
Sarkar et al. Renewables  (2017) 4:1 
DOI 10.1186/s40807-017-0038-8

REVIEW

A review of optimum parameter values 
of a passive solar still and a design for southern 
Bangladesh
Md. Nazmul Islam Sarkar1* , Anwarul Islam Sifat1, S. M. Shamim Reza2 and Md. Shibli Sadique3

Abstract 

Pure and fresh water is being scarce day by day. Although Bangladesh is a riverine country, pure drinking potable 
water is not a cheap commodity. Most of the people in the cities boil water to drink, and people of the villages take 
tube-well’s water directly, which might have high amount of heavy metal like arsenic. Solar still is a cheap and very 
useful renewable technology, which can be used in Bangladesh extensively everywhere at the rooftop as a pure water 
source. Objective of this paper was to find a low cost portable and easily maintainable passive solar still for southern 
part of Bangladesh. All the parameters of passive solar still are studied, and it is found that an inclined stepped solar 
still with passive condenser, internal and external reflectors, black cotton wick, and with optimum design values can 
be the desired still, which would give maximum yield. Finally, the optimum values of the parameters are used to 
propose a cheap design.
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Background
The concept of solar still is very useful in the context of 
supplying pure water to rural communities where there 
is scarcity of fresh water. In the disaster-prone coun-
tries like Bangladesh, solar still can be used as a lifesav-
ing technology. It is cheap and easily constructible from 
rurally available materials. Although Bangladesh has so 
many rivers in its landscape, pure potable water is not 
available everywhere. Besides this, underground water of 
the southern districts is saline. Solar desalination can be 
one of the feasible solutions of this problem.

Solar stills can be classified under two broad categories: 
passive still and active still. In passive stills, the basin is 
heated directly without any active element like heaters or 
boilers and preheated water is also not flown from other 
sources. They have simple design, and no extra heating 
element is required. On the other hand, active heating 
elements are present in an active still. Preheated water 
can also be used. Passive and active stills can be further 

classified as efficient design or as conventional design. 
The classification is given in Fig. 1 (Singh et al. 1996).

The purpose of this paper is to provide a simple, cheap 
and efficient design of a passive solar still for southern 
Bangladesh. To do this, parameters affecting the distillate 
productivity of a passive solar still are studied from the 
literature, and optimum values are recorded to propose a 
high-yield design.

Salinity level of Bangladesh
Because of global warming and sea-level rise, salinity in 
the coastal area rises. This is a kind of disaster that occurs 
pretty slowly but has hazardous effects like increased 
soil salinity, increased ground water salinity and aban-
donment of agricultural fields. Inland fresh water lakes, 
ponds and aquifers are likely to be affected by saline 
and brackish water intrusion. Developing countries like 
Bangladesh are most vulnerable to this disaster. Figure 2 
shows the soil salinity of Bangladesh in 2009 (SRDI 2016).

The blue line was the salinity boundary in 1973, which 
increased to the red line within 2000 and to the black 
line in 2009. It is evident from this figure that the salin-
ity boundary is gradually increasing, and new lands are 
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becoming saline day by day. As a matter of fact, the peo-
ple living in between the salinity boundary area depends 
solely on surface water in the ponds or rain water. As 
most of them are poor and can not afford to buy pota-
ble drinking water, they suffer from severe waterborne 
diseases. After doing a field visit in 18 different locations 
in the Sundarban union of southern most Bagerhat dis-
trict and taking water sample from the ponds of these 
locations, the water quality test is done. The detailed 
water quality test was conducted by Bureau of Research, 
Testing and Consultation (BRTC), and Bangladesh Uni-
versity of Engineering and Technology (BUET). The 
findings of this test are outlined in Table 1.

From Table  1, it is clear that most of the ponds have 
high amount of turbidity along with salinity and high pH. 
Even though people of these areas are using this water for 
drinking and cooking, which have serious health effects.

To eliminate this problem, solar still along with rain 
water harvesting might be a very good solution. Pas-
sive solar stills are cheap and easily makable and also 
washable. They can be used for a long time without any 
maintenance. In the following sections, the optimum 
parameters are extracted for a passive solar still and a 
feasible design is proposed.

Solar resource availability in Bangladesh
In Bangladesh, average insolation level is pretty high 
from 4 to 5  kWh/day around the year, which ensures 
the potential of solar power harvesting for solar still 
(NASA 2015). In Fig. 3, the 22 year’s average of monthly 
averaged daily solar insolation and clearness index of 
Dhaka city is shown. The effectiveness of passive solar 
still mostly depends on the solar radiation received, and 
thus, Bangladesh is a very suitable place for solar still.  

Parameters affecting the productivity of a passive 
solar still
Efficiency of a solar still mostly depends on the evap-
oration and condensation rate of the distillate water. 
According to Malik et  al. (1982), the evaporative heat 
transfer can be given as:

where the evaporative heat transfer coefficient from the 
basin water to glass cover is given as:

Dunkle (1961) has given the following formula for 
convective heat transfer:

From the above Eq. (1), it is clear that evaporative 
heat transfer from basin water to glass cover depends 
on the absorber plate area (Ab) and the difference 
between partial pressure of the basin water temperature 
(pb.w) and partial pressure of glass cover temperature 
(pg .c). On the other hand, convective heat transfer from 
the glass cover to the atmosphere is given by Kalogirou 
(2005) as:

where convective heat transfer coefficient is given by 
Watmuff et al. (1977) as:

From Eq. (4), it is evident that convective heat trans-
fer from the glass cover to atmosphere depends on the 
area of the glass cover (Ag .c) and temperature difference 
between glass cover (Tg .c) and atmosphere (Ta). From 
Eq. (5), it can be seen that the convective heat transfer 
coefficient depends on the wind velocity. Figure 4 shows 
a schematic diagram of a passive solar still where the 
energy flow from solar radiation to water is shown with 
different losses.

