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In this study we have designed and fabricated a household solar water
desalination unit for the arid regions of rural areas of Sindh like Tharparkar
district. Drought conditions, shortage of drinking water and relying on saline
water in arid regions of Sindh is a serious problem. In areas under these tracts, it
is difficult to obtain drinkable water. This study focuses on the development of
a cost effective and affordable desalination unit having simple construction, easy
to use, repair, maintain and can be operated by an unskilled man. The solar
desalination unit comprises of a solar oven, condenser, and collector pot. In this
research various water samples were collected from three arid regions of
Tharparkar district i.e., Islamkot, Diplo and Mithi. The performance of solar
water desalination unit was assessed by analysing the Total Dissolve Solids
(TDS), pH and Electrical Conductivity (EC) of all samples. The sample
collected, before treatment had maximum TDS, conductivity, and pH values as
10421 mg/L, 20842 uS/cm and 8 respectively. Those sample after treatment
reduced to TDS of 230 mg/L, conductivity of 460 uS/cm and pH of 7.4. This
portable solar desalination unit showed remarkable results and found as effective
in the removal of TDS from all water samples. The efficiency of unit was
calculated as 35.2% with maximum daily output of 5 litres. This unit was
constructed at very low cost of PAKPKR 4500/- and its complete rely on solar
energy which makes it quite affordable for those which cannot afford expensive
treatment techniques. This unit has very minimal maintenance cost and does not
require electricity. The values for pH, TDS, and EC achieved from this unit are
satisfying the World Health Organization (WHO) guidelines for drinking water
quality.

1. Introduction

Huge population of our planet suffering from the
shortage of water, 40% population of arid and semi-arid
countries have periodic droughts [1]. In arid countries

population facing the sever water scarcity. Pakistan is
facing water shortages and drought conditions in most
areas increases day by day [2]. In Pakistan data on
groundwater show increase in salinity from north to

some of the highest growth rate are found, a lot of the south.  Sindh region has been suffering from water
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scarcity since long time. In Pakistan among the
provinces the unequal distribution of water has always
been cause of conflict. From the water scarcity point of
view Sindh has the largest desert of the world
(Tharparkar) [3]. Tharparkar desert is a place where the
water shortage is naturally occurring. The significance
of water in the lives and identities of people of
Tharparkar is strongly associated with their cultural and
regional practices and environment [4]. In Tharparkar
the cultural and religious practices are directly reflect the
importance of local ecosystem [5]. Instead of
importance of water the cultural and religious life get
more affected in the Tharparkar desert which is largely
unexplored problem in the Tharparkar people. Culture
and human society have strong relationship with water,
it is important to find out the best way to deal with the
situation and water scarcity effect on the social lives of
people [6]. Health issues present in the Tharparkar
includes early deliveries, diarrhoea, and weight loss
during birth and pneumonia. The people have travel
long to avail the facilities because of mobility issues is
one of the major challenges faced by the communities
[7]. In different societies lifestyle components relation
with the water insecurity was conducted by the many
researchers [8-9]. Large part of the Punjab and most of
the Sindh of Pakistan have the brackish to saline ground
water. Indus basin is rift valley which is converted into
a flat plain. In most part of the Indus plain has led to
brackish groundwater frequent instruction by alleviation
and sea [10]. From North to south the data showed a
gradual increase in salinity in ground water of Pakistan.
Sindh province has large areas which is affected by the
salinity 85% mainly the rural areas than the Khyber-
Pakhtunkhwa province which is 0.1% [11]. Baluchistan
province suffering from the shortage of water but free
from the salinity. Now a day’s various difficult
problems are faced by arid lands than ever before.
Mostly the arid areas facing the falling water table and
increasing issue of the salinity [12].

Until and unless arid region has great intensity of
solar radiations. The intensity of solar radiation can
generate the concept of the solar water treatment
techniques and can be adopted in the arid regions with
fresh water [13-14]. In Pakistan on horizontal surface
the mean solar insolation falling is about 200-250 watt
per sq. meters with 1500-3000 sunshine hours in a year
[15]. Solar water desalination has high installation cost
and required large area to install and have low operating
and maintenance cost. Most of the plant are installed
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which has the different methods, materials, and
variations in the geometry as well as operation and
construction method [16-17]. Advance technologies
such as Solar-assisted desalination which treat the water
from medium to large scale. It has wide application from
the past few years and increase in the future as per
demands [18]. Solar desalination technologies require a
low capital cost, easy to operate and easy to manage and
can be operate by the unskilled and local people and easy
to maintain also construct locally such as in Pakistan
[19].

