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ABSTRACT

Cylindrical shape of atmospheric water harvester model was developed, which located at
Universiti Malaysia Kelantan. The materials used for the mesh, fins, core and the frame
structure are stainless steel which were light and strong to withstand the elements. The
experiment was carried out on February and March 2017. Primary data collection on volume
of water was collected from daily monitoring. Secondary data collection was obtained from
meteorological data, which contains the data of wind speed, wind direction, dry bulb
temperature, relative humidity and rainfall.Descriptive analysis was used to relate the volume
of water collection with the meteorological data. It shown the suitability of cylindrical shape
of atmospheric water harvester model to be used in harvesting atmospheric water.
Meteorological factors implements an important role in maximizing the volume of water
collection.
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1. INTRODUCTION

Of all the earth’s resources, water is the most fundamental to life [10]. Every living organism
needs water for survival. Normally, water is needed for a wide variety of purposes such as in
industrial and agricultural sector. Although supplying water for people in tropical regions has
gained high importance in the recent days [11], however, water resources in many parts of the
world are pushed to their natural limits. This is due to the fact that increasing population has
put tremendous pressure on the natural resources.

Currently, the issue of water scarcity has become one of major global concern [1]. Water
scarcity can be defined as the lack of access to adequate quantities of water for human and
environmental uses is increasingly being recognized in many countries as a serious and
growing concern [2]. It affects every aspect of human life including health, agricultural yields,
food security, technical development and the economy of states [8]. Actually, the water
scarcity already affects every continent. Around 1.2 billion people or almost one-fifth of the
world's population, live in areas of physical scarcity and 500 million people are approaching
this situation. Another 1.6 billion people or almost one quarter of the world's population face
economic water shortage [12].

Due to the pressing global challenge of water scarcity, the alternative methods of water
collection have become increasingly popular in recent years. Alternative water sources are
sustainable sources of water, not supplied from fresh surface water or groundwater that offset
the demand for freshwater [3]. One such example is the idea of atmospheric water harvesting.
In [13] stated that atmospheric water harvesting is an adaptation of natural processes of water
cycles which involve condensation and precipitation.

So, in order to examine the potential water in the atmosphere, atmospheric water harvester
model was developed since it is one of the sustainable alternative water resources [6].
Normally, the atmosphere contains water in the form of water vapor, moisture and so on.
Within that amount, almost 35% of the water is wasted. This amount of water can be used
with the help of an atmospheric water harvester. This research was conducted to develop
prototype for a new design of atmospheric water harvester model and to investigate the

influence of meteorological effect on the volume of water collection.
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2. MATERIAL AND METHOD

This research was conducted in Universiti Malaysia Kelantan Jeli Campus. It was located in
elongated hill of Jeli district at Kelantan, Malaysia [7]. Normally, hilly areas in Jeli were
distributed in the foot of mountain ranges, the backbone of Peninsular Malaysia. This
landscape forms two types of hill included isolated and elongated hills. However, the
elongated hills are ridges but usually lower than mountain ridges [5]. Therefore, the hilly
areas can be also known as highland area because of its limited water access. Apart from that,
Jeli district was a tropical rainforest climate where it received high annual amount of rain
water [9].

Universiti Malaysia Kelantan Jeli Campus was lied between a longitude 101°52°04.57” East
and latitude 5°44°46.50” North. Jeli was situated in western part of Kelantan, strategically
located near Kelantan-Perak state border and Malaysia-Thailand international border. As of
2010, Jeli district has a population of 48,000 peoples [4]. It shows that the amount of
population were quite large to compete with each other, in order to get enough basic needs
especially water.

2.1. Installation of Materials

Based on previous research, there are various design and technique that have been carried out
to harvest atmospheric water. Thus, in this research, the study on maximizing the volume of
water collection has been continued through the creation of a new atmospheric water
harvester design which is in cylindrical shape. The atmospheric water harvester was
developed by using material that can lower down the dew temperature. The materials for the
mesh, fins, core and the frame structure were selected based material which are light and
strong to withstand the elements. The mesh materials used are stainless steel and aluminum
mesh with 9.3-18.6 m” surface area. 10 L of mineral water bottle was attached under the

funnel of atmospheric water harvester to act as water collector.
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Fig.1.The prototype of atmospheric water harvester model

In Malaysia, this type of atmospheric water harvester model has not yet been tested
scientifically. Hence, the perfect design that suitable and could harvest a high volume of water
in Malaysia climate and humidity is relatively unknown. Therefore, in order to identify the
most suitable design in catching atmospheric water like fog and rain, the efficiency of this
prototype was tested in this research.

