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Abstract—Water stress is being felt in many countries around the 
world. There are many techniques and methods to refine water from 
polluted/contaminated water resources. Majorities of available 
techniques are driven by energy obtained from combustion of fossils 
fuels. The reserve of such fuel is depleting rapidly and also impairs 
environment and ecology adversely on combustion. Solar distillation 
is method of producing potable water from unclean sources of water 
using thermal energy harnessed from sun. Solar distillation is very 
simple technology, economically viable, can be designed and 
fabricated using locally available materials, require less number of 
personals to operate and maintain it. There are many factors which 
have significant impacts on the performance of solar stills. In this 
communication performance analysis of passive and active solar 
stills are presented based on certain parameters. 
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1. INTRODUCTION 
Water paucity in any region may arise on account of mismatch 
in demands and supply needs of water consumer. This is not 
limited to a few countries but has become a global issue. 
Billions of people around the world are in shortage of clean 
and safe dirking water. In general this problem basically 
evolves due to shift in monsoon patterns resulting in flood 
situations in some regions and draught like situations in the 
other regions. Change in monsoon patterns are due to change 
in climatic conditions, larger population growth, 
indiscriminate use of safe drinking water, intensive 
agricultural and animal husbandry activities, rapid growth in 
industry, large scale of deforestation and poor management of 
water resources make the issue of water crisis more severe [1, 
2-5]. As per WHO reports consumption of contaminated 
drinking water tolls 30,000 lives every day. The major causes 
of illness even in developing and developed nations estimate 
around 75-80% due to drinking of unclean water[6].In poor 
countries shortage of safe drinking water is a serious concern 
and majority of population do not have approach to clean 
water and bound to drink contaminated water. Unclean water 
can be purified for the purpose of drinking and cooking using 
several techniques and technologies. Majorities of the 

available technologies are powered by energy obtained from 
conventional sources of energy. These resources are scare and 
when subjected for combustion to convert them in usable 
energy produces irreparable damage to environment and 
ecology. Instead of using complex technology water can be 
purified to certain extent using simple filters. Filters are 
designed using one are more than one materials. It is not 
necessary that only sophisticated technology or high end 
technology based on automation techniques can be efficient, 
fruitful and result oriented [7]. On contrary to the rest of 
technologies solar still uses renewable sources of energy 
harnessed from solar energy. The technology is simple, easy to 
operate and maintain moderate cost and environmental 
friendly [8].The process of solar distillation can be well 
understood by hydrological cycle occurring in the nature. In 
this cycle, water evaporates by receiving energy from 
environment and decreases the temperature of ambience. In 
the next stage condensation goes on and energy is released to 
the surrounding resulting in rise in temperature [9]. The 
exchange of heat during hydrological cycle influences the 
climatic conditions. During the process of evaporation water is 
purified and it pours down on the earth surface in the form of 
rain, mist, snow etc. as pure water. Solar distillation is very 
simple method of producing drinking water from 
contaminated source, saline/brackish water using solar energy. 
Generally body of solar still is made of fibre reinforced plastic 
(FRP) with top cover made of transparent materials preferably 
glass. It is important to keep orientation of solar still in such a 
way so that maximum solar radiation is capitalised. Single 
slope solar still should have south facing whereas as double 
slope solar still should have east west orientation [10]. The 
inner surface is painted black to absorb maximum radiation. A 
small portion of solar radiation is reflected back from the top 
glass cover and also from the water surface. Maximum 
quantity of solar radiation penetrates into the still chamber and 
is absorbed by the basin liner and basin water kept for the 
purpose of purification. The amount of thermal energy 
absorbed mainly depends upon absorptivity and quantity of 
water mass kept within the still. This chamber is acting as heat 
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trapping device and producing green house effect. The 
absorbed thermal energy is convected to the basin water mass 
and raises its temperature in the basin. This effect causes an 
increase in difference of temperature between evaporative 
surface i.e. .top surface of basin water and inner surface of 
glass cover. The process of evaporative heat transfer 
commences from basin water surface and reaches the inner 
surface of transparent cover also known as condensing cover. 
Water vapour condenses at the inner surface relinquishing its 
latent heat to the cover. The condensate so formed is free from 
impurities of almost all kinds which were available in the 
water as contaminants. The condensed droplets flow down 
into the channels kept at the lower end of glass cover under 
the influence of gravity [11, 12. 13-16]. 