In Islamkot, Mithi and Diplo cities of Tharparkar
district EC values ranges from 2000-5000 pS/cm
particularly in the aquifer [20]. According to Sindh
Water Commission 778 Reverse Osmosis (RO) plants
has been installed by Sindh Government to provide
drinkable water for the citizen of Tharparkar and other
cities of Sindh. Out of 778 RO Plants 156 are non-
functional, 412 RO plants are functional, 92 under
construction. Sindh Government got notification for the
issues related to the RO plants installed in the
Tharparkar and other cities which were facing the
scarcity of water. They have installed the RO plants and
considered the cost of operation and maintenance.
According to commission report RO plants in
Tharparkar, Umerkot, Thatta district found many
challenges. Commission highlighted that RO plants did
not treat the water which were fit for the drinking
purpose and there is no facility of laboratory of water
testing through which the water quality analysis has
been conducted to assess the quality of water [21].

Fig. 1. Solar Water Desalination Equipment

The rural community of arid regions faces so many
problems related to the saline water. To overcome those
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problem, we have designed a portable, cost effective and
solar water desalination unit. The aim of this study was
to design and assess the performance of portable low-
cost solar water desalination unit. And to evaluate its
efficiency for the removal of TDS, pH and EC from the
water samples taken from various regions of Tharparkar
district containing high ranges of these contaminants.

2. Materials and Methodology

2.1 Designing of Solar Water Desalination Unit

The fabricated portable solar water desalination unit
(PSWD) comprises of four main parts include solar
oven, condenser, lower basin pot, and stand as shown in

Table 1

Description of portable solar water desalination parts

Fig. 1. The constructed PSWD is a simple solar oven that
converts 5 litres of salt water into fresh water every day.
It is made of clay and locally available materials and
needs no electricity or filtration devices to work.

The top of the equipment has black boiler with a
water-tight cap. The saline water is filled through water
inlet and the cap is sealed so that no steam can escape.
Both the temperature and pressure increase within the
boiler throughout the day and the condenser is connected
through which steam is condense and steam converted
into the liquid is collected into the clay pot. The Table 1
shows description of all the parts of the PSWD.

S. No. Parts Pictorial View Description
This is main component which is situated on the top with the help of
Stand having inner stainless-steel part with black color and the glass
1. Black Solar Oven g P g

2. Supporting Pot

3. Clay Stand

4. Copper Condenser
5. Lower Basin Cap
6. Lower Basin Pot

b

N

W
E
€

cap. Intel of copper pipe with rubber cork and have the channel of steel
surrounding of the wall of the stainless-steel pot.

It is made up of clay, which is used for supporting the solar oven, with
circular trapezoidal shape and having diameter of 13 inch.

It is a stand on which the solar water oven is placed at some height.
This is made of clay; the height of the stand is 11 inches. This is
circular drum in shape of diameter 9.5 inch.

The copper condenser through which we connect the solar oven with
the lower basin. It is used to condense the steam and transfer the steam
from the solar oven to the lower basin. At the end of the pipe the nozzle
is fitted to condense the remaining steam and convert it into the pure
water.

This lower basin cap is made up of steel, which is fitted in the pot so
that no steam can escapes out.

This is the basin in which the treated water or purified water is
collected. It is the basin which acts as a condenser of the steam in
which the steam is condensed. This is made up of the one clay pot with
the metallic cape.

2.2 Cost Estimation

the lower basin cap and lower basin pot utilized in the
equipment costs PKR 250 and PKR 350, respectively.

