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Abstract- Direct sunlight has been utilized long back for desalination of water. Solar still is a device
that converts saline water to potable water. This project mainly discussed about point-focus parabolic
solar still (PPSS). Since lack of water supply has become a serious problem today, this prototype is
design to produce fresh water from saline water to enable continuous supply of water. However, the
current solar desalination generation capacity is generally low and has high installation cost. Hence,
there is a need for the enhancement of the productivity which can be achieved through point focus
parabolic solar still. Existing PPSS produces of 3.56 L/m? fresh water of per day. In this project, we
have some modifications which will increase the productivity of PPSS.

Indexed Terms- Solar still; Salinity; Seawater; Desalination.

I. INTRODUCTION

1.1 Background of Study

About 71% of the Earth's surface is water-covered and yet it is undeniable that many regions of
country still suffer from lack of fresh water supply. The United Nations Environment Programme
(UNEP) (1991) acclaimed that one third of the world’s population live in countries with insufficient
freshwater to support their population .

Apart from that, marine militaries often migrate from one place to another place and they often
face difficulties to obtain drinking water. Engineers and technicians working offshore also
experienced lack of potable water during summer. Furthermore, villagers staying nearby sea
sometimes use seawater for domestic purpose if there is lack of water supplies.

All these prove that continues ability to supply fresh water is essential. Throughout the history,
water is extracted only from aquifers and rivers to produce fresh water which is now depleting as
well. In order to solve the water crisis, the availability of seawater should be utilized as oceans
covered approximately 96% of the total water in the Earth as shown in Table 1.

An alternative way is found to utilize the seawater which will benefit the humankind and other
living things as well. This process is called solar desalination where saline water can be used to
convert as freshwater using sunlight.
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Table 1: Estimated global water distribution [2].

Water Source Water Volume, in Water Volume, in Percent of Percent of
cubic miles cubic kilometers Fresh Total Water
water
Oceans, Seas, & 321,000,000 1,338,000,000 -- 96.5
Bays
Ice Caps, Glaciers, 5,773,000 24,064,000 68.6 1.74
&Permanent Snow
Ground Water 5,614,000 23,400,000 -- 1.7
Fresh 2,526,000 10,530,000 30.1 0.76
Saline 3,088,000 12,870,000 -- 0.93
Soil Moisture 3,959 16,500 0.05 0.001
Ground Ice & 71,970 300,000 0.86 0.022
Permafrost
Lakes 42,320 176,400 -- 0.013
Fresh 21,830 91,000 0.26 0.007
Saline 20,490 85,400 -- 0.007
Atmosphere 3,095 12,900 0.04 0.001
Swamp Water 2,752 11,470 0.03 0.0008
Rivers 509 2,120 0.006 0.0002
Biological Water 269 1,120 0.003 0.0001

At present, there are many types solar desalination plants located all around the world which is
used for small and large scale depend on the purpose. However, few drawbacks were found in the
design such as high cost, low efficiency and complexity in designing. In addition, there are losses of
heat to the surroundings. Furthermore, yield produced are affected during raining season, and solar
dish need to be protected during harsh conditions like rain and high installation cost. So, a prototype
known as point focus parabolic solar stills is designed to fulfil the need of people which is to ensure
continuous water supply. This project intends to supply fresh water which undergoes solar
desalination as well as concerning other factors such as the efficiency, durability and cost. A simple
and cost-effective point focus parabolic solar still able to work efficiently and reduce the heat loss at
the same time.

1.2 Objectives
The objectives of the project are:

1. To investigate the productivity of point-focus parabolic solar still with low cost parabolic dish
made up of non-fragile materials.

2. To design low cost solar tracker that compatible for users and efficient as well.

3. To minimize the heat loss in point-focus parabolic solar still and reuse the waste heat through heat
exchanger.

Il. LITERATURE REVIEW

2.1 Background of Solar Desalination

Gorjian et al.(2014) defines “desalination” as any process that removes some amount of salt and other
minerals from saline water or brackish water and is the well-known treatment solution throughout the
world today. Basically, solar desalination can be divided into two which are direct and indirect solar
desalination. Direct solar desalination convert solar energy to produce distillate or potable water
directly meanwhile indirect solar desalination combines conventional desalination techniques, such as
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multistage flash desalination (MSF), reverse osmosis (RO), membrane distillation (MD) and
electrodialysis, with solar collectors for heat generation. Solar stills are the device used to make
potable water from the saline water with the aid of solar energy which is considered as direct solar
desalination. Solar still can be broadly classified into two categories, active solar still and passive
solar still.