There are three types of parameters affecting the effi-
ciency of a passive solar still: design parameters, opera-
tional parameters and climatic parameters. Among these 
climatic parameters are uncontrollable as they depend 
on the nature. But all the other parameters can be con-
trolled to get the maximum distillate productivity. Now 
all the parameters will be discussed in brief to find out an 
efficient design.

(1)Qe,b.w−g .c = he,b.w−g .cAb(pb.w − pg .c)

(2)

he,b.w−g .c =
MwhfgpT

Macpa(pT − pb.w)(pT − pg .c)
hc,b.w−g .c

(3)

hc,b.w−g .c = 0.884[(Tb.w − Tg .c)

+
(pb.w − pb.c)(Tb.w + 273.15)

(268900− pb.w)
]
2
3

(4)Qc,g .c−a = hc,g .c−aAg .c(Tg .c − Ta)

(5)hc,g .c−a = 5.7+ 3.8v

Fig. 1 Classification of solar stills
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Design parameters
The design parameters are mainly responsible for the 
efficiency of the solar still. In the following section, the 
design parameters are discussed in brief:

No. of slopes
Passive solar still can have single-slope glass cover basin 
or double-slope basin. Garg and Mann (1976) conducted 
a research on climatic, design and operational parameters 

Fig. 2 Soil salinity of Bangladesh in 2009 (SRDI 2016)
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on single-sloped and double-sloped solar still, and they 
found that single-sloped solar stills receive higher solar 
radiation than double-sloped basins. So the desired still 
should be a single-slope still.

Number of basins
There are single- and multi-basin solar stills. A research 
done by Al Mahdi (1992) shows that double basin gives 
higher yield than single basin stills. If the number of 
basin is increased further to three or four, then distillate 
productivity does not increase that much. Although the 
double basin still has higher productivity, the design of 

double basin is harder to implement and the portability is 
immensely reduced. So number of basins can be limited 
to one in the context of easy making of the still.

Basin liner construction
El-Naggar et  al. (2016) have done the experimental and 
theoretical performance analysis of finned-single effect 
solar still. They have used finned-basin liner and found 
an efficiency improvement of around 13%.

Inclination of glass cover
The distillate productivity depends heavily on the amount 
of solar radiation it receives. So tilt angle of the solar still 
is a very important parameter to consider. If we want to 
receive normal solar radiation, then its tilt angle should be 
equal to the latitude of the place. El-Maghlany et al. (2016) 
have studied the effect of glass cover inclination angle on 
conventional solar still. They have found that proper glass 
cover inclination angle can improve the still productivity 
up to 22.3%. El-Samadony et al. (2016) have also studied 
the influence of glass cover inclination angle on radia-
tion heat transfer rate within stepped solar still, and they 
found that taking radiation shape factor into account is 
very important at low solar insolation. A numerical analy-
sis was conducted by Singh and Tiwari (2004), and they 
found that maximum annual distillate happens if the glass 
tilt angle is equal to the latitude of the place. Therefore, 
the proposed still should have an inclination of glass tilt 
angle equal to the latitude of the place. For example for 
Dhaka city, it would be equal to 23.7°.

Fig. 3 Monthly averaged daily solar insolation with superimposed 
clearness index (NASA 2015)