In designing of a SWD Equipment basically for the rural
communities, the prime object was to keep the
equipment cost effectively. The oven utilized in this
equipment cost was PKR 1500 and the supporting pot
for oven cost only PKR 300 The stand to support the
equipment was built from clay and cost PKR 500 only.
The condenser used for the transfer of steam from the
solar oven to the lower basin costs PKR 600 only. And
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Furthermore, the Cost estimation of various
components is provided in Table 2. The cost for the
fabrication was about PKR 1000. The total cost of unit
is PKR 4500 (approximately USD 33). In other parts of
world solar desalination units are designed such as
single basin solar still have cost PKR 6040 having
efficiency of 30.65% [4].
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Table 2

Cost estimation for the components

S. No. Parts Cost in Pakistan (PKR)
1.  Black Solar Oven 1500/-
2. Supporting Pot 300/-
3. Clay Stand 500/-
4.  Copper Condenser 600/-
5 Lower Basin Cap 250/-
6.  Lower Basin Pot 350/-
2.3 Study Area

The study focuses on the district Tharparkar which is a
desert region in the Southern part of Sindh Pakistan [18].
Study area comprises of three main cities of Tharparkar
district i.e., Mithi, Islamkot and Diplo, located in south-
east edge of the Sindh, Pakistan as shown in Fig. 2. The
study areas are positioned between 69136.2270 —
70145.1920 longitude and Latitude respectively [22].
These areas have major water crisis because of limited
groundwater as an only source of water for the people.
The unreliable other source of the water for the people
of Mithi, Islamkot and Diplo is the unexpected
rainfall. The groundwater that people consume in this
area is mostly saline or brackish and has a high
concentration of various salts and minerals, which are
dangerous for human health, as well as livestock.
Ground water quality of Islamkot and Diplo is not
good for drinking purpose, contains high
concentration of TDS in it.

Fig. 2. GIS Map of Mithi, Diplo And Islamkot Cities of
Tharparkar

2.4 Samples Collection and Preservation

All precautionary measures were followed while
collecting the water samples from selected sites. Totally
10 samples from each city were collected from thickly
populated areas. The samples were collected from the
dug wells and groundwater. All the samples were
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collected in the clean water plastic bottles and preserve
according to the WHO guideline [23]. Samples were
store in the dry, clean, and clear environment. From each
location 6 liters water sample is collected and preserve
at 4°C for the analysis of pH, TDS, and EC.

2.5 Samples Analysis

The pH, TDS and EC were analyzed for all samples in
the Water and Soil Laboratory, Institute of
Environmental Engineering and Management, Mehran
University of Engineering and Technology, Jamshoro,
Pakistan. The pH is measured through the digital pH
meter (WSTLO07, WTW Germany). The TDS and EC
were measured using HACH (PCRWR) conductivity
meter.

3. Experimental Procedure

3.1 Treatment Procedure

The PSWD was tested in open space and is working on
the  principle of the humidification and
dehumidification. The procedure is very simple as the
sun rays fall on the glass cover of unit the oven
temperature increases and the saline water is converted
in to steam. The steam hits on the glass cover some of
it condensed that is collected into the inner channel fitted
to the wall of the black solar oven and the remaining
passes through the copper condenser pipe and
condensed into the pure water and collected into the
lower basin pot.

3.2 Cleaning/Removal of Salts from the Unit

After purification the salts of the raw water are settled
down into the lower portion of solar oven, it is then back
washed to remove those settle able solids. For washing
and cleaning of the settle able solids the water is injected
through the inlet pipe and then unit was backwashed
manually. The unit becomes ready within 10 minutes for
the next time purification of the saline water. The PV
model used in this paper is a Soltech PV model and it is
a fixed model; the Soltech PV model (and parameters)
is available in the Simulink. Therefore, the system is
coupled with Maximum Power Point Tracking system
known as MPPT, with a Perturb and Observe (PandO)
algorithm to extract the maximum possible power from
PV. Table 1 shows the parameters of the photovoltaic
module used in this system; they are adapted from.

4. Results and Discussion

Different samples were collected form Mithi, Islamkot
and Diplo city. Ten samples were collected from each
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city and were analysed for TDS, EC and pH before and
after treatment. All the samples were treated with the
help of PSWD unit.

