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Abstract: Nowadays, the world is confronting the increasing energy demand, reduction of emissions
and security of energy supply. The high energy demand leads to a severe problem, and we need
to reduce the usage of non-renewable energy to avoid adverse climate change. Thus, renewable
energy is an important role obtained from the natural environment and can be replenished naturally
from those sources without environmental degradation. Water energy is one of the most promising
renewable energy sources today, especially in the aquaculture industry. Hydropower played a vital
role in producing large scale power and electricity. This study was set up to determine the electrical
energy output depending on the different sizes and shapes of tanks. It is also to measure the water
flow rate based on different size and shape tanks. Besides, the Pelton type of water turbine generator
micro-hydroelectric DC 12V output was used in this experiment. Two types of tanks (rectangular and
circular) with three different sizes (0.5 ton, 1.0 ton and 2.0 ton) were tested to measure high value of
output energy (V) and flow rate (m?/s) by using clear water and wastewater. The result significantly
shows that the circular tank had a higher water flow rate and output energy than the rectangular
tank due to higher gravitational force, where the outlet placed in the middle and edge of the tank,
respectively. The finding of this study benefits the aquaculture industry, where it introduced an
alternative and cheaper method of reusing wastewater, reducing the cost maintenances and enhancing

the profit of the business.
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Introduction

Energy is an essential component in our daily
life including agriculture, telecommunication,
industrial activities and transportation that
influence the economic growth as well as
being significant in explaining the Industrial
Revolution 4.0 (Thank er al, 2012; Allen,
2009). Nowadays, the human had created a
various mechanism of energy production.
The development of the economy in Malaysia
is based on a continuous supply of energy
(Bai et al.,, 2016). Consequently, it infers that
any conservation policies or shock to energy
supply will have an adverse effect on economic
growth, which means that economic growth is
dependent on electricity consumption (Quispe
et al., 2017). Energy consumption plays a

very significant role in economic growth and
socio-economic development in developing
countries (Masuduzzaman, 2013). Thus,
energy is categorized into two categories which
are renewable energy and non-renewable
energy. According to Renewable Energy Act
2011, renewable energy means energy can be
obtained naturally from the environment and
non-depleting the indigenous resources. There
are various ways to generate energy to produce
electricity such as wind, solar, water, geothermal
and biomass as shown in Table 1. Besides, non-
renewable energy can also be referred to as
natural resources that cannot be regenerated and
can only be used once in a lifetime, for example,
charcoal, oil, natural gas and nuclear.
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Table 1: Electricity generations from renewable
energy (Dragu et al., 2001).

Methods of Power Generation Proportion of

Renewable
Large hydro (>10 MW) 86 %
Small hydro (< 10MW) 83 %
Wind and solar 0.6 %
Geothermal 1.6 %
Biomass 35%

Rakob (2010) points out that Malaysia
heavily depends on hydropower, which is
the most promising renewable energy for the
electricity ~ generation sector. Hydropower
or hydroelectricity known as water energy
renewable which is the clean and eco-friendly
source of power generation. Now, hydropower
played a significant role in producing large-scale
power and electricity (Prado ef al., 2016; Bartle,
2002) with a substantial amount of hydropower
resources and potential hydropower around
29,000 MW (Leo-Moggie, 2002). According
to Delucchi and Jacobson (2013), the primary
benefit of hydropower is meager in operating and
maintenance costs and a high level of reliability
and efficiency. Hydropower is a power that is
derived from moving water through a turbine,
which turns a generator and produces electricity
(Khurana & Kumar, 2011; Aziz & Azli, 2018).
Castalia (2003) and Sritram (2015), mentioned
that the amount of electricity could be produced
depends on the quantity of water passing through
a turbine, speed of turbine rotation and the height
from which the water ‘falls’ (head). The greater
the flow and the head, the more electricity
will be produced. Hydroelectricity contributes
around 2.8% (2000 MW) of Malaysia’s total
electricity requirements and providing 6% of
world energy supply (Pimentel, 2008). The oil
and gas will reduce in a few years. Therefore,
it is so important to find any possible ways to
produce electricity, which may decrease oil and
gas usage.