Table 1 Water quality test results of 18 ponds of Bagerhat district

S no. Pond name Turbidity (NTU) Salinity (ppm) pH Usage

1 Madurpalta Niaz Makhdum Pond, Sundarban Union 32.7 2.1 8.04 Drinking and cooking

2 Mahaldar Bari Pond, Sundarban Union 5.24 1.3 8.13 Drinking and cooking

3 Harun Khandaker’s Pond, Sundarban Union 35.7 2.7 8.01 Cooking

4 Abdur Rashid’s Pond, Chila Union 38.3 3.5 8.4 Cooking

5 Pijush-Depicho Pond, Chila Union 6.62 2.9 8.25 Drinking and cooking

6 Kakoli’s Pond, Chila Union 27.6 3 8.2 Cooking

7 Perikhali Bazar Pond, Perikhali Union 37.5 0.6 7.6 Cooking

8 Alok Mondal’s Pond, Kalikabari Union 72.1 0.9 8.01 Cooking

9 Andharia Masjid Pond-1, Sundarban Union 14.3 1.5 8.12 Drinking and cooking

10 Andharia Masjid Pond-2, Sundarban Union 17.6 1.1 7.9 Drinking and cooking

11 Amratola Pond, Sonailtola Union 16.1 1.6 8.13 Cooking

12 Gachi Pond, Sonailtola Union 53.6 0.7 8.5 Cooking

13 Ghorami Pond, Chila Union 9.67 1.5 7.71 Cooking

14 Kalipodo Pond, Chila Union 81.7 0.3 7.49 Cooking

15 Sunil Mondal Pond, Chila Union 63.8 0.7 7.53 Drinking and cooking

16 Bimol’s Pond, Haldibuniya, Chila Union 16 0.9 8.18 Drinking and cooking

17 Shikhor Paroi’s Pond, Chila Union 11.1 1.6 8.21 Cooking

18 Hurka Pond, Hurka Union 37.5 0.6 7.6 Cooking
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Glass cover thickness
For solar distillation, glass is the suitable material as it has 
higher transmittance for solar radiation of various angles. 
Glass has also a longer life, and it can easily create a tem-
perature difference on the top and bottom of the cover. 
From Eqs. (3) and (4), it can be seen that with increase in 
glass cover thickness the temperature difference between 
the water and glass cover surface will increase, which will 
eventually increase the distillate productivity. However, 
the heat transfer rate will also decrease at the same time, 
which will reduce the distillate productivity. Ghoneyem 
and Ileri (1997) showed in their research that 16.5% more 
production is possible if 3-mm glass thickness is used 
than 6-mm glass thickness. So the glass thickness should 
be kept less than or equal to 4 mm.

Gap distance between water and glass cover
The gap distance between the water surface and glass 
cover can have significant impact on distillate productiv-
ity. Ghoneyem and Ileri (1997) analyzed solar stills with 
different glass cover to water gap distance and found 
an increase of 11% distillate productivity if the gap is 
reduced from 13 to 8 cm. In the desired still, the gap dis-
tance should be kept as low as possible, which might be 8 

cm or lower. To reduce the gap distance to minimum, a 
stepped solar still can be used.

Stepped solar still
In conventional basin-type still, the gap distance and 
water depth cannot be maintained at minimum level 
as the basin area is large and the angle of inclination of 
the glass cover creates a huge gap between the cover 
and the basin. This problem can be eliminated by using 
small trays on an inclined basin. This is called stepped 
solar still. Velmurugan et  al. (2008) have done a perfor-
mance analysis for productivity enhancement of stepped 
solar still, and they increased the output by 98%. Kabeel 
et  al. (2012) experimented stepped solar still with vary-
ing water depth of trays and width, and they found that 
at 5 mm water depth and 120 mm width of the trays the 
yield is maximum which is 53.7% higher than conven-
tional still. So 4–5 mm water depth and 100–120  mm 
tray width should be used for the proposed still. Figure 5 
shows a schematic diagram of a stepped solar still.

Energy absorption and storing materials
Black materials like black gravel, black rubber, charcoal, 
black volcanic rock, uncoated or coated metallic wiry 
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Fig. 4 Schematic diagram of a passive solar still
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sponge or black-painted aluminum fins can store more 
heat and also increase the heat absorptivity of the basin. In 
a study, black volcanic rock is found to be a better absorb-
ing material than both coated and uncoated metallic wiry 
sponge (Abdallah et al. 2009). Patel and Kumar (2016) have 
done a comparative performance evaluation of modified 
passive solar still using heat storage material and found 
that distillate productivity can be improved by 11.24% 
by using energy-storing materials. According to Cooper 
(1972), surface reflectance is more disadvantageous than 
linear reflectance because of the absorbing properties of 
basin water. Therefore, charcoal, black gravel or rock will 
increase the energy supplied by increasing the absorbed 
solar radiation in water. As charcoal is easily available 
and cheap in the context of Bangladesh, it can be used as 
energy storage material in the proposed still.

Insulation thickness
As significant heat is lost due to low or no insulation 
thickness, the solar still should be properly insulated. 
The higher the insulation, the lower the heat loss. Cotton, 
clothes, rubber, glass wool, mica sheets, wood, etc. can be 
good insulation material. But among them rubber is the 
most used and efficient insulation material. The effect of 
insulation thickness was investigated by Garg and Mann 
(1976). They found that 26% of heat is lost through the 
base of the basin, which can be recovered by using cheap 
saw dust as insulation (25 mm thick), and thus, 7% dis-
tillate productivity can be increased. Al-Karaghouli also 
investigated the influence of insulation thickness on sin-
gle and double basin stills and found the efficiency to be 

increased by 2–4% when side of the basin is insulated 
(Al-Karaghouli and Alnaser 2004). Al-Hinai et al. (2002) 
have shown that optimum insulation thickness should be 
of 0.09–0.13 m. Therefore, insulation thickness of 0.10 m 
can be used in the proposed still.

External and Internal Reflectors
Internal and external reflectors can be added to increase 
the solar radiation on the still, which will eventually 
increase the distillate productivity. According to the theo-
retical analysis done by Tanaka and Nakatake (2006), it is 
evident that distillate output can be increased up to 48% 
when internal and external reflectors are added. Hiroshi 
Tanaka had also done an experimental analysis of a basin-
type still with internal and external reflectors in winter at 
Japan, which showed the similar outcome (Tanaka 2009). 
He also had done a theoretical analysis of basin-type solar 
still with flat plate external bottom reflector where an 
increase of 25–65% of distillate production was expected 
(Tanaka 2011). According to these analyses, the proposed 
still should have both external suspended reflectors and 
internal reflectors in the basin liner.