2.2 Comparison of productivity for Different Types of Solar Still

Table 2: Comparison of Productivity for Solar Stills

Type of Solar Still Capacity (L/m*/day) References
Basin Type Solar Still 2.00 [4]
Wick Still 4.2 [5]
Weir type cascade solar still 3.85 [6]
Spherical Solar Still 2.3 [7]
Double basin still coupled to a collector 5.181 [8]
Point-focus parabolic solar still 3.56 [9]

2.3 Limitations of Solar Desalination

A major concern on desalination facilities that should be considered while increasing productivity is
to maintain economic feasibility and simplicity. Rabadia (2015) [10] acclaims that the system
components and hardware used to enhance productivity are still expensive often impeding
commercialization. Another limitation of desalination is that it may introduce biological or chemical
contaminants into water supply. Hence, initiatives should be implement to filter and separate chemical
containments such as oil from the saline water. The current project is intended to design and fabricate
a stand-alone point-focus parabolic solar still for the desalination of brackish water and purification of
non-potable water. The reason for choosing PPSS among others is because PPSS can produce higher
yield with lower cost of installation. Compare to the parabolic trough which is use for large scale and
require higher cost of installation, PPSS can be used for lower scale and it has a simpler design.

I11. MATERIALS AND METHODOLOGY

3.1 Materials

1. Parabolic dish concentrator
The solar dish concentrator is made of fine-polished aluminum foil and silver colour is coated on
dish to increase the reflectivity of the dish.

2. Insulated Absorber
The absorber is made up of double walled glass bottle from vacuum flask. The outer surface is
insulated with tempered glass

3. Piping system
For inlet, stainless steel pipe is used as it can reduce the corrosion rate of the pipe due to the flow
of salt water and it is economical meanwhile copper pipe is used for outlet.

4. Heat exchanger
The heat exchanger used is copper pipe heat exchanger. There would be thin strips of copper
which carries hot fresh water surrounding the inlet pipe that transfer heat to incoming saline
water.

5. Single Axis Sun Tracking System
In this design, trackers are incorporated to parabolic dish to keep parabolic solar dish oriented
directly towards the sun in one plane-either horizontally or vertically.

6. Stepper motor
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The stepper is integrated in this design to assist the movement of the parabolic solar dish.

7. Light Dependent Resistor (LDR)
LDRs are fixed on the parabolic solar dish in order to make the parabolic dish moves according to

the position of sunlight.

8. Water Pump
The water pump would aid in supplying salt water to the insulated absorber through the piping

system of the inlet.

3.2 Methodology

START

A
Sun ray is tracked by the Light Dependent Resistor (LDR)

v

LDR sent input data to the microcontroller and thus signal
is sent to stepper motor to rotate the dish.

'

Sunlight strikes on dish which reflects to the focal point
where insulated absorber located.

A

Seawater flows in insulated absorber gets heated up and
aaaaaaaa +ad

Then, steam is formed and condensed into fresh water
droplets and thus flow into fresh water tank

y

Heat from steam will be released and transfers the heat to
the cold seawater through heat exchanger

A

Temperature of the seawater increases prior entering the
insulated absorber.

Fresh water production cycle is continuously operated
within the PPSS system

Figure 7: Working principle of stand-alone point-focus parabolic solar stills

3.3 Analysis
3.3.1 Prototype Geometry

Focal length is use to determine the location of precise and accurate focal point of the insulated
absorber where vacuum flask and tempered glass located. The accuracy of the focal point can direct
influence the efficiency and productivity of the fresh water.