In terms of aquaculture field, water energy
is important with viable results and particularly
when utilized in the extensive size of the
aquaculture project (Skoglund et al., 2010). This
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is an efficient and economical way to produce
electricity due to low maintenance costs. By
reusing the effluent produce from the fish tank,
it can be used to generate electricity (Walker
et al., 2012). At the same time, it will help the
farmers to increase the production profit and
also reduce the maintenance cost such as utility
bills. Finally, the Pelton type of turbine was
used to produce electrical power through clean
and wastewater with 60% to 84% efficiency in
this project. The speed at which a Pelton turbine
rotates will be determined by both the flow rate
of water directed into its buckets and the load
into which it is feeding. If the load falls, the
turbine will speed up by controlled the flow-
through from nozzles (Cobb & Sharp, 2013;
Trumbo et al., 2014). This study was carried out
with two significant objectives, which measured
the water flow rate and the electrical energy
(voltage) output based on different shapes and
sizes of tanks.

Materials and Methods
Materials and Apparatus

There were three phases of method used in
this project. In this phase, the equipment and
instrument used were Polyvinylchloride (PVC)
pipe, two types of tank, which are circular and
rectangular taken from Universiti Malaysia
Terengganu’s PPSPA freshwater hatchery.
Besides, the Pelton turbines type of turbine was
design as portable in this project as shown in
Figure 1. According to Cobb and Sharp (2013)
and Trumbo et al. (2014), investigate that its
capable of achieving up to 60%-84% efficiency
and output performance depends on the percent
of actual flow to design flow. Clean water,
wastewater, multimeter and stopwatch are
essential instruments in this project.

Figure 1: Portable turbine (Pelton type)
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Experimental Design and Layout

The second phase of this project was an
experimental design. This phase was related
with the first objective which measured the
water flow rate based on the shape of the tank
with different sizes of tanks. Each shape of the
tank had three size tanks with a different density,
which were 0.5 ton, 1.0 ton and 2.0 ton. Thus,
the six tanks were prepared by filled wastewater
and clean water as control with different. The
size of the tanks was shown clearly with the

measurement in Figure 2.

153cm x 34cm x 75cm

Height = 100cm
Diameter =80cm

Height = 100cm

| 183cm x 91cm x 61cm |
Diameter =113cm

213 x 123cm x 80cm

Height = 100cm
Diameter =160cm

Figure 2: Rectangular and circular tank with
different size of tanks

Firstly, the equipment and instrument were
set up as shown in Figure 3. As the water flows
in a downward direction from the tank (outlet),
gravity will produce pressure in the pipeline that
is usually relieved by pressure-reducing valves.
The stopwatch was started once the valve is
open (outlet). Thus, the velocity of water flow
was calculated by using equation (1) below. The
clean water and wastewater were run thrice to an
obtained average value.

Q=A*V
Where,
Q = water flow (I/min, I/s, m*/s, cm%/s)
V = water velocity (m/s)

A = cross-sectional area of where the water
is flowing. For full pipes, the cross
sectional area will be the interior cross-
section of the pipe

(Lekang, 2007)

The velocity of flow rate was calculated
and recorded in different sizes and shapes
and the diagram as shown in Figure 2. At the
same time, the second objective was achieved,
where the force exerted by the water flow on the
blades causes the turbine to rotate. The rotation
of the turbine is converted into electricity by a
generator. Thus, the average value of electrical
energy production (voltage) from water flow
was analyzed and recorded.

Stop Watch
[—

Multimetre

| Connector

Portable Tﬁ;gi;e

Figure 3: Experiment design of the project

Statistical Analysis

In this experiment, all the data were taken
and subjected to the normality test. The data
were analyzed by the correlation between
different sizes and shapes of tanks and voltage
produced from the water flow. The normality
test was tested using the Shapiro-Wilk test to
determine the normality distribution of the water
sample. Mean of the water treatment tested for
significant difference by two-way ANOVA
followed Tukey’s post-hoc test by using the
latest version of the SPSS Software Version
23 (Glover & Mitchell, 2004; Laerdsstatistics,
2018). The data presented through text, figures
and tables are mean + standard deviation and
statistical significance for all statistical test were
set at p <0.05.
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Results and Discussion
Reading Descriptive

The voltage and flow rate reading for each shape
with different sizes of the tank is shown in Table
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2. For this study, two-way ANOVA and Tukey’s
test were carried out to determine whether there
was a statistically significant difference (p<0.05)
with mean =+ standard deviation, where standard
deviation represented as error bars.