Sun tracking system
Tracking the sun is the best way to increase the incident 
solar radiation on the still. Distillate productivity will 
increase significantly if sun trackers are used. There are 
two types of sun tracker: single-axis and dual-axis track-
ers. Single-axis trackers tracks the sun only from east 
to west, but dual-axis trackers tracks the exact location 
of the sun on a particular day at a particular time. So in 
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Fig. 5 Schematic diagram of a stepped solar still (Dunkle 1961)



Page 7 of 13Sarkar et al. Renewables  (2017) 4:1 

Ta
bl

e 
2 

D
es

ig
n 

pa
ra

m
et

er
s 

of
 a

 p
as

si
ve

 s
ol

ar
 s

ti
ll

Pa
ra

m
et

er
s

Si
gn

ifi
ca

nc
e 

in
 o

ut
pu

t/
yi

el
d

O
pt

im
um

 v
al

ue
Re

f.

N
o.

 o
f s

lo
pe

s
Si

ng
le

 s
lo

pe
 h

as
 a

 h
ig

he
r y

ie
ld

 th
an

 d
ou

bl
e 

sl
op

e
Si

ng
le

 s
lo

pe
G

ar
g 

an
d 

M
an

n 
(1

97
6)

N
o.

 o
f B

as
in

s
D

ou
bl

e 
ba

si
n 

gi
ve

s 
hi

gh
er

 y
ie

ld
 th

an
 s

in
gl

e 
ba

si
n 

st
ill

s
Si

ng
le

 b
as

in
 in

 th
e 

co
nt

ex
t o

f e
as

y 
m

ak
in

g 
of

 
th

e 
st

ill
M

ah
di

 (1
99

2)

In
cl

in
at

io
n 

of
 g

la
ss

 c
ov

er
A

ng
le

 o
f i

nc
lin

at
io

n 
ha

s 
to

 b
e 

eq
ua

l t
o 

th
e 

la
ti-

tu
de

 to
 g

et
 m

ax
im

um
 n

or
m

al
 s

ol
ar

 ra
di

at
io

n
23

.5
◦
 fo

r D
ha

ka
Si

ng
h 

an
d 

Ti
w

ar
i (

20
04

)

G
la

ss
 c

ov
er

 th
ic

kn
es

s
Lo

w
er

in
g 

gl
as

s 
co

ve
r t

hi
ck

ne
ss

 in
cr

ea
se

s 
th

e 
te

m
pe

ra
tu

re
 d

iff
er

en
ce

 b
et

w
ee

n 
w

at
er

 a
nd

 
in

ne
r g

la
ss

 c
ov

er

3-
 to

 4
-m

m
 g

la
ss

 c
ov

er
 th

ic
kn

es
s

G
ho

ne
ye

m
 a

nd
 Il

er
i (

19
97

)

G
ap

 d
is

ta
nc

e 
be

tw
ee

n 
w

at
er

 a
nd

 g
la

ss
 c

ov
er

D
ec

re
as

in
g 

th
e 

ga
p 

di
st

an
ce

 b
et

w
ee

n 
th

e 
gl

as
s 

co
ve

r a
nd

 w
at

er
 s

ur
fa

ce
 c

an
 im

pr
ov

e 
yi

el
d 

up
 

to
 1

1%

8-
cm

 g
ap

 d
is

ta
nc

e 
ca

n 
be

 u
se

d
G

ho
ne

ye
m

 a
nd

 Il
er

i (
19

97
)

St
ep

pe
d 

so
la

r s
til

l
To

 lo
w

er
 g

ap
 d

is
ta

nc
e 

be
tw

ee
n 

gl
as

s 
co

ve
r a

nd
 

w
at

er
 s

ur
fa

ce
 s

te
pp

ed
 s

ol
ar

 s
til

l c
an

 b
e 

us
ed

W
at

er
 d

ep
th

 o
f 4

–5
 m

m
 a

nd
 1

00
–1

20
 m

m
 tr

ay
 

w
id

th
 is

 u
se

d
Ve

lm
ur

ug
an

 e
t a

l. 
(2

00
8)

En
er

gy
 a

bs
or

pt
io

n 
an

d 
st

or
in

g 
m

at
er

ia
ls

C
ha

rc
oa

l o
r fi

ns
 o

f a
lu

m
in

um
 c

ov
er

ed
 w

ith
 c

ot
-

to
n 

cl
ot

h.
 S

m
al

l (
20

–3
0m

m
) b

la
ck

 s
to

ne
s 

or
 

gr
av

el
s 

ca
n 

be
 u

se
d 

as
 e

ne
rg

y 
st

or
ag

e 
m

ed
iu

m

C
ha

rc
oa

l a
nd

 s
m

al
l b

la
ck

 s
to

ne
s 

ca
n 

be
 u

se
d

A
bd

al
la

h 
et

 a
l. 