2.2. Experimental Setup

The experiment was carried out for two months continuously started from 1st of February

2017 until 31st of March 2017. Monitoring and collecting method have been used in this
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research. The data of water collection was observed between 7.30 a.m. to 8.00 a.m. everyday.
It shows that the data was taken once every 24 hours period. Based on daily observation, the
time from 7.30 a.m. to 8.00 a.m. was quite suitable to collect data. It is because after 8.00 a.m.,
the water collected was evaporated due to direct heat from the sunlight.

In this research, the meteorological data collection used included the data of wind speed, wind
direction, dry bulb temperature, relative humidity and rainfall were derived from the nearest
weather station situated at Masjid BesarJeli which owned by Malaysian Meteorological
Department. It was located at longitude 101° 50' 45" East and latitude 5° 41' 39" North with
the elevation of 93 m.

2.3. Statistical Analysis

All analysis results were subjected to statistical methods to determine mean and standard
deviation using the suitable statistical software which is known as Statistical Package for the
Social Sciences (SPSS). Thus, to relate primary data collection which was the volume of
water collection with secondary data collection including meteorological factor such as wind
speed, wind direction, dry bulb temperature, relative humidity and rainfall, the descriptive

analysis was used.

3. RESULTS AND DISCUSSION
3.1. Descriptive Analysis on Volume of Water Collected (ml) on February and March
2017

Table 1.Volume of water collected for cylindrical shape of atmospheric water harvester model

Months Volume of Water Collected ( ml )
February 2017 17,968
March 2017 30,697

Table 1 shows the volume of water collected for cylindrical shape of atmospheric water
harvester model on February and March 2017. Based on Table 1, on February 2017, the total
volume of water collected was 17,968 ml. While on March 2017, the total volume of water
collected was 30,697 ml. This results shows that the volume of water collected on March

2017 is higher than the volume of water collected on February 2017.
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Table 2.Volume of water collected on February 2017

No. Relative Wind Wind Rainfall Dry Bulb Volume of
(Days) Humidity Direction Speed (mm) Temperature Water
(%) ©) (m/s) O Collected
(ml)
1 94 245 0.7 0.0 22.7 0
2 90 165 0.6 0.0 22.7 0
3 92 050 0.8 0.0 23.5 130
4 95 270 0.6 0.0 23.7 170
5 95 255 0.9 0.0 22.6 78
6 94 250 1.5 0.0 23.5 52
7 90 215 0.9 0.0 21.0 0
8 92 270 0.9 0.0 22.3 0
9 93 270 1.0 0.0 22.4 0
10 92 225 0.8 0.0 22.5 940
11 95 050 0.6 0.4 23.2 170
12 96 055 0.5 0.0 22.5 0
13 95 030 0.4 0.0 22.6 130
14 96 360 0.4 0.0 222 380
15 95 290 0.4 0.0 22.8 2160
16 94 280 0.7 0.0 21.6 130
17 95 300 0.5 0.0 22.4 26
18 92 270 1.2 0.0 23.4 7300
19 96 320 0.4 4.1 23.1 0
20 96 170 0.3 0.0 21.8 0
21 96 270 1.5 0.0 22.1 0
22 95 230 0.5 0.0 22.4 0
23 95 200 0.5 0.0 24.1 26

24 96 270 0.6 0.0 22.8 26
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25 94 165 0.6 0.0 24.0 130
26 96 290 0.5 0.0 23.2 1660
27 96 030 0.5 0.0 23.7 1900
28 97 035 0.5 0.0 22.8 2560

Sum = 17,968 ml

Based on Table 2, there are 10 days on February 2017 has no record for volume of water

collected which are on 1st, 2nd, 7th, 8th, 9th, 12th, 19th, 20th, 21st and 22ndof February

where the weather is very hot. Both on 23rd and 24th of February contains the minimum

volume of water collected with only 26 ml because the water collection had been evaporated

into the atmosphere. The volume of water collected on 18th of February shows the maximum

amount of water collection with 7300 ml due to continuous rainy day. The overall volume of

water collected on February 2017 is 17,968 ml.