Solar stills: 

Solar distillation is simple approach of getting potable water. 
Evidence of solar still is found dated back to 1551 by Arab 
alchemist Della Porta (1589) [18], Lavoissier (1862), and 
Mauchot (1869) [18] were the scientists and naturalists who 
used solar distillation to provide fresh drinking water. It was 
Swedish engineer Charles who established first conventional 
type solar still in1872 in Las saline to cater the need of potable 
water for mining community. Solar stills are classified into 
two categories namely passive solar still and active solar still. 

Passive solar still: 

Passive type solar still is an air tight insulated basin having to 
cover made of transparent glass or plastic cover. When still is 
subjected to solar radiation, the incident sun rays get 
transmitted from top cover to the basin liner at the bottom, 
hence heating the water .Air available within the chamber is 
heated due to hot water and becomes unsaturated. Water gets 
evaporated and saturates the air around it. The flow of air 
inside solar still is due to the temperature gradient between 
water surface and the inner top cover. Passive solar still does 
not have any indirect heating arrangement .Passive solar stills 
are single slope as well as double slope. Tiwari et al. [19] 
investigated and reported that performance of single slope 
basin still is better than double slope basin still in winter 
season/ cold climate however, contrary results are sought in 
summer/hot climate. Passive solar stills are sub classified into 
conventional and efficient designs.  

 
Fig. 1: Schematic diagram of Single basin  

single slope passive solar still. 

Most of researchers have reported that the passive solar still is 
a slow process of water evaporation and daily total 
productivity is approximately 2.25 kg/m2/day during summer. 
The operating range of temperature for clear sunny day and 
for maximum solar radiation is in the range of 20°C-50°C.The 
fig. no.1 represents Schematic diagram of Single basin single 
slope passive solar still. 

Active solar still: 

In active solar still water kept in basin undergoes direct 
heating as well as well as heat added from external sources. 
Pre heated water is connected is fed in basin through 
connecting channels .Active solar stills may be integrated with 
solar heat concentrator, collector (single as shown in Fig. 2) 
number of collectors connected in series, flat plate collector, 
parabolic trough, solar still coupled with hybrid PV/T and heat 
exchanger. Industrial heat waste too can be retrieved and be 
utilized to preheat feed water before admitting it into the 
active solar stills. Evaporation rate is governed by the 
temperature achieved by the basin water. Kumar and Tiwari 
performed experiments on active solar stills and reported that 
the yield from active solar still was 3.5 times higher than 
passive solar still. Active solar distillation is sub classified as 

High temperature distillation: 

Hot water is supplied into basin which is pre heated by using 
solar collector/concentrator. The operating temperature may 
vary from 50°C-100°C and is generally known as high 
operating distillation. 

Nocturnal production: 

In this arrangement objective is to achieve distillation during 
off sunshine hours. During sunshine hours water of basin is 
heated and the major portion of heat energy received is stored 
in water mass. During off sunshine hours this stored energy is 
utilized for producing potable water. Rai et al. [21] reported 
that increase in temperature of fed water mass basin in the 
basin will be influenced by various factors such as mass flow 
rate, quality of heat absorbing materials and solar intensity 
falling on the still. 

 
Fig. 2: Schematic view of active solar still with single collector. 
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2. SYSTEM DESCRIPTION 

In Fig.1 passive single slope conventional solar still has been 
shown. Its body is made of fibre reinforced plastic (FRP) 
which serves as insulator to minimise heat loss from basin. Its 
top cover is made of transparent glass in rectangular shape 
through which solar radiation reaches in the rectangular shape 
basin having an effective area Ab=1 m2 (as shown in Fig. 1). 
In order to receive optimum heat energy orientation of solar 
still is most important. The orientation of single slope is kept 
south facing for better performance. For optimum yield, the 
inclination of condensing cover is taken equal to 15o for 
summer point of view. The basin liner and side walls are 
painted black to absorb maximum heat reaching to the basin. 
Contaminated water is kept in the basin chamber to produce 
potable water. The chamber is designed as air tight chamber to 
serve as heat trap and prevent vapour loss from the basin. Heat 
received raises temperature of water mass and creates 
temperature gradient between water surface and inner glass 
cover. Water vapour is transported to the inner glass cover and 
condensed there after releasing its latent heat to the cover and 
water droplets slips down to collecting jar. 

Fig. 3 represents an active conventional solar still coupled 
with fully covered semitransparent photovoltaic thermal-flat 
plate collector (PVT-FPC). In this case, water is heated 
directly and also indirectly using the PVT-FPC. The main 
objective of integrating PVT-FPC with conventional passive 
solar still (referring to Fig.1) is to feed the hot water into basin 
and electric power generation which is used to run motor for 
circulation of basin water in closed loop through the collector. 
This arrangement will enhance the temperature gradient 
between water surface and inner condensing cover. Passive 
solar still operates at lower temperature range but active solar 
still operates at the higher temperature range. With gain in 
temperature, the rate of evaporation increases which results in 
increasing yield from solar still as compared to that of passive 
solar still. 