(2
00

9)
, C

oo
pe

r (
19

72
)

In
su

la
tio

n 
th

ic
kn

es
s

In
su

la
tio

n 
th

ic
kn

es
s 

ha
s 

to
 b

e 
m

ax
im

um
 s

o 
th

at
 

no
 h

ea
t l

os
s 

ca
n 

oc
cu

r b
ut

 w
e 

ha
ve

 to
 c

on
si

de
r 

th
e 

co
st

 a
s 

w
el

l

0.
9-

 to
 0

.1
3-

m
 in

su
la

tio
n 

th
ic

kn
es

s
G

ar
g 

an
d 

M
an

n 
(1

97
6)

, A
l-K

ar
ag

ho
ul

i a
nd

 A
ln

as
er

 
(2

00
4)

, A
l-H

in
ai

 e
t a

l. 
(2

00
2)

Ex
te

rn
al

 a
nd

 in
te

rn
al

 re
fle

ct
or

Ex
te

rn
al

 a
nd

 in
te

rn
al

 re
fle

ct
or

s 
bo

th
 in

cr
ea

se
 

di
st

ill
at

e 
pr

od
uc

tiv
ity

In
te

rn
al

 re
fle

ct
or

s 
ca

n 
be

 a
dd

ed
 w

ith
 s

id
e 

w
al

ls
 

an
d 

ex
te

rn
al

 re
fle

ct
or

s 
at

 th
e 

ba
ck

 s
id

e 
of

 th
e 

st
ill

Ta
na

ka
 a

nd
 N

ak
at

ak
e 

(2
00

6)
, T

an
ak

a 
(2

00
9,

 2
01

1)

Su
n 

tr
ac

ki
ng

 s
ys

te
m

Su
n 

tr
ac

ki
ng

 c
an

 im
pr

ov
e 

th
e 

effi
ci

en
cy

 o
f t

he
 

st
ill

 b
ut

 b
ec

au
se

 o
f m

ov
ab

le
 p

ar
ts

 a
nd

 o
th

er
 

el
ec

tr
ic

al
 c

irc
ui

tr
y 

re
qu

ire
m

en
t i

t i
s 

no
t t

ha
t 

m
uc

h 
co

st
-e

ffe
ct

iv
e

Su
n 

tr
ac

ki
ng

 c
an

 b
e 

av
oi

de
d 

to
 m

ai
nt

ai
n 

th
e 

co
st

-e
ffe

ct
iv

en
es

s
Ka

lo
gi

ro
u 

(1
99

6)
, A

bd
al

la
h 

an
d 

Ba
dr

an
 (2

00
8)

W
ic

k 
m

at
er

ia
l

Bl
ac

k 
co

tt
on

 c
lo

th
 o

r c
ha

rc
oa

l p
ar

tic
le

 is
 th

e 
be

st
 

w
ic

k 
fo

r p
as

si
ve

 s
ol

ar
 s

til
l

Li
gh

t b
la

ck
 c

ot
to

n 
cl

ot
h 

ca
n 

be
 u

se
d

M
in

as
ia

n 
an

d 
A

l-K
ar

ag
ho

ul
i (

19
95

), 
M

ur
ug

av
el

 a
nd

 
Sr

ith
ar

 (2
01

1)

Co
nd

en
se

r
Co

nd
en

se
r a

lw
ay

s 
in

cr
ea

se
s 

th
e 

yi
el

d 
in

 s
ol

ar
 s

til
l

A
 p

as
si

ve
 c

on
de

ns
er

 s
ho

ul
d 

be
 a

dd
ed

Fa
th

 a
nd

 E
ls

he
rb

in
y 

(1
99

3)



Page 8 of 13Sarkar et al. Renewables  (2017) 4:1 

Ta
bl

e 
3 

O
pe

ra
ti

on
al

 p
ar

am
et

er
s 

of
 a

 p
as

si
ve

 s
ol

ar
 s

ti
ll

Pa
ra

m
et

er
s

Si
gn

ifi
ca

nc
e 

in
 o

ut
pu

t
O

pt
im

um
 v

al
ue

Re
f.

W
at

er
 d

ep
th

Th
e 

lo
w

er
 th

e 
w

at
er

 d
ep

th
, t

he
 h

ig
he

r t
he

 y
ie

ld
A

s 
lo

w
er

 a
s 

po
ss

ib
le

G
ar

g 
an

d 
M

an
n 

(1
97

6)
, P

ha
da

ta
re

 a
nd

 V
er

m
a 

(2
00

7)
, 

Ti
w

ar
i a

nd
 T

iw
ar

i (
20

07
)

0.
04

 m
 o

r l
ow

er

Co
lo

rin
g 

of
 w

at
er

If 
co

nv
ec

tio
n 

be
tw

ee
n 

th
e 

ba
si

n 
an

d 
su

rr
ou

nd
in

gs
 is

 
re

du
ce

d,
 th

en
 u

til
iz

at
io

n 
of

 d
ye

 h
as

 n
eg

lig
ib

le
 e

ffe
ct

 
on

 p
ro

du
ct

iv
ity

N
o 

dy
e 

is
 u

se
d

Ra
jv

an
sh

i (
19

81
), 

A
bu

-H
ijl

eh
 (2

00
3)

W
at

er
 m

as
s 

flo
w

 ra
te

Pr
od

uc
tiv

ity
 is

 in
ve

rs
el

y 
pr

op
or

tio
na

l t
o 

th
e 

w
at

er
 

m
as

s 
flo

w
 ra

te
Lo

w
er

 m
as

s 
flo

w
 ra

te
 o

f w
at

er
 is

 re
co

m
m

en
de

d
M

ah
di

 e
t a

l. 
(2

01
1)

Sa
lt 

co
nc

en
tr

at
io

n
W

ith
 in

cr
ea

se
d 

sa
lin

ity
, p

ro
du

ct
iv

ity
 w

ill
 b

e 
de

cr
ea

se
d

Sa
lt 

co
nc

en
tr

at
io

n 
ca

n 
be

 k
ep

t m
in

im
um

 b
y 

re
m

ov
-

in
g 

th
e 

br
in

e 
af

te
r e

ve
ry

da
y 

pr
od

uc
tio

n 
at

 n
ig

ht
Ka

lb
as

i a
nd

 E
sf

ah
an

i (
20

10
), 

A
ka

sh
 e

t a
l. 