Table 2: The voltage and flow rate reading for each shape with different size of the tank

Rectangular Tank

Circular Tank

0.5 ton P value
1.0 ton 2.0 ton 0.5ton 1.0 ton 2.0 ton
Voltage . b b
V) 0.242+0.114° 0.422+0.225 0.594+0.306¢ 0.259+0.115° 0.469+0.233 0.635+0.325¢ 4.48E-08
Clean
water - )
(CC)\rllvnr/;e 1188.62+7.12*  1580.65+10.08" 2383.83+12.42¢ 1208.78+11.78* 1601.75+10.38" 2465+7.64¢ 3.10E-22
Voltage a b 13 a b c
V) 0.229+0.119 0.417+0.240 0.590+0.288 0.245+0.117 0.460+0.261 0.602+0.329 3.96E-08
Waste
water o rate
(cm?/s) 1129.63+14.07°  1509.15+14.83">  2260.00+20.04¢ 1160.13+8.06° 1534.55+7.18"  2375.33+10.18°  1.28E-20

Water Flow Rate Reading

Flow rate reading for clean water and
wastewater in a rectangular tank based on size

The graph was plotted using flow rate (cm?/s)
of different water treatments against a different
size of tanks. From the graph, 2.0 ton have the
optimum water flow rate value compared to
0.5 ton and 1.0 ton. The flow rate in 0.5 ton
was 1188.62+7.12cm’/s in clean water and
1129.63+14.07cm’/s in wastewater followed
by 1.0 ton with 1580.65+10.08cm’/s in clean
water and 1509.15+14.83cm?/s in wastewater.
The highest water flow rate value of clean and
wastewater was for 2.0 ton were 2383.83+12.42
cm’/s and 2260+20.04 cm’/s respectively. It
showed that there is a significant (p<0.05)
between both water treatments based on the size
of the tank.

Water flow rate reading for clean water and
wastewater in the circular tank based on size

The total reading of water flow rate in different
size tank of circular shape tank for each treatment
is shown below in Figure 5. The reading of the
water flow rate for both water treatment was

significantly different (p<0.05) based on the size
of the tank. 2.0 ton has the highest and optimum
water flow rate value compared to other tank
sizes. The result showed the water flow rate
in 2.0 ton were 2465+7.64cm’/s in clean water
and 2375.33£10.18 cm?®/s in wastewater, this
followed by 1.0 ton with 1601.75+£10.38 cm?/s
in clean water and 1534.55+7.18 cm’/s in
wastewater. However, 0.5 ton had the lowest
water flow rate reading of clean and wastewater
in circular, where 1208.78+11.78 cm®/s and
1160.13+8.06 cm’/s respectively.

Rectangular Tank

2383.83
2500 = 2260

-
2000
1580651509 15

1188.621150 63 B Clean water

- m Waste water
1000

B I

o

0.5 Ton 1.0Ton 2.0Ton

Reading of flow rate,cm’/s
=
@
3
S

Size of tank

Figure 4: Flow rate reading for clean water and
wastewater in a rectangular tank based on size
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Circular Tank
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2 o
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g
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Figure 5: Water flow rate reading for clean water and
wastewater in a circular tank based on size.

Water flow rate reading for clean water and
wastewater based on the shape of tanks

Figure 6 showed the total water flow reading of
different water treatments based on the shape
of the tank with three different sizes of tanks.
From this figure, it can be clearly observed that
the clean water treatment in the both shapes of
the tank with three different sizes showed the
highest reading of water flow rate compared
to wastewater at (p<0.05) significance level.
The result showed the flow rate of clean water
in the rectangular and circular tank of 0.5 ton
were1188.62+7.12 cm’®/s and 1208.78+11.78
cm’/s respectively, this followed by 1.0 ton
with 1580.65+£10.08 cm’/s in rectangular and
1601.75+10.38 cm?/s in a circular. For 2.0 ton,
the highest water flow rate reading of clean water
in rectangular and circular were 2383.83+12.42
cm’/s and 2465+7.64 cm?/s, respectively. Based
on the graph, the water flow rate of wastewater
in the rectangular and circular tank of 0.5 ton
were 1129.63+14.07 cm’/s and 1160.13+8.06
cm’/s respectively, meanwhile, 1.0 ton were
with 1509.15+£14.83 cm’/s in rectangular and
1534.55+7.18 cm’/s in circular. The highest
water flow rate reading of wastewater was
recorded in 2.0 ton, where 2260+20.04 cm?/s
in rectangular and 2375.33+£10.18 cm’/s in a
circular.