Samples collected from Mithi, Islamkot and Diplo
were tagged as M1-M10, 11-110 and D1-D10
respectively. From the analysis it was observed that the
samples before treatment had high TDS value exceeding
WHO standards in all cities. Moreover, the most of EC
and pH value were approximately within the limits of
WHO guidelines for drinking water. As per WHO
guidelines for Drinking-water Quality [10], the
satisfactoriness of water with a TDS dimension of under
600 mg/L is commonly viewed as great; drinking water
turns out to be altogether and progressively unpalatable
at TDS levels greater than around 1000 mg/L. The
nearness of elevated amounts of TDS may likewise be
guestionable to consumers, inferable from intemperate
scaling in water pipes, radiators, boilers, and household
appliances. However, WHO does not propose any
wellbeing-based rule an incentive for TDS. No
wellbeing-based rule esteem has been proposed by
WHO for pH either. Although pH normally has no
immediate effect on purchasers, it is a standout amongst
the most imperative operational water quality
parameters. The ideal pH required changes in various
supplies as per the requirement of the water and the idea
of the development materials utilized in the circulation
framework, yet it is for the most part in the range 6.5 —
8.5 [23].

4.1 Results of Samples from Mithi City

The sample collection process was carried for the Mithi
city. Ten samples were collected from different areas of
Mithi, and all the samples were tagged as M1-M10 as
shown in Table 3. The samples collected has maximum
TDS of 10421 mg/L and minimum of 735 mg/L
and maximum EC of 20842 pS/cm and minimum of
1470 pS/cm before treatment. From treated samples
maximum TDS value obtained was 375 mg/L and
minimum TDS obtained was 185 mg/L as shown in
Fig. 3. Similarly, for EC maximum value after treatment
was 750 puS/cm and minimum 370 puS/cm as shown in
Fig. 4. After treatment, the water obtained was suitable
for drinking as the TDS and EC value were very much
low and within the limits of WHO standards. In previous
study the water quality parameters of simple single basin
solar still unit had TDS, pH and EC values before and
after desalination were in order of TDS 370-30 mg/L,
EC 1.291-0.041 mS/cm and pH 6.72 — 6.5 respectively

[4].
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Fig. 3. TDS of Samples before and after Treatment, Mithi
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Fig. 4. EC of Samples before and after Treatment, Mithi City
4.2 Results of Samples from Islamkot City

Similarly, 10 samples were collected from the Islamkot
city. All the samples were tagged as 11, 12, 13, 14, 15, 16,
17, 18, 19, and 110 as shown in Table 4. The maximum
value of TDS reported as 7516 mg/l and minimum
334 mg/L. After the treatment with PSWD unit the
maximum TDS value obtained was 314 mg/L and
minimum 150 mg/L as shown in Fig. 5. Similarly, the
EC values after the treatment ranged from 628 and
300 uS/cm as shown in Fig. 6.
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Fig. 5. TDS of Samples before and after Treatment, Islamkot
City
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Fig. 6. EC of Samples before and after Treatment, Islamkot
City
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4.3 Results of Samples from Diplo City

In diplo city 10 samples were collected from different
areas. The sample ID is given according to first letter of
the cities such as for Diplo “D” as shown in Table 5. The
results of TDS values of Diplo city showed maximum in
D10 sample as 10196 mg/L and minimum in D1 as
886 mg/L. After treatment from PSWD the remarkable
results achieved such as for TDS maximum 365 mg/L
and minimum 245 m/L as shown in Fig. 7. Similarly, the
EC value is also gotten good reduction such as
maximum 730 pS/cm and minimum 490 pS/cm as
shown in Fig. 8.

D3 D4 D5 Dé D7 D8 D9 D10

Before TDS After TDS mg/l

Fig. 7. TDS of Samples before and after Treatment, Diplo
City

Table 3

Results of Mithi water samples before and after treatment

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

Before EC mS/em After EC pS/cm

Fig. 8. EC of Samples before and after Treatment, Diplo
City

Typically, efficiency of simple single basin stills has
been observed as 25% [25]. While through modification
of wunit, by providing insulation to reduce losses
efficiency of unit can be increased to 30 — 40% [4]. The
design of PSWD unit utilized in this research was
modified by providing Mud pot at bottom of unit to
collect water, rubber seals at top of unit to reduce steam
losses and insulation to reduce heat losses to increase
efficiency of system. After modification of PSWD
efficiency observed was 35.2%.