(2
00

0)

Ph
as

e 
ch

an
ge

 m
at

er
ia

l (
PC

M
)

Pr
od

uc
tiv

ity
 c

an
 b

e 
in

cr
ea

se
d 

up
 to

 8
5.

3%
 w

ith
 th

e 
us

e 
of

 P
C

M
PC

M
s 

sh
ou

ld
 n

ot
 b

e 
us

ed
 a

s 
th

er
e 

is
 n

o 
st

an
da

rd
 P

C
M

 
an

d 
th

e 
te

ch
no

lo
gy

 is
 v

er
y 

ne
w

 w
hi

ch
 s

ho
ul

d 
be

 
re

se
ar

ch
ed

 p
ro

pe
rly

 fi
rs

t

Ke
ni

sa
rin

 a
nd

 M
ah

ka
m

ov
 (2

00
7)

, E
l-S

eb
ai

i e
t a

l. 
(2

00
9)

Su
rf

ac
ta

nt
 a

dd
iti

ve
s

A
dd

in
g 

su
rf

ac
ta

nt
 h

as
 a

 v
er

y 
le

ss
 e

ffe
ct

 a
nd

 c
an

 b
e 

av
oi

de
d

N
o 

su
rf

ac
ta

nt
s 

is
 u

se
d

M
ill

er
 a

nd
 W

es
tr

a 
(1

99
8)

, N
af

ey
 e

t a
l. 

(2
00

8)



Page 9 of 13Sarkar et al. Renewables  (2017) 4:1 

dual-axis trackers the basin is always perpendicular to 
incident sun rays. Kalogirou (1996) has shown a design 
of a single-axis sun tracking system. Abdallah and Badran 
(2008) researched about a sun tracking system for pro-
ductivity enhancement of solar still, and they found the 
increase in overall efficiency of 2% of the still, which 
increases the productivity up to 22%. Therefore, in the 
proposed still sun tracking system can be added. How-
ever, to maintain the simplicity of the design only the sin-
gle-axis one-step azimuth tracker can be used.

Wick material
Water surface area is an important parameter of still 
productivity. By using wick material, we can increase 

the exposed surface area of water. Minasian and Al-
Karaghouli (1995) combined both wick-type and basin-
type still to improve performance of the still. They found 
that overall efficiency has been increased 85% more 
than basin-type still and 43% more than wick-type still. 
Hansen et  al. (2015) have done the performance analy-
sis on inclined solar still with different new wick mate-
rials and wire meshes. They compared the performances 
of different wick materials like wood pulp, paperwick, 
wickingwater coral fleece fabric and polystyrene sponge. 
They achieved maximum distillate of 4.28 l/day using 
water coral fleece with weir mesh-stepped absorber plate. 
Murugavel and Srithar (2011) used different wick materi-
als like black cotton cloth, jute cloth, sponge sheet, coir 

Glass Cover

Internal Reflector

Water
Inlet

Water 
Outlet

Basin Tray

External Reflector

a b

Fig. 6 a Three-dimensional design and b design with dimension values of the proposed solar still

Table 4 Climatic parameters of a solar still

Parameters Significance in output Optimum value Ref.

Solar radiation The higher the input solar radiation, the 
higher the output of the still

The still should be placed on an open 
space with ample sunlight availability

Singh et al. (1996), Garg and Mann (1976)

Wind speed In summer, only wind speed has a posi-
tive effect on the still’s productivity

We can place our still at a place where it 
will receive high wind at summer and 
low wind at winter

El-Sebaii (2000), Soliman (1972)

Ambient temperature Ambient temperature of 10 ◦
C will 

increase the yield up to 8.2%
We should place the still in a place 

where there is no shadow and has a 
high ambient temperature

Al-Hinai et al. (2002)

Dust and cloud cover Dust and cloud cover always reduce the 
yield of the still

Dust can be cleaned time to time Hegazy (2001), Velmurugan et al. (2008)
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mate, etc. and found light black cotton cloth as the most 
efficient one. Therefore, light black cotton cloth can be 
used as wick material for the proposed still.

Condenser
Condensation rate is a very important factor affecting the 
distillate productivity. Fath and Elsherbiny (1993) stud-
ied the effect of adding a passive condenser on the per-
formance of basin-type still, and they found that 70% of 
the yield is increased when a condenser is used. Bhard-
waj et al. (2016) have showed the effect of adding a plastic 
channels as passive condenser on an inflatable solar still. 
They found the production of water achieved from the 
still at a water temperature of 73 °C to be 0.75 l/h which 
is much higher than a conventional still. So a passive con-
denser can be added in the design of the proposed still.

Table 2 summarizes all these design parameters.

Operational parameters
These parameters have to be controlled at the time of 
operation. A proper user manual should be accompanied 
with the solar still, which will indicate the optimum oper-
ational parameters. Below these parameters are discussed 
in brief.

