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