Calculating the focal length from centre of aperture to the insulated absorber, f
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Table 3: Dimension of the parabolic dish concentrator

Description Value
Diameter of aperture, D, (M) 0.66
Depth of the parabolic dish, h (m) 0.135
Radius of the cylinder, a (m) 0.06
f={(D.)2/ 16k
f=1{0.66)2m2 J [16 x« (0.135m)]
f=02017m

______ - @)

The focal length from centre of aperture to the insulated absorber was 0.2017 m.

3.3.2 Average Temperature in the Absorber of the Parabolic Disc Solar Collector

Table 4: Information and values used to calculate average temperature of absorber

Description Value Reference
Ambient Temperature, Tamy 20°C or 293.15K [11]
Temperature of the sun, Ty, 5526.85°C or [12]
5800K

Emissivity of the vacuum flask, &, 0.09 [13]
Maximum efficiency range of the solar

collector (80%-100%), n 0.80 [14]
Maximum concentration ratio, C 346.6867 )
Optical efficiency, n, 0.9110 -

Calculating average temperature in the insulated absorber of the parabolic disc solar collector, Ty

Temperature in the absorber of the solar collector could be found through the necessary value given
and equation given below [14]:

poo T ()] e 2

2

20°C+ 5526.85°C * [(1—0.8)* (w)]

T = 46311+ 0.09
rm 2

T — 103.76°C
m—

2
T =51.88°C
The average temperature in the insulated absorber of the parabolic dish solar collector was 51.88°C.

Table 5: Information and values used to calculate thermal efficiency, nins

Description Value Reference
Useful energy delivered in the absorber, Qqu (W) 138.4808 -
Avrea of the aperture, Aa(m®) 0.3421 -
Mean Direct Radiation from the sun, I, (W/m?) 450 [15]
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Calculating the thermal Efficiency, ni,sy 0f PPSS system
inst = Qout/ (Aa X Ip)---- s @3)

O _ 138.4808W
Dinst = o Tmz x 450
mz2

ninst =0.8995 x 100%
Dinst = 89.95%

The thermal efficiency, ni.s 0f PPSS system was 89.95%.

3.4 Prototype Design

IV. RESULTS AND DISCUSSIONS

4.1 Performance of The Solar Desalination Plant

The average amount of fresh water produced is 148.3 ml based on three days observation. Table 4.1
shows the volume of fresh water produced for three consecutive days. Based on Table 4.2, the
maximum solar irradiance achieved is 1012.9 W/m2 at 12.30 pm on Day 2 and the minimum is 187.9
W/m2 at 5.30pm on Day 3.The solar irradiance greatly affects the productivity of the fresh water.
Figure 4.1 illustrates the trend of solar irradiance for three days and it clearly shows that the solar
irradiance increases till noon and started decreasing towards evening.

Table 4.1: The volume of fresh water produced (ml) for three consecutive days.

Volume of fresh Day 1 Day 2 Day 3 Average

water (ml) 120 170 155 148.3
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Table 4.2: The solar irradiance (W/m?) for three consecutive days

Solar Irradiance (W/m?)

Time

Day 1 Day 2 Day 3 Average

8.30 am 575.7 470.7 315.7 454.0
9.30 am 821.5 891.5 4135 708.8
10.30 am 845.7 940.7 448.7 745.0
11.30 am 895.5 975.5 690.5 853.8
12.30 am 910.5 1012.9 710.5 878.0
1.30 pm 917.7 995.7 717.7 877.0
2.30 pm 895.2 870.2 595.4 786.9
3.30 pm 307.2 507.2 307.2 373.9
4.30 pm 191.8 396.8 190.3 259.6
5.30 pm 192.7 295.7 187.9 225.4

Total Average 616.3
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Figure 4.1: The graph of solar irradiance (W/m?) with time for three consecutive days

4.2 Effect of Salinity and Conductivity

Based on Table 4.3, the salinity of the fresh water produced from the solar still showed a tremendous
reduction. The average salinity obtained is 1.47ppt and the percentage of reduction is up to 92.78%.
By using parabolic focus-point solar still, the conductivity of fresh water obtained is 2.69mS. The
percentage reduced is about 93% for three consecutive days.

Table 4.3: The comparison of average salinity and conductivity of distilled water, seawater and fresh

water for three consecutive days.