Water depth
The depth of water level has significant influence on the 
distillate productivity. Garg and Mann (1976) experi-
mented that output of a still decreases with increase in 
depth of water level in the still. Phadatare and Verma 
(2007) also got the similar result when they experimented 
with plastic solar stills with different water depths. Tiwari 
and Tiwari (2007) found that lower water depth such as 
0.02–0.04 m has higher annual efficiency up to 44% com-
pared to higher water depth such as 0.18 m. So the pro-
posed still would have minimal water depth. The value 
can be at maximum 0.04 m.

Coloring of water
Most of the heat from solar radiation is not absorbed by 
the clear water, rather it is absorbed by the basin’s bottom 
surface. So mixing dye with water will make the water to 
absorb most of the heat from solar radiation. Rajvanshi 
(1981) has done an analytical and experimental study of 
the effect of adding dyes to a solar distillation unit and 
found that addition of water soluble dyes increases the 
productivity by as much as 29% and among the dyes 
tested black naphthylamine dye was the most suitable 
one. Abu-Hijleh (2003) discovered that if convection 
between the basin and surroundings is reduced distil-
late output can be improved from 42 to 54%, and then, 
utilization of dye will have negligible effect on the distil-
late productivity. Thus, the use of dye that might have 

hazardous health effects can be avoided without sacrific-
ing the efficiency.

Water mass flow rate
Water flow rates inside the basin has significant effect on 
the distillate productivity. Mahdi et al. (2011) have done 
experimental tests to determine the correlation between 
productivity and water flow rates, and they found the 
productivity to be inversely proportional to the water 
mass flow rates in a tilted-wick-type still. So a lower mass 
flow rate of water should be maintained in the proposed 
still.

Salt concentration
The salinity of the water can have significant effect on 
still production. Kalbasi and Esfahani (2010) experi-
mented the effect of salt concentration by varying the salt 
concentration of water. Increasing the salinity from 0.5 
to 3.5% leads to 20% reduction in the yield. Akash et al. 
(2000) also researched the effect of salt concentration 
on the distillate productivity, and they also found similar 
type of result, which indicates that with increasing salin-
ity productivity will be decreased. So the salinity level of 
water should be kept as low as possible. Although it is not 
possible to control the salinity of sea water, proper main-
tenance of the still like cleaning the still each week regu-
larly can lower the salinity to a significant value.

Phase change material (PCM)
Phase change materials (PCM) have high heat of fusion 
and can release large amounts of energy while melting 
or solidifying (Kenisarin and Mahkamov 2007). El-Sebaii 
et al. (2009) have shown in their research that daily pro-
ductivity can be increased up to 85.3% with the use of 
PCM. Asbik et al. (2016) have done the exergy analysis of 
solar still combined with PCM. Kenisarin and Mahkamov 
(2007) studied the process of storing solar energy using 
PCMs. Among organic PCMs there are fatty acids like 
carpic acid (655 mol%) + lauric acid (35 mol%) (Dimaano 
and Watanabe 2002), lauric acid (62.6 wt%) + myristic 
acid (37.4 wt%) (Kauranen et al. 1991), and myristic acid 
(64.0 wt%) + stearic acid (36.0 wt%) (Sarı 2005). Among 
inorganic PCMs salt hydrates, manganese nitrate hexahy-
drate (Nagano et al. 2003), and magnesium nitrate hexa-
hydrate (Nagano et al. 2004) are usually used. However, 
as there is no standard PCM and the technology is very 
new, PCMs should not be used in the proposed still.

Surfactant additives
Surfactants are specialized type of additives used to 
change the surface properties of water by reducing sur-
face tension and skin friction and by enhancing boil-
ing heat transfer (Miller and Westra 1998). Examples of 
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surfactants can be sodium lauryl sulfate (SLS) (Nafey 
et  al. 2008), sodium dodecylbenzene sulfonate (Zhang 
et al. 2003), and poly(oxyethylene tridecyl ether) or PTE 
(Park et al. 2010), etc. Nafey et al. (2008) have done the 
enhancement of solar distillation process by surfactant 
additives. They have found that the yield increases by 
0.7, 2.5, 4.7, and 7% at additive concentrations of 50, 100, 
200, and 300 ppm, respectively, but addition of more sur-
factant, i.e., 400 ppm, will reduce the yield by 6%. There-
fore, it is evident that adding surfactant has a very less 
effect, which can be avoided.

Addition of nanoparticles
Performance of the passive solar still is improved by adding 
nanoparticles in varying water depth (Gupta et al. 2016). 
It was found in the study that compared to conventional 
passive solar still the performance has improved. Sharshir 
et al. (2016) also added graphite nanoparticles and found 
an improvement of 50.28% in still productivity.

Preheating of water
Mishra et  al. (2016) have done the mathematical mod-
eling and evaluation of solar still for utilization of hot 
wastewater. From their study, it was evident that uti-
lization of waste heat from thermal power system or 
chiller units to preheat the water of the still significantly 
improves the productivity. Yari et  al. (2016) have inte-
grated semitransparent photovoltaic and evacuated 
tube collector in natural mode to heat the water and get 
electrical power from the photovoltaic panels. Theoreti-
cal and experimental investigation of a glass basin solar 
still with integrated preheated water supply was done 
by Rajaseenivasan et  al. (2016). Their study reveals that 
increase in water depth in preheater section reduces the 
day time productivity but considerably enhances the noc-
turnal productivity of the glass basin solar still.

