimentaotiiree stage unit using immersion type electratdreas the heating
source. The experimented results obtained fronmtheel were in agreement with the experiments. Kuanar Tiwari [33]
estimated the convective mass transfer in soldlrsytstem with the help of a regression based #tal model by
providing initial values of glass and water temparas. Tripathi and Tiwari [34] theoretically calated solar fraction and
used in the solar intensity term to validate tmeédel for passive as well as active solar distilfatsystems. Omar [35]
theoretically studied a single slope active soiafilation system using different operational paeders like thickness of
insulation, effective absorptivity, solar intenségd transmissivity. P.T. Tsilingris [36] investigd the validation of a new
theoretical model which predicted the mass trartspathe barometric enclosure of solar still systeh has been found

that the Chilton-Colburn analogy is applicableddrroad range of Prandtl & Schmidt dimensionlesalrers.
Economic Evaluation

The economic value of distillate depends on varifaasors like the capital cost of the equipmennpland the
cost of the energy. The cost of the distillate atiglepends on the capital cost of solar still, gpeost, its operation and
maintenance cost. Its operation and maintenance doerequire skilled persons. Hence cost of thd@pegent plays a

major role in finding the economic feasibility aflar stills.

According to Howe and Tleimat [37] solar stills hay capacity less than 200%uay have better economical
value as compared to other desalination plantsowicg to Delyannis and Delyannis [38] ; Tiwari aMddav [39] ;
Mukherjee and Tiwari [40], Yadav and Tiwari [41]etreconomic analysis of multiple-wick and basin tymdar still
depends on the effect of subsidy, rainfall, salvaglie and maintenance cost of the system. ZeinAdizhllal [42]
studied the mixed water of condensed and well watgproduce potable water and compared the quawtiigh was
obtained from industrial distillation plants. HoveeyKudish and Gale [43] studied the various ecdngmospects of solar
distillation plant in Israel. Barrera [44] did thiechnical as well as economic study on staircasa still in Mexico

climatic condition and observed that 3.5 times gilietter result than chemical water acquisitiomari and Tripathi [45]
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studied the present status of solar distillatioanplin India and its future perspective. Tthave also analyzed the
economic valuesf single & double slog solar still constructed from the fibeginforced plasti (FRP). Samee, Mirza and
Majeed [46] observed the highdaily productivity of the simple Isin type solar stillVelmurugan, Gopalkrishnan a
Raghu [47] analyzethe economic valt of single basin solar still bysing sponge, wick and - and it was estimated that
there is an enhancement of 15.3, 29 and 45.5, psaductivity respectivel Sow, Siroux and Desmet [48] carried
Energetic and Exergetic analysis ofriple-effect solar still. It was found th#te exergetic efficiencies lie between 1¢
26% for a triple effect system, between 17 to 2@%6af double effect system ¢ less than 4% for single effect system.
Nunez, Gandara and Gortari [49]have d exergy analysis of a passive solar still andeobex that solar irradiance gives
maximum productivity. Kmar and Tiwari [50] studied the life cycle c of a passive single slope solar < and hybrid
photovoltaic active solar stills. The calculatedstcof 1 kilogram of distillateobtained from hybd photovoltaic active
solar still was found to be 0.049 US$ and that fimemssive solar sl to be 0.017 US$ Kabeel, Hamed and Agouz [*
have foundthe pyramid shaped solar < is more efficient andigher average annual productivity of 1533 ? while
advanced solar iftwith Sun Tracking has minimu average annual productivity of 250 |%. Kabeel & Agouz [52]
calculated and found that for a production of ab®iutm? /day of fresh watefrom single effect solar still, the ener
efficiencies ranges from 30 to 45Rlappally and Leonhard [53] studied and compargdssive solar still with a sm:
scale domestic Reverse Osmosis system for caleglatiergy savings and carbon credits earned. Rang@uKaushik [54
analysed the economic model of aasddtill by considering the cost of environmentagjchdation and estimated the cos

US$ 0.24/litre for potable water production frona water. The payback periog can be obtained

n, =[log(UA/(UA —1xP))/log(l +1)]

(where P is initial cost, i the rate of interestlamA is unacst) [1].

The payback period should be less than that offfdhef solar still for a useful investme
CONCLUSIONS

It is difficult to draw a single or sweeping consilon from the observations presented in the givegmepin the
present paper, experimental results, design paeaisahd performanceof the solar stillhave bee discussed. It can be
easily inferred that: A solar still withigh basin temperatt and low condensing glagsmperatur is often associated with
high productivity Solar stills are viable options for desalinatadrwater for remote and arid regions, where snalbants
of water is the requirement. Tlelvantage associated with solar still is its sioify, andthe non requirement of skille
labor for construction and operation mak this process particularly suitable for thse in the developing countri To
improve the efficiency of solar stiljariousnumber of contributing factors like material of magransmissivity of glas
cover and maximm concentration of solar radiations on the condensbver must be considered and furteconomic
analysis for getting distilled water from solarlstand hence to convert distilled water to genkirig water should b

done.

As it is expected that & stills are mostly to be used in small communitigkere it can be provi as a means of
employment toosolar still can produce a consideraeconomic relief over the other desalination sysifeilnis harnesse:

properly both economically and techrlly.
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