Conductivity (mS) Salinity (ppt)
Type of Da
Water Dayl Day?2 3y Average Dayl Day2 Day3 Average
Distilled water ~ 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Seawater 40.80 40.70 4%'8 40.77 2040 20.30 20.10 20.37
Freshwater g5 254 267 2.69 142 145 153 147

(output)

130



Atnaw et al/International Journal of Engineering Technology and Sciences 5 (2) (2018)

4.3 Effectiveness of Heat Exchanger

The efficiency of the heat exchanger that is used in the parabolic point- focus solar still is up to
37.28%. The rate of heat exchange that takes place between the incoming cold seawater and the
outgoing hot fresh water is about 393.42 J/h. The efficiency of the heat exchanger can be further
increased by reducing the heat loss to the surrounding.

4.4 Economic Analysis

Annual production of fresh water
It is assumed that the solar irradiance is high throughout the year which is for 340 days

ml 1L 340 days
=148.33 — x 24
day 1000ml 1year

=50.4322 Llyear

Price of fresh water per litre
1 litre of Reverse Osmosis drinking water
_ RM18.00

T 11 litre
= RM 1.63 per litre

Annual saving of fresh water

= Annual production of fresh water (L/year) x Price of the fresh water per litre (RM/L)
=50.4322 L/year x RM 1.63 per litre

~ RM 82.50 per year

Capital cost for PPSS = RM 856.50
Payback Period of PPSS system
Capital cost for PPSS system (RM)

" Annual saving of fresh water (RM/year)
RM 865.50

" RM82.50/year
~ 11 years

V. CONCLUSION

In a nutshell, fabrication of the simple, cost effective and environmental friendly of Point-Focus
Parabolic Solar Still (PPSS) system is enlighten by the critical fresh water shortage issues which faced
by the human population and high cost of manufacture, low efficiency and heat loss of the solar
desalination plant. In order to increase the effectiveness of the PPSS system, counter-current flow
arrangement of the power-pipe heat exchanger and low cost of the sun tracker system were mounted
within the PPSS system.

However, low efficiency of the power-pipe heat exchanger was rated as only37.28% of the heat
gained by the power-pipe heat exchanger. Besides that, average productivity of the fresh water with
0.4336L/m? per day was considered lower as compared to the expected outcome of the fresh water
which is 4 L/m? per day due to some limitations of the PPSS system. Apart from that, 92.78% and
93.40% of high percentage of salinity and conductivity removal declared that PPSS system had high
efficiency in removing salt contents through the solar desalination process. The present study is a
relatively good starting point in fabricating eco-friendly and effective PPSS system to solve shortage
of the fresh water supply and further work is needed to further improve the efficiency of the PPSS
system.
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VI. RECOMMENDATIONS

Therefore, some recommendations can be made in order to improve the effectiveness of the PPSS
system in various aspects such as reflectivity of the sunlight, productivity of the fresh water, solar
radiation absorption and minimize heat loss and wastage. Firstly, Fresnel lenses can be mounted on
the surface of the parabolic dish because thin sheet of the Fresnel lenses are designed with multiple
refracting planes which improving the concentration incoming light from various angles into a line or
single point focus on the insulated absorber. Besides installation of Fresnel lenses, large and parabolic
in of parabolic dish mirrors which made up of large surface area and high reflective surface of the
optimal-shaped flat metal petals can be fabricated in replacing the parabolic dish concentrator that
made up of obsolete Astro dish.

In order to increase the productivity of the fresh water, a small electrically operated wiper should
be installed at the upper inner surface of the tempered glass to automatically wipe the water droplets
off and collected at the bottom part of the tempered glass. Next, a discharge valve should be mounted
at the bottom part of the vacuum flask with the aids of the brine blow down pump to remove excess
salt within the vacuum flask. Apart from that, minimize heat loss and increase surface area of the heat
exchanger play major roles in increasing the effectiveness and performance of the power-pipe heat
exchange. Last but not least, fresh water obtained through the solar desalination process must be
tested and analyzed in determining the suitability of the fresh water for drinking purposes.
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