Table 3 summarizes all these operational parameters.

Climatic parameters
These parameters cannot be controlled and solely depend 
on the climate condition. At least what can be done is a 
proper place can be chosen, and proper maintenance 
mechanisms can be added to achieve the maximum per-
formance. These parameters are discussed below:

Solar radiation
Solar radiation is the most vital parameter of solar dis-
tillation unit as it is the energy source of the still. A lot 
of researches have shown that solar still productivity is 
directly proportional to incident solar radiation (Singh 
et  al. 1996; Garg and Mann 1976). The solar radiation 
cannot be controlled, but it can be placed at a proper 
place where it will get ample sunshine during whole year.

Wind speed
The difference of temperature between glass inner surface 
and water has a significant impact on distillate productiv-
ity. Wind flow can increase that temperature difference, 
which can eventually increase the yield. According to El-
Sebaii (2000), daily productivity increases with increase in 
wind flow up to a certain wind speed but has no signifi-
cant affect after that speed and the effect of wind is more 
at summer and at higher water masses. For his experi-
mented stills, that optimum speed was found to be 10 and 
8 m/s on typical summer and winter days, respectively. 
Soliman (1972) has also researched on the effect of wind 
on solar distillation. He found that at lower ambient tem-
perature increasing wind speed increases the temperature 
difference between water and glass cover of the still. This 
will eventually increase radiation, conduction and con-
vection losses at higher rate than the increase in rate of 
evaporation. The scenario is opposite at higher tempera-
ture. Therefore, the still can be placed at a place where it 
will receive high wind at summer and low wind at winter.

Ambient temperature
Ambient temperature has direct impact on still’s produc-
tivity. The higher the temperature, the higher the yield. 
Al-Hinai et al. (2002) have shown that increasing ambient 
temperature of 10  °C will increase the yield up to 8.2%. 
Thus, the still should be placed where there is no shadow 
and has a high ambient temperature.

Dust and Cloud Cover
Accumulation of dust on the glass cover of the still 
decreases the transmittance of the glass cover signifi-
cantly, which will eventually decrease the distillate pro-
ductivity. Cloud cover reduces the direct component of 
the solar radiation to a significant amount and lowers 
the yield. Hegazy (2001) experimented the effect of dust 
accumulation on solar transmittance through glass cov-
ers of plate-type collectors. He found that with increasing 
dust accumulation on the cover transmittance drops to a 
significant level. On the other hand, Zamfir et al. (1994) 
experimented the effect of cloud cover on long-term 
performance of flat plate solar collectors and found that 
during monthly general average days the performance is 
worse than in the mean cloudy days. However, the still 
should be cleaned once a week regularly to reduce the 
effect of dust accumulation.

Table 4 summarizes all these climatic parameters.

Design of a passive solar still for Bangladesh
It is evident from the above study that an inclined 
stepped solar still with passive condenser, internal and 
external reflectors, and black cotton wick and with opti-
mum design values discussed above can be the desired 
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still, which would give maximum yield. Initially, saline 
water is stored in a transparent storage tank made of glass 
or transparent plastic. This will preheat the water supply 
and will also provide domestic hot water. Then, water 
flow is connected with the still through a valve. Stepped 
layers of the still will decrease the water to glass cover 
distance. The inclination of the still will be 23.7◦ facing 
the south. The depth of the steps could be 10 mm, and 
water level could be of 5 mm. Tables 2, 3 and 4 show the 
optimum values of parameters for an inclined stepped 
solar still. According to these values, a design of the pro-
posed still is given in Fig. 6. This proposed still would be 
very easily makable and should be highly portable to be 
used at disaster situations and also at regular operations.

Conclusion
Because of the sea-level rise, the salinity boundary is 
increasing gradually at the southern part of Bangladesh. 
As Bangladesh is a low-lying disaster-prone country 
scarcity of pure drinkable water is very common. Bang-
ladesh receives significant amount of solar energy to 
produce good amount of distillate from passive solar 
stills. In this paper, all the parameters that effect the dis-
tillate productivity of a passive solar still are analyzed 
and optimum parameters are chosen for a cheap and 
efficient design for southern part of Bangladesh. First, 
for design parameters number of slopes are chosen as 
one, number of basins should also be one. Glass cover 
inclination should be equal to the angle of latitude. The 
gap distance between water and glass cover should be 
minimum. To lower this gap, a stepped solar still can 
be used. Charcoal and rocks can be used as an energy 
absorption and storing material. Insulation thickness 
should be higher. Internal and external reflector can be 
added to improve the distillate productivity. Although 
sun tracking system will increase the efficiency but it is 
costly and needs a lot of maintenance, and therefore, it 
is not added in the proposed still. Clothes can be used 
as a wick material. Passive condenser is used in the 
design to improve the condensation performance. The 
optimal operational parameter values are also taken 
into account such as the water depth is kept minimum 
below 5 mm. The water is colored with charcoal parti-
cle. The water mass flow rate is kept minimum. Lower 
salt concentration is recommended for higher distillate 
yield. PCMs are not recommended because of their lack 
of research output. Preheating of water is suggested 
by using a transparent storage tank. Although climatic 
parameters are not controllable, it is recommended to 
keep the still in an open windy space with low dust.
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