Incident solar radiation
Glass cover

Distillate outlet

Water mass

P

Fully covered 
semitransparent PV module

PVT Collector

Solar Still

θ = 15o

 

Fig. 3: Schematic representation of (PVT-FPC) integrated solar 
still under forced circulation. 

3. THERMAL MODELING 

For the purpose of simplification of the numerical simulation 
of the proposed model, the following assumptions are needed 
that are given as bellows: 

1. The whole process in the proposed system is considered 
under the quasi-steady state conditions. 

2. The heat capacities of the materials used in the design of 
the proposed model are neglected. 

3. One-dimensional heat flow has been considered for the 
present simulation. 

4. The ohmic losses between the solar cells of PVT-FPC 
collector are neglected. 

5. There is no stratification of temperature between layers of 
fluid. 

6. Vapour leakage proof system is considered. 

7. The pressure losses in the pipe flow are neglected. 

The energy balance for the active solar still (as shown in 
figure Fig. 3) considered in the present study has been shown 
as follows: 

Energy balance for solar cells of PVT-FPC 

	 , ,

                                  (1) 

Energy balance for absorber plate of PVT-FPC 

	 1 ,
′

,          (2) 

Energy balance for the flowing fluid 

	 ′            (3) 

Later on, solving above equations, , , and  have been 
evaluated and further following parameters have been 
evaluated: 

                                (4) 

1 T                            (5) 

       (6) 

and, 
  (7) 

Energy balance equation for condensing cover of still 

′   (8) 

Energy balance equation for water of still: 

	 ′

 (9) 



50

w
PV

Fu
eq

an

O
in

w

0 

Th
an
fo

4.
Fi
in
av
Jo
In
N
ob
th
de
be

04

where, is the 
VT-FPC. 

urther, using E
quation as giv

where

nd 

	

n solving the 
n solar still is o

1 e

where, 

and   is a

he rate of hea
nd hourly yie
ollows: 

. RESULTS
ig. 4 represe

ncident on the 
vailable solar 
ordan method 
ndian Meteoro

New Delhi clim
bserved from 
he PVT-FPC c
esign paramet
een given in th

Table 1: Desi

Parameters a
2.1m2 
1m2 
0.968 
0.816	W/m
0.003m 
0.166W/m
0.100m 
6W/mK 
0.002	m 
0.100	m 
3.47W/m
7.87W/m

, 9.17	W/

, 5.58 W/

, 4.8 W/m

p-ISS

useful heat g

Eqs. (4), (8) a
en below: 

 

,	

	

differential e
obtained as 

exp	 ∆

 is te
average value 

at losses in for
ld of the prop

W/m2 

 3600 

S AND DISCU
ents the hou
PVT-FPC co
radiation hav
using the sol

ological Depa
matic conditi
the figure tha
collector is h
ters for the a
he Table 1. 

ign parameter

and Values 

mK 

mK 

m2K 
m2K 
/m2K 
/m2 K 
m2 K 

Jou
SN: 2350-0077

ain (Eq. 4) fe

and (9), one ca

    

′  

equation, the t

exp	

mperature	of
of f(t) for tim

rm of evapora
posed model 

/ h  

USSION 
urly variation
ollector (Ic) an
ve been evalu
lar intensity d
artment (IMD
on in the Ma
at the solar ra

higher than on
active and pas

s used in nume

Paramet
0.3782
0.9512
100W/m

5.7W/m2
′ 5.8W/m2

9.5W/m2
100	W/m
0.9 

′ 0.5861 
′ 0.0095 
′ 0.1787 
0.8 
0.0045 
0.95 
4200J/kg

urnal of Basic 
7; e-ISSN: 235

ed to the sola

an write the re

        

temperature o

∆   

f	basin water
me interval 0 to

ation in the so
can be evalu

                

                     

n of solar ra
nd solar still (I
uated by the L
data provided
D), Pune, Ind
ay month. It 
adiation avail
n the solar sti
ssive solar sti

erical computa

ters and Value
 
 
m2 
2 
2 
2 
m2 

gK 

 

and Applied E
50-0255; Volu

r till by 

esultant 

(11) 

 (12) 

of water 

(13) 

r  at t
o t. 

olar still 
uated as 

     (14) 