3000

2465

2500 2383.83 2375.33

2260 —

2000
!
1580.6: 1601.73 1509.19 153259
1500
11886 12087 1129.6 1160.1
- I I I I
0

rectangular

m05Ton

m10Ton

Reding of flow rate,cm?/s

8

®2.0Ton

o
8

circular rectangular circular

Clean water Waste water

Shape of tank

Figure 6: The water flow rate reading of different
water treatments based on the shape of the tank with
different sizes

Voltage Reading

Voltage reading for clean water and wastewater
in a rectangular tank based on size

The graph was plotted using voltage reading
(V) of different water treatment against a
different size of tanks shown below. From the
graph, 2.0 ton has the highest voltage value
compared to 0.5 ton and 1.0 ton. The voltage
in 2.0 ton was 0.594+0.306V in clean water
and 0.590+0.28V in wastewater followed by
1.0 ton with 0.42240.225V in clean water
and 0.41740.240V in wastewater. The least
voltage value of clean and wastewater was in
0.5 ton with 0.242+0.114V and 0.229+0.119V,
respectively. It showed that there is a significant
(p<0.05) between both water treatments based
on the size of the tank.

Rectangular Tank

0.594 059

0

0.422  0.417

S

™ Clean water

w

0242 029
H Waste water

~

Reading of Voltage,V
o o o o

o ¢
o

0.5Ton

1.0Ton
Size of tank

2.0Ton

Figure 7: Voltage reading for clean water and
wastewater in a rectangular tank based on size
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Voltage reading for clean water and wastewater
in the circular tank based on size

From the graph, it was clearly shown that the
reading of voltage both water treatments was
significantly different (p<0.05) based on the
size of the tank. As shown in Figure 8, the 2.0
ton has the highest and optimum voltage value
compared to other sizes. The result showed the
voltage in 2.0 ton were 0.635+0.325V in clean
water and 0.602+0.329V in wastewater followed
by 1.0 ton with 0.469+0.233V in clean water
and 0.460+0.261V in wastewater. Meanwhile,
0.5 ton had the lowest voltage reading in clean
water and wastewater, where 0.259+0.115V and
0.245+0.117V respectively.

Circular Tank

1)
<

0.635
0.602

|

2.0Ton

)
o

0.469 0.6

y

1.0Ton

)
[

)
=

0259 45 ¥ Clean water

Reading of voltage ,V
o
&

=)
o

B Waste water

1)
i

0
0.5Ton

Size of tank

Figure 8: Voltage reading for clean water and
wastewater in a rectangular tank based on size

Voltage reading for clean water and
wastewater based on the shape of tanks with
different size

Figure 9 showed the total voltage reading of
different water treatments based on the shape
of the tank with three different sizes of tanks.
From this figure, it can be clearly observed
that the clean water treatment in both shapes of
the tank with three different sizes showed the
highest voltage reading compared to wastewater
at (p<0.05) significance level. The result showed
the voltage of clean water in the rectangular and
circular tank of 0.5 ton were 0.242+0.114V
and 0.259+0.115V respectively, this followed
by 1.0 ton with 0.422+0.225V in rectangular
and 0.469+0.233V in circular. For 2.0 ton, the
optimum voltage reading of clean water in
rectangular and circular was 0.59440.306V and
0.635+0.325V, respectively. Based on the graph,
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the voltage of wastewater in the rectangular and
circular tank of 0.5 ton were 0.229+0.119V and
0.245+0.117V respectively, meanwhile, 1.0 ton
were with 0.417+0.240V in rectangular and
0.460+0.261V in circular. The highest voltage
reading of wastewater was recorded in 2.0 ton,
where 0.590+0.288V in the rectangular tank and
0.602+0.329V in a circular tank.

