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INTRODUCTION

Abstract. This paper is aimed at designing, constructing and performance
evaluation of a solar still. The solar still is design and constructed with
locally source materials for rural dwellers. The still absorber plate is
constructed with 2 mm galvanised plate painted black with an area of
2 m? to absorb solar radiation effectively. The side wall and the base is
constructed with concrete. Sawdust and felt is used between the retaining
wall and base to resist heat transfer from the system to the surrounding
vice-versa. The top cover of the still is constructed with transparent glass
pane of 4mm housed in an aluminium frame. The catch basin that
collects the condensate is constructed with PVC pipe channel of 50 mm.
The performance of the still was evaluated with; Overall yield (sum of
daily yield and over-night yield) at a different water depth of (20, 40,
60 mm), (5127 ml/m2/hr, 4558 mi/m?hr, and 3852 ml/m*/hr). The
efficiency of the system at different water depth (20, 40, 60 mm) 51.27 %,
45.58 %, and 38.52 %. The water analysis before and after distillation was
certified safe and portable for human consumption.

Keywords: solar still; construction; performance evaluation; design;
efficiency.

ward, cost-effective, and environmentally

Water is essential for human survival with the
compliment of food and air. Most of the water in
the world is contaminated and not safe for hu-
man consumption there for; there is a need for
water purification [8]. The Earth has an insuffi-
cient source of fresh water that is in the liquid
state, and most are polluted by harmful bacteria
and toxic chemicals [10]. Unfortunately, typical
purification systems are easily damaged or com-
promised by natural disasters or another form of
destruction [2]. All this attributed to the problem
to make such diseases and toxic chemicals to be
prevalent in the brackish water [11]. A solution
to these problems is inevitable and need not to
overemphasis. The answer is a technology that is
not only capable of removing a vast variety of
contaminants in just one step but is straightfor-
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friendly, that is the use of solar energy [1].

Various types of conventional solar still; Green-
house solar still generally emulates the natural
hydrologic cycle to produce the distilled water [9,
7]. Horizontal concentric tube solar still uses the
air as the working medium [4]. Cylindrical para-
bolic type solar still used a parabolic reflector [3].

This paper aims to design, construct and per-
formance evaluation of a solar still for rural
dwellers to improve the productivity of the dis-
tilled water.

A solar distillation device contains three primary
mechanisms: a basin which contained the con-
taminated water; a glass pane that traps the con-
densed water, and a catch basin which collect the
distilled water [6].
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The solar still design is made of a wooden box as
the outside cover with a dimension of 2200 mm
by 1200 mm at the bottom. The side wall is
slanted at an angle of 10.4° with a height of 380
mm at the rear and height of 200 mm at the front
of the solar still. The inside of the solar still is
made of Galvanised iron sheet shaped to the
wooden box with the dimension of 2000 mm by

1000 mm at the base and height of 380 at the
rear and 200 mm at the front and painted black
to facilitate heat from the solar radiation. The top
is covered with a transparent glass, slant to the
inclined angle. Saline or brackish water is poured
into the still to fill to a predetermined level and
then exposed to the solar radiation (Figure 1).

Sun

Transparent glass \_/

380mm

Water level

Collection trough

2000mm

Figure 1 - A typical solar still

The glass cover permits solar radiation to get
into the still, which is absorbed predominantly by
the black base. Consequently, the water gets
heated up and hence there is an increase of hot
moist air that occurred between the water sur-
face and the glass bottom level. The bottom also
radiates energy in the infrared region which is
mainly absorbed by water in the basin. Thus, the
glass cover traps the solar energy inside the still.
It also reduces the convective heat losses. The
glass cover is usually sloped to enable the water
vapour which condenses on the interior surface
to trickle into a collecting trough/ catch basin.

The solar still pilot plant consists of asymmetrical
solar stills arrange in two rows, and each of the
rows is made of six solar still, which comprises of
a total of twelve solar still. The dimension of
2 m?, with an inclination of 10.4° (base on the
latitude of Bauchi), the orientation of north to
south and the same for the entire twelve solar
still.

The still consist of three essential components:
(a) Basin made of galvanised iron and painted
black, in which the contaminated water is con-
fined;
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(b) A transparent glass pane 4 mm thickness
which covers the still and vapour condenses
from the feed water;

(c) A catch basin, which collected the distilled
water into the storage tank (500 L).

Each of the still has an inlet where brackish or
contaminated water is feed into the still from the
stream via overhead tank (2000 L), and drain
where deposited wastewater from the still is
flush after prolonged use. And a storage tank
(2000 L) were distilled water is pumped from the
500 L tank.

Design and Construction of Different Components of
the Solar Still

Design Assumptions. 1. Inclination angle - 10.4°.
2. Orientation - north to south. 3. Ambient and
Operating Conditions - same for the entire
twelve still. 4. Glass temperature - uniform
within the whole glass. 5. No leakage in the still
basin.

Design and Construction of Still Basin (Absorber
Plate). The component where the contaminated
water is placed and absorb solar radiation. The
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material most have high absorptivity or very less
reflectivity and very less transitivity. These are
the criteria’s for selecting the basin materials.
Some of the materials that can be used are as fol-
lows: 1. Leather sheet, 2. Ge silicon, 3. Mild steel
plate, 4. RPF (reinforced plastic) 5. G.1. (galva-
nised iron).

2000mm

Yy
Y

1000mm

- 380mm
200mm ¢

The still basin: galvanised iron sheet (2 mm) was
found to be the best material for the design. The
galvanised iron sheet is used in the construction
and is painted black to effectively absorb solar
radiation and convert it to heat and transfer the
heat to the water (Figure 2)..

P

Figure 2 - Still basin: Design and pictorial views of the still basin

Design and Construction of Side Wall (Retaining
Wall). The side wall provides support to the solar
still and also, prevents heat transfer from the still
to the surrounding. The materials that are most
suitable for a retaining wall are; wood, Concrete,
Thermocol, and RPF (reinforced plastic).

2000mm

1000mm

380mm

200m m—f

2200mm

Y
Y

The concrete wall was used in the construction to
serve as a retaining wall and to provide rigidity
and durability for prolonged use to the still and
better insulation; sawdust and felt were used be-
tween the retaining wall and base to resist heat
transfer from system to surrounding vice-versa
(Figure 3).

Figure 3 - Design of Retaining wall and pictorial views of the side wall
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Design and Construction of Glass pane (Top Cover)
consideration. The top cover is the transparent
glass pane that allows the transmission of solar
radiation into the solar still. Also, it is the surface
where the condensate is formed. The characteris-
tics of a good top cover are (1) Transparent to
solar radiation, (2) Non-absorbent and Non-
adsorbent of water, (3) Clean and smooth surface

1100mm

2100mm

a) Design of glass frame

(4) Transmissivity (5) Durability. Glass and Poly-
thene are the suitable materials used.

Glass (4 mm) thick was used as a top cover and
aluminium frame border to hold the glass pane
firmly onto the still to avoid heat transfer and
heat loss (Figure 4).

1050mm

A

AR

2050mm

b) Transparent glass

c) Pictorial view of the top cover

Figure 4 - Design of glass frame, transparent glass and pictorial view of the top cover

Design of Catch Basin/Channel consideration. The
channel or catch basin this is where the conden-
sate is collected from the inclined transparent
glass top cover. The materials that can be used

A
\ 4

110mm

are P.V.C, G.1, and RPF. P.V.C pipe channel
(size: 50 mm) was used for the design (Figure 5).

Figure 5 — Channel/Catch basin and pictorial view of the catch basin

Section “Technics”
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Figure 6 - Pictorial view of the constructed solar still

RESULTS AND DISCUSSION

The experiment was conducted from
14/02/2018 to 16/04/2018. Readings were
taken from 8.00 am to 6.00 pm daily at an inter-
val of an hour. The water depth was set at 20, 40
and 60 mm for the still and the inclination angle
of 10.4° and orientation north to south. The fol-
lowing readings were taken; Solar radiation,
Relative Humidity, Wind velocity, Ambient tem-
perature, Glass temperature, Air-gap tempera-
ture, Water (inside the still) temperature and Ab-
sorber plate temperature. Readings were taken

using the following equipment; solar-meter, Hy-
grometer, Digital wind vane, Ambient tempera-
ture, an Intelligent digital multimeter with a
thermocouple (Table 1-3).

Tables 1-3 above depict ambient and still condi-
tions at 20, 40 and 60 mm water depth respec-
tively. Ambient conditions are as follows; relative
humidity, wind speed, and ambient temperature.

Still conditions include the following; glass, air-
gap, water and absorber plate temperatures re-
spectively.

Table 1 - Ambient and still conditions at Water Depth of 20 mm

Time hr | Humidity, Solar Wind Ambient | Airgap | Absorber Glass Water
% radiation, | velocity, | temp., °C |temp. °C| temp.,°C |temp.,°C|temp., °C
w/m? m/s
8.00 am 39 894 2.80 32 40 40 36 38
9.00 am 29 1013 2.09 34 45 45 42 43
10.00 am 26 1020 2.34 36 52 52 45 54
11.00 am 29 1071 2.87 36 51 51 49 53
12.00 am 28 1076 1.42 37 57 57 53 60
1.00 pm 28 1082 1.27 38 60 59 57 62
2.00 pm 24 980 2.60 39 63 63 60 66
3.00 pm 27 922 2.02 39 62 62 59 64
4.00 pm 30 862 4.16 38 56 56 52 58
5.00 pm 31 150 0.22 35 50 50 48 52
6.00 pm 34 53 1.20 32 46 46 43 50
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Table 2 - Ambient and still conditions at Water Depth of 40 mm
. Humidity, S.ola.r Wm.d Ambient | Airgap | Absorber Glass Water
Time hr % radiation, velocity, temp.,, °C | temp., °C | temp.,°C | temp.,° C | temp., °C
w/m? m/s Y " " Y Y
8.00 am 53 149 1.74 30 34 34 32 35
9.00 am 46 653 1.67 34 41 42 38 42
10.00 am 39 810 1.55 35 45 45 43 45
11.00 am 29 963 3.25 36 52 52 49 54
12.00 am 26 1051 2.35 38 55 54 53 59
1.00 pm 29 1051 3.83 37 59 59 56 62
2.00 pm 27 1160 3.76 39 64 63 61 66
3.00 pm 28 1057 4.03 37 62 61 60 64
4.00 pm 28 543 3.04 36 58 58 54 61
5.00 pm 30 347 2.88 36 55 56 50 59
6.00 pm 31 47 3.78 35 50 50 46 53
Table 3 - Ambient and Still conditions at Water Depth of 60 mm
Time hr Hurr;/idity, racslg‘?i:)n, levol?i(tiy, Ambieglt Air gaop Absorkler Glass; Wate:
0 w/m? m/s temp., °C | temp.,°C| temp. °C |temp., °C|temp., °C
8.00 am 44 650 2.52 30 38 38 32 34
9.00 am 24 1080 3.05 31 40 40 34 36
10.00 am 19 1464 4.72 34 44 43 38 38
11.00 am 17 1482 3.60 36 48 48 44 50
12.00 am 13 1500 3.02 38 52 52 50 54
1.00 pm 11 1520 2.85 40 56 56 53 59
2.00 pm 16 1300 3.08 41 61 61 59 64
3.00 pm 25 1100 2.96 38 58 58 54 62
4.00 pm 29 845 3.43 37 56 56 53 58
5.00 pm 45 635 391 36 53 53 50 55
6.00 pm 51 124 2.81 34 50 50 47 53

The tables after observation show that solar ra-
diation increases with time from sunrise around
8 am to 2 pm and start decreasing from 3 pm to
sunset. Consequently, the yield and the perform-
ance of still increases with the increase of the so-
lar radiation. The relative humidity decreases
with time from 8 am to 2 pm and increases from
3 pm to 6 pm. However, the relative humidity re-
duces the performance and the yield of the solar
still. The ambient temperature is less than the
temperature of the still. The absorber plate re-
cord high temperature and subsequently, the
temperature in still decreases in descending or-
der; water, air-gap and glass temperatures re-
spectively.

The higher temperature of the absorber plate in-
dicates that it directly absorbs the solar radiation
as a form of heat energy. The heat energy is
transfer to the water. A change of state takes
place from liquid to vapour as the water evapo-
rates within the air-gap, as such the temperature
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of the air-gap is increased. As vapour makes con-
tact with glass cover, it condenses due to de-
crease in temperature difference. Condensations
take place because the temperature of the air-gap
is greater than the glass temperature and the
ambient is lower than the glass temperature.

The performance of a still can be evaluated by
determining the daily yield of a still and the
overnight yield, which sum is the overall or total
yield of the still. The total yield is the experimen-
tal yield and is compared with the theoretical
yield to the determined the efficiency of the still.

Table 4 below depict the average hourly distillate
yield. It's obvious that the yield of a still is af-
fected by the water depth. The lower the water
depth, the higher the yield, 20 mm water depth
yield distillate of (5127 ml/m?2/hr) and the
higher the water depth, the lower the yield,
60 mm water depth yield distillate of
(3852 ml/m?/hr).
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Table 4 - Average Overall Hourly Distillate Yield

Time| _S0Mr Yield Solar yie1d (ml/m2/hr),| SO%F  \yield (ml/m?/hr)
S/N (hr) radiation, | (ml/m2/hr), 20 | radiation, 40 mm depth ’| radiation, 60 mm depth ’

w/m2 mm depth w/m2 w/m2

1 8-9 894 15 149 8 650 4
2 9-10 1013 22 653 20 1080 17
3 |10-11 1020 88 810 70 1464 65
4 |11-12 1071 190 963 174 1482 143
5 [12-13 1076 362 1051 264 1500 198
6 [13-14 1082 430 1051 389 1520 297
7 |14-15 980 560 1160 473 1300 396
8 |15-16 922 612 1057 589 1100 476
9 |16-17 862 654 543 603 845 521
10 |17-18 150 680 347 620 635 512
11 |18-19 53 701 47 625 124 522
12 | 19-7 0 813 0 723 0 701

The efficiency of the still is also affected by water
depth, 20 mm water depth, the efficiency of
51.27%, 40 mm water depth efficiency of
45.58 % and 60 mm water depth efficiency of
38.52 %. The efficiency is used to evaluate the
performance of the still.

Table 5 below shows the water analysis before
and after distillation for both samples A and B.

The presence of bacteria in water analysis of the
source water from the stream before distillation
in both samples A and B and absent of bacterial
in water analysis of water samples A and B after
distillation ascertain the performance of the still.
The water is certified safe and portable for drink-
ing as all necessary parameters analysed are
within the acceptable limit.

Table 5 - Water quality analysis before and after distillation

Before distillation After distillation
Parameter
Sample A Sample B Sample A Sample B
PH 8.2 8.2 7.6 7.6
Turbidity NTU 22 25 1 1
Elect. conductivity 190 210 20 22
TDS (mg/L) 100 120 10 10
Total Hardness 42 43 10 10
Total alkalinity 135 128 1.61 1.60
Total Residual Chlorine 2.5 2.4 0.00 0.00
Total coli form (CFU/100 L) 100 104 0 0
Faecal coli form 150 143 0 0
E. coli 120 124 0 0

The efficiency of a still can be calculated by the
following equation [4]:

Experimental Yield 8
Theoretical Yield

Efficiency = 100. (1)

5127
10000

x 100% = 51.27 % (20 mm depth)
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4558
10000

3852
10000

x 100% = 45.58 % (40 mm depth)

n= x 100% = 38.52 % (60 mm depth)

CONCLUSION

Design considerations were used in the selection
of suitable material for the construction of the
solar still. The plant consists of twelve still ar-
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range in two rows of six, with an area of 2 m2 for
each still attached. The over-head storage tank of
2000 litres capacity for supplying brackish water
(contaminated water from the stream), to the
still through an input device located at the rear
side of each still. And 500 litre of a storage tank
for collecting distilled water via the catch basin
channel and with an output device for flushing
out dirty water out of the still after prolong used
located at the front side of each still. Ambient and
operating conditions of the plant are assumed
the same for the twelve still. Overall yield (sum of
daily yield and over-night yield), the efficiency of
the system at a different depth (20, 40, 60 mm)
51.27 %, 45.58 % and 38.52 % and water analy-
sis before and after distillation, were all used to
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