     (15) 

adiation 
Is). The 
Liu and 

d by the 
dia, for 
can be 
able on 
ill. The 
ill have 

ation 

es 

Eq
ou
Ho
sol
ob
is 
no
ou
co
the
sus

Eq
wa
act
tem
ha
the
sti
da
tha
is 
at 

Eq
an
ho
be
of 
tha
in 
be
the
ho
sol
the

F

A.K. Mishra

Engineering R
ume 6, Issue 8

 

quation (8) ha
utput for the 
ourly variation
lar still has be

bserved that th
same as the s

oted that prop
utput due to 
llector. The g
e pump of the
stained. 

quation (13) h
ater mass pre
tive PVT-FPC
mperature of 
ave been illust
e temperature
ll is higher th

ay (as shown 
at difference b
higher than th
night. 

quation (15) h
nd the propose
ourly variation
en shown in F

f the proposed 
an the passive
Fig. 6). It can
tween the tem
e night hours 

ours. Further, t
lar still are fo
e given design

ig. 4: Hourly v
and sola

a, Md. Meraj, 

Research 
8; July-Septem

as been used 
active PVT-

n of electrical
een shown in

he trends of va
solar radiation
osed active s
presence of 

generated elec
e proposed act

has been used
esent in basin
C integrated s
water mass f

trated in Fig. 
e of water ma
han the passive

in Fig. 6). O
between the te
he night hours

has been used 
ed active PVT
n of yield for 
Fig. 6. From th
active PVT-F

e one througho
n also observe
mperatures du

due to presen
the daily yield

ound as 3.16 a
n and climatic

variation of sol
ar still in the M

G.N. Tiwari a

mber, 2019 

  

to evaluate t
-FPC integrat
l power outpu

n Fig. 5. From
ariation of ele
n as per our ex
olar still havi

f PV module
ctrical power 
tive system, th

d to compute
n for passive

solar still. The
for passive an
6. From the f
ass for the pr
e one through

One can observ
emperatures d
s due to absen

to compute t
T-FPC integr
passive and a

he figure, it is
FPC integrated
out the hours o
ed from the fi

uring the day h
nce of solar r
d for passive 
and 7.86 kg/m
 parameters. 

lar intensity on
May Month for

and Md. Aziz A

the electrical 
ted solar stil

ut of proposed
m the figure, o

ctrical power 
xpectation. It 
ing electrical 
e in the PV

can be used 
hus it become

e the temperat
e and the pro
e hourly varia
nd active sol
figure, it is se
roposed active
hout the hours
ved from the 
during the day
nce of solar ra

the yield for p
rated solar sti
active solar st
s found that th
d solar still is 
of the day (as 

figure that diff
hours is highe
radiation durin
and proposed

m2 respectively

n PVT-FPC col
r New Delhi. 

Ahmad 
 

                

power 
ll. The 

d active 
one can 

output 
is also 
power 

VT-FPC 
to run 

es self-

ture of 
oposed 

ation of 
lar still 
en that 
e solar 
s of the 

figure 
y hours 
diation 

passive 
ll. The 
till has 

he yield 
higher 
shown 

ference 
er than 
ng day 

d active 
y under 

 

llector 

 



Pe
 

F

F

F

erformance A

Fig. 5: Hourly 

Fig. 6: Hourly v
ba

Fig. 7: Hourly v

nalysis of Pas

p-ISS

variation of el
FPC integ

variation of tem
asin for passive

variation of yie

ssive and Acti

Jou
SN: 2350-0077

lectrical power
grated solar sti

mperature of w
e and active so

 

eld for passive 

ive Solar Stills

urnal of Basic 
7; e-ISSN: 235

r output by the
ll. 

water mass pre
olar still. 

and active sol

s

 

and Applied E
50-0255; Volu

 

e PVT-

 

esent in 

 

lar still. 

5.

On
be

(i)

(ii)

(iii

RE

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

[12

[13

[14

Engineering R
ume 6, Issue 8

RESULTS

n the basis of
en made: 

 The propos
power outp
self-operate

) The operati
is recorded
than the pas

i) The yield o
still has be
under the g

EFERENCES

] R.P.Schwarz
B.Wehrli, 
health.Annu.