Table 3.Volume of water collected on March 2017

No. Relative Wind Wind Rainfall Dry Bulb Volume of
(Days) Humidity Direction Speed (mm) Temperature Water
(%) ©) (m/s) °O) Collected
(ml)
1 96 065 0.7 0.1 23.8 5580
2 96 055 0.4 0.0 23.9 3180
3 96 015 0.3 0.0 22.8 130
4 96 150 0.5 0.0 22.4 26
5 94 310 0.6 0.0 23.7 0
6 94 270 0.5 0.0 22.1 0
7 &9 265 1.3 0.0 22.5 0
8 95 130 0.5 0.0 22.0 0
9 91 270 1.9 0.0 21.2 0
10 91 240 0.9 0.0 21.7 0
11 92 185 0.4 0.0 24.0 0
12 91 160 0.5 0.0 23.9 0
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13 96 270 1.3 0.0 233 0
14 95 280 0.4 0.0 22.2 0
15 94 300 0.8 0.0 23.6 0
16 93 240 0.7 0.0 232 0
17 95 255 0.7 0.0 22.9 0
18 92 270 1.2 0.0 24.0 0
19 94 115 0.5 0.0 23.5 0
20 94 240 1.0 0.0 23.4 26
21 96 220 0.8 0.0 223 6820
22 96 190 0.9 0.0 22.9 130
23 94 290 0.8 0.0 243 0
24 90 245 0.7 0.0 242 940
25 91 265 0.7 0.0 24.4 0
26 92 220 0.6 0.0 23.9 0
27 96 220 0.5 0.0 233 3180
28 94 245 0.7 0.0 24.1 500
29 94 050 0.7 0.0 24.1 170
30 95 240 0.7 0.0 23.8 2255
31 96 215 0.4 0.0 22.6 7760

Sum = 30,697 ml

Based on Table 3, on March 2017, due to very hot weather, there are more than a half number

of days has no record for volume of water collected with the total of 18 days. Both on 4th and

20th of March contains the minimum volume of water collected with only 26 ml where the

water collection had been evaporated into the atmosphere. The volume of water collected on

31st of March shows the maximum amount of water collection with 7760 ml due to heavy

rainfall on that day. The overall volume of water collected on March 2017 is 30,697 ml.
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Table 4.Descriptive statistics on February 2017

N Minimum Maximum Mean Std. Deviation
No of days February 28 1.00 28.00 14.5000 8.22598
Relative Humidity 28 90.00 97.00 94.3571 1.87012
Wind_Direction 28 30.00 360.00 208.2143 98.84719
Wind_ Speed 28 0.30 1.50 0.6893 0.31072
Rainfall 28 0.00 4.10 0.1607 0.77571
Dry Bulb Temperature 28 21.00 24.10 22,7714 0.72052
Volume of Water Collected 28 0.00 7300.00 641.7143 1497.01795
Valid N (listwise) 28

Table 5.Descriptive statistics on March 2017

N Minimum Maximum Mean Std. Deviation
No_of days March 31 1.00 31.00 16.0000 9.09212
Relative Humidity 31 89.00 96.00 93.8065 2.07235
Wind_Direction 31 15.00 310.00  209.1935 79.46799
Wind_ Speed 31 0.30 1.90 0.7290 0.33486
Rainfall 31 0.00 0.10 0.0032 0.01796
Dry Bulb_Temperature 31 21.20 24.40 23.2258 0.85283

Volume of Water Collected 31 0.00 7760.00  990.2258 2113.26694
Valid N (listwise) 31

Based on descriptive analysis, there are slightly difference between February and March 2017
found in both Table 4 and 5. Table 4 and 5 show the relationship between the influence of
meteorological effects which are relative humidity, wind direction, wind speed, rainfall and
dry bulb temperature with the volume of water collected on February and March 2017. As can
be seen in Table 4 and 5, volume of water collected on March 2017 has recorded the highest
mean with 990.2258 amount of water collected compared to the mean for volume of water
collected on February 2017 with only 641.7143. It may occurred because of different total
number of days on February and March 2017. On the other hand, it also may occurred due to

several meteorological factors such as relative humidity, wind direction, wind speed, rainfall
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and dry bulb temperature that can affect the volume of water collected on both February and
March 2017. From the result showed in Table 4 and 5, it can be seen that the mean of relative
humidity on February 2017 is 94.3571 which was more humid than on March 2017, 93.8065.
Besides, on February 2017, 208.2143 was recorded as the mean of wind direction while
209.1935 was recorded for March 2017. Both table also recorded the mean of wind speed
where the mean on March 2017 was faster than on February 2017 with 0.7290 and 0.6893
speed each of them. For rainfall, the mean of rainfall on February 2017 is 0.1607 which was
higher compared to 0.0032 mean of rainfall on March 2017. Next, the mean of dry bulb
temperature on March 2017 is 23.2258 which was higher than on February 2017 with only
22.7714. Therefore, although the mean of relative humidity and rainfall on February 2017
where higher than on March 2017, it cannot be ensure that the volume of water collected on
February 2017 were able to increase higher than March 2017. It is because there are another
meteorological factors or elements like wind direction, wind speed and dry bulb temperature
that might also contribute to the changes in volume of water collected. This shows that each