0.7 0.635
0.594 0.59 0.602

)
o

0.469 0.46
0.422 0.417,

=)
[

S

®0.5Ton
0.242 0.259 0.229) 0.245,

LT

rectangular

w

®1.0Ton

Reading of voltage,V
o © o ©
o

®2.0Ton

o

circular rectangular circular

Clean water
Shape of tank with different size tank

Waste water

Figure 9: The voltage reading of different water
treatments based on the shape of the tank with
different sizes

Energy is one of the prime driving force for
the socio-economic development of a country
(Huda et al, 2014). According to Hossain et
al. (2018), round 81.1% and 80.1% of the total
world primary energy were produced from the
burning of fossil fuels respectively in 2014 and
2015. The consequence of this result showed that
global greenhouse gas emission is increasing
gradually and depleting natural resources.
Thus, most countries in the world are now
moving towards renewable and environmentally
friendly energy resources for electricity
generation, especially Malaysia. The best
alternative method to generate electricity is
hydropower, where it is a clean and cheap
source of electricity (Mondal et al., 2014; Iliadis
& Gnansounou, 2016). For the aquaculture field,
energy consumption is focused on electrical
energy for running the aquaculture system like
aeration, filters, circulating and replacing the
water in the tank (Neori ef al.,, 2004). Thus, the
production of electricity from water flow in the
fish tank was showed significant for the reading
of voltage and flow rate in three different sizes
of tank based on the shape of the tank.

Masal6é Llora (2008) pointed out that the

Universiti Malaysia Terengganu Journal of Undergraduate Research

Volume 2 Number 1, January 2020: 21-30



PRODUCTION OF ENERGY FROM WATER FLOW OUTPUT IN FISH TANK 27

geometry of a circular tank is very common
in aquaculture because it gives a more
homogeneous distribution of dissolved oxygen
and metabolites, high stable flow patterns and
better self-cleaning features compared to the
rectangular tank. The water flow rate also
wholly dependent on gravity, where the water
flow in the circular tank flows through the outlet
in circular motion compared to the rectangular
tank. Thus, the water flow rate in circular thank
higher than rectangular and at the same time
produce a high range of voltage. Bigger the size
of the tank, higher the water flow rate recorded
compare to the small size of the tank. Moreover,
it is clearly seen that clean water recoded higher
average voltage compared to wastewater. This
can be justified by recent studies, in which
wastewater contains high organic and inorganic
matters in a fish tank (Camera-Roda et al,
2019). Organic and inorganic matters such
as feces, debris, nutrients, suspended solids,
and microbial activity. For instance, microbial
activity is affected by many factors, likewise,
pH of wastewater, operation condition, and
viscosity which in turn influence the production
of voltage in wastewater (Wang et al., 2008;
Rathour et al., 2019; Shah et al., 2019). This
may cause the water flow discharge from the
fish tank slower and generated low voltage
compared to clean water.

Besides, the average voltage output of a
circular shape tank with three different sizes in
clean water and wastewater was higher than the
rectangular tank as shown in Figure 9. According
to Moran (2018) stated that the outlet of any
size of the circular tank must be standardized at
center and rectangular at the edge of the tank due
to center of gravity. The water will drain towards
the lowest point in a tank. The smaller the low
point, the more efficient the outflow of water. In
addition, the wastewater had low voltage than
clean water between shape and sizes tank. This
is because the effluent contains debris, uneaten
feed and algae that might be stuck during the
outflow of water. Thus, circular is the best and
efficient shape that produced a large amount of
voltage in the fish tank.

Conclusion

In conclusion, the research entitled production of
energy from water flow in the fish tank had been
completed. The objectives of this experiment
were achieved by measured the water flow rate
and energy output (voltage) based on the shape
of the tank with different tank sizes. The result of
the experiment showed that clean water has the
highest voltage and water flow rate value than
wastewater between the shapes of the tank with
different size of the tank. The circular fish tank
has the highest value compared to the rectangular
fish tank with 0.6354+0.325¢ and 2375.33+10.18°
respectively. Moreover, the bigger the size of the
fish tank, the higher the energy output recorded
because of cleaner and wastewater discard from
the outlet. Thus, the wastewater that discards
the fish tank can be utilized to generated
electricity in the aquaculture sector. Other than
that, this concept can be used in an inlet and
outlet of the Recirculating Aquaculture System
(RAS) tank to create more and efficient energy.
For future studies, some improvements and
suggestions can be done to the experiment on
the production of electricity by using renewable
energy. For instance, using a high technology
digital multimeter to record the voltage value
specifically. The next recommendation is to
use a flow meter to record the water flow rate
digitally, which can minimize the possible errors
in obtaining raw data. Another suggestion that
might be useful is choosing of the turbine. A
high technology turbine can produce efficient
voltage to produce electricity.
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