] W.J.Cosgrov
every body’s

] World Healt
progress on 
sanitation (W
P.58 

] World Healt
in meeting th
Urban and 
Geneva, Swa

] The United
Managing w

]  I.Ashmad, S
Energy 12, 3

] V.Rayan, in 
2009). Wate
fromwww.te

]  G.N.Tiwari,
and Applica
2014 

] T.Oki, S.Ka
resources Sc

0] G.N.TiwarI, 
Systems, B
Applications

1] G.N.Tiwari, 
Desalination

2] M.A.S. Ma
Distillation (

3] P.I.Cooper, T
stills.Sol.Ene

4] K.V.Baibut 
Concentratio
Stills.Geliote

 

Research 
8; July-Septem

 AND DISCU

f present stud

sed active PV
put during day
ed during day 

ing parameter
d 30% higher 
ssive one. 

of the propos
een found 15
iven design an

S: 

zenbach, T.Eg
Global w

.Rev.Environ.R

ve, F.R.Rijsberm
s Business (Wor

th Organ (WH
drinking wate

WHO/UNICEF, 

th organization 
he MDG Drinki
Rural Challen
aziland/New Yo

d Nations and
water under Unc

S.M.K. Hameed
321, (1997) 

World Associa
er purification 
chnologystuden

, Solar Energy
ations, Narosa 

anae, Global hy
ience 313,1068

Lovedeep Sa
Basics Princip
s, Spinger 

A.K.Tiwari, in
n Systems (Anam

alik, G.N.Tiwa
(Pergamon Pres

The absorption
ergy 12,333(196

aev, B.M.Achi
on on Ev
ekhnika 6, 83(1

mber, 2019 

USSION 

dies, followin

VT-FPC solar
y hours; hence

hours. 

rs i.e. tempera
in the propos

sed active PV
0% higher th
nd climatic pa

gli, T.B.Hofs
water polluti
Resour 35,109-1

man, in world 
rld water counc

HO)/UN Child.
er and sanitatio
Geneva, Swazi

(WHO/UN Ch
ing Water and S
ge of the Dec

ork,2006) 

d World wat
ertainty and Ri

d, solar Steriliza

ation of Techno
and Simple T

nt.com 

y, Fundamental
publishing Ho

ydrological cyc
8-1072(2006) 

ahota, Advanc
ples Thermal 

n Solar Distillat
maya Publisher

ari, A. Kuma
ss, Oxford, U.K

n of solar ener
69) 

ilov, G.Kamae
vaporation p
970). 

ng conclusion

r still has ele
e this system w

ature of wate
sed active sol

VT-FPC active
han the passiv
arameters. 

stetter, U.V.G
ion and 
136 (2010) 

vision, making
cil, London 200

 Fund (UNICE
on, Special Fo
iland/New York

hild. Fund (UN
Sanitation Targ
cade (WHO/U

ter Developme
sk. Report 4,1(2

ation of Water, 

ology Teachers
Technology. Re

ls, Design, Mo
ouse Pvt.LTD. 

cles and world

ce Solar- Dist
Modeling a

tion Practice fo
rs, 2008) 

ar, M.S.Sodha,
K.1982) 

rgy radiation i

va, in Effect 
process in 

505 

ns have 

ectrical 
will be 

er mass 
lar still 

e solar 
ve one 

Gunteen, 
human 

g water 
00) 

EF), In 
ocus on 
k, 2008, 

NICEF), 
et:  The 
NICEF, 

ent, In 
2012) 

Renew. 

 (2001-
etrieved 

odelling 
Reprint 

d water 

tillation 
and Its 

or Water 

, Solar 

in solar 

of Salt 
Solar 



A.K. Mishra, Md. Meraj, G.N. Tiwari and Md. Aziz Ahmad 
 

 

Journal of Basic and Applied Engineering Research 
p-ISSN: 2350-0077; e-ISSN: 2350-0255; Volume 6, Issue 8; July-September, 2019 

506

[15] J.W.Bloemer, J.R.Irwin, J.A Ebling.G.O.G.Lof, A practical basin 
type Solar Still.J.Solar Energy 9.197(1965) 

[16] S.D.Gomkale, Solar distillation as a means to provide Indian 
villages with drinking water.J.Desalin 69,171(1988) 

[17] G.B.Della Porta, 1589, Magiae naturalis libri XX, Napoli. 

[18] A.Mouchot, 1869. La Chaleur Solavie et ses Applications. 
Gauthier-Villars, Paris. 

[19]  G.N. Tiwari, K. Mukkherji, Ashok kumar, Y.P. Yadav, 
Comparison of various designs of solar stills, Desalination 1986; 
60:191-202 

[20] S.Kumar, G.N.Tiwari, Performance evaluation of an active solar 
distillation system, Energy 21 805 (1996a) 

[21] S.N.Rai, G.N.Tiwari, Single basin solar still coupled with flat 
plate collector. Energy Convers Mang. 1983; 23(3); 145-9. 