of the meteorological factors have their own role in maximizing the volume of water

collected.
Table 6.Correlations on February 2017
Relative Wind Wind  Rainfall Dry Volume
Humidity Direction  Speed Bulb of Water
Temperature Collected
Relative Pearson i
1 -0.049 -0.382 0.179 0.184 -0.063
Humidity  Correlation
Sig.
0.806 0.045 0.363 0.349 0.749
(2-tailed)
N 28 28 28 28 28 28
Wind Pearson
-0.049 1 0.219 0.191 -0.227 0.002
Direction  Correlation
Sig.
0.806 0.262 0.331 0.245 0.992

(2-tailed)




M. F. M. Amin et al. J Fundam Appl Sci. 2017, 9(3S), 844-857 854
N 28 28 28 28 28 28
Wind Pearson .
-0.382 0.219 1 -0.188 -0.046 0.153
Speed Correlation
Sig.
0.045 0.262 0.339 0.816 0.437
(2-tailed)
N 28 28 28 28 28 28
Rainfall Pearson
0.179 0.191 -0.188 1 0.101 -0.090
Correlation
Sig.
0.363 0.331 0.339 0.610 0.649
(2-tailed)
N 28 28 28 28 28 28
Dry Pearson
0.184 -0.227 -0.046 0.101 1 0.243
Bulb Correlation
Temperature Sig.
0.349 0.245 0.816 0.610 0.212
(2-tailed)
N 28 28 28 28 28 28
Volume Pearson
-0.063 0.002 0.153 -0.090 0.243 1
of Water  Correlation
Collected Sig.
0.749 0.992 0.437 0.649 0.212
(2-tailed)
N 28 28 28 28 28 28
Table 7. Correlations on March 2017
Relative Wind Wind Rainfall Dry Volume
Humidity Direction Speed Bulb of Water
Temperature Collected
Relative Pearson . .
1 -.352 -.390 .196 -.095 442
Humidity = Correlation
Sig.
052 .030 290 611 .013

(2-tailed)
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N 31 31 31 31 31 31
Wind Pearson .
-0.352 1 0.429 -0.337 -0.082 -0.214
Direction  Correlation
Sig.
0.052 0.016 0.064 0.661 0.249
(2-tailed)
N 31 31 31 31 31 31
Wind Pearson i .
-0.390 0.429 1 -0.016 -0.251 -0.196
Speed Correlation
Sig.
0.030 0.016 0.932 0.173 0.292
(2-tailed)
N 31 31 31 31 31 31
Rainfall Pearson .
0.196 -0.337 -0.016 1 0.125 0.403
Correlation
Sig.
0.290 0.064 0.932 0.503 0.025
(2-tailed)
N 31 31 31 31 31 31
Dry Pearson
-0.095 -0.082 -0.251 0.125 1 -0.054
Bulb Correlation
Temperature Sig.
0.611 0.661 0.173 0.503 0.774
(2-tailed)
N 31 31 31 31 31 31
Volume Pearson . .
0.442 -0.214 -0.196 0.403 -0.054 1
of Water Correlation
Collected Sig.
0.013 0.249 0.292 0.025 0.774
(2-tailed)
N 31 31 31 31 31 31
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4. CONCLUSION

This research need to be carried out because it is necessary for people especially in Jeli
district, Kelantan to know that atmospheric water harvesting is one of the useful alternatives
way to supply sufficient water. Based on the results obtained in this research, it can be
concluded that the cylindrical shape of atmospheric water harvester model is capable in
withstand any direction of strong wind resistance. This type of model design has been proofed
that it could harvest a high volume of water. It means that it has a large potential to be the
most suitable design of atmospheric water harvester in Malaysia. The meteorological factors
such as wind speed, wind direction, dry bulb temperature, relative humidity and rainfall have
gave a big impact in influencing the volume of water collection. The final result shows the
volume of water collected on March 2017 is higher compared to the volume of water
collected on February 2017. Obviously, with relative humidity above 90% and heavy rainfall,
the conditions are appropriate for harvesting a large amount of atmospheric water such as fog

and rain.
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