Samples Location Ambient PSWD Inner Before TDS  After TDS Before EC  After EC
ID Temperature (°C) Temperature (°C) PH (mg/L) (mg/L) (uS/cm) (uS/cm)
M1 48.02 93.5 7.4 10421 230 20842 460
M2 46.45 91.4 7.8 8120 243 16240 486
M3 40.09 85.6 8 1455 375 2910 750
M4 49.15 95.2 7.9 8025 223 16050 446
M5 49.26 95.6 7.2 4485 185 8970 370
M6 44.32 87.2 7.3 10402 265 20804 530
M7 45.04 88.5 7.1 6420 237 12840 474
M8 39.02 78.4 7.6 1553 342 3106 684
M9 46.32 91.2 7.6 2945 214 5890 428
M10 48.03 93.6 7.7 735 234 1470 468
Table 4
Results of Islamkot water samples before and after treatment
Samples ID Location Ambient PSWD Inner oH Before TDS  After TDS  Before EC  After EC
Temperature (°C) Temperature (°C) (mg/L) (mg/L) (uS/cm) (uS/cm)
11 44.04 87.2 7.4 643 150 1286 300
12 41.12 82.3 7.8 334 239 668 478
13 42.67 84.3 7.2 1612 260 3224 520
14 45,22 88.7 7.5 1346 278 2692 556
15 46.16 91.1 7.4 7516 167 15032 334
16 43.37 85.3 7.6 4450 265 8900 530
17 41.27 82.5 7.2 1565 286 3130 572
18 43.21 85.3 7.3 2405 257 4810 514
19 40.76 85.7 7.6 4482 314 8964 628
110 43.02 86.3 7.7 2863 289 5726 578
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Table 5

Results of Diplo water samples before and after treatment

Samples ID Location Ambient PSWD Inner oH Before TDS  After TDS Before EC  After EC
Temperature (°C) Temperature (°C) (mg/L) (mg/L) (uS/cm) (uS/cm)

D1 42.42 84.0°C 7.8 887 276 1774 552

D2 42.02 83.7°C 7.3 1381 279 2762 558

D3 46.02 91.0°C 75 605 245 1210 490

D4 40.27 85.5°C 7.6 4086 325 8172 650

D5 38.52 76.5°C 7.8 2239 365 4478 730

D6 44.02 87.1°C 7.2 8622 248 17244 496

D7 42.02 84.2°C 79 3240 279 6480 558

D8 43.22 86.4°C 7.7 10194 254 20388 508

D9 42.72 84.3°C 7.1 2420 284 4840 568

D10 44.35 87.7°C 7.6 10196 290 20392 580
Table 6
Correlation of parameters

Parameters pH TDS Before  TDS After EC Before EC After

pH 1

TDS Before -0.0877 1

TDS After -0.03307 0.81279 1

EC Before -0.0877 1 0.81279 1

EC After -0.03307 0.81279 1 0.81279 1

4.4 Correlation Table

The correlation Table 6 shows the positive and negative
correlation between pH TDS and EC before and after
treatment. The correlation is negative between the pH
with before and after treatment result of TDS and EC
while the positive correlation is found in pH to pH, TDS
before to TDS before, TDS after to TDS after, EC before
to EC before and EC after to EC after with other
parameters.

4.5 Hierarchical Cluster Analysis

In this analysis the similar results are encounter in same
class and the results having variation in analyzed values
are placed in another class. In this hieratical cluster
analysis is shown in dendrogram, which divide the
results of all samples in groups and subgroups. The
dendrogram for TDS concentration in drinking water
samples of three cities of Tharparkar district are shown
in Fig. 9, and this divided in to two groups namely A and
B and both are also divided into two subgroups. Group-
A is larger than Group-B which show the high TDS
concentration then Group-B.
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Fig. 9. Dendrogram Represents the Similarity in TDS
Concentration Between Sampling Location

5. Conclusion

The present study shows that the TDS concentration
from drinking water samples collected from three cities
of district Tharparkar were crossed the maximum
permissible limit for TDS recommended by WHO. In
this study the designed solar water desalination unit was
found as an efficient and cost-effective desalination unit
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consuming minimal cost of around PAKPKR 4500/-.
The efficiency of the unit is 35.2% through this
household solar water desalination unit. The study
concluded that this low cost and highly efficient
treatment unit should be recommended for the arid
regions of rural areas of Sindh like Tharparkar which
facing shortage of drinking water and relying on saline
water for their drinking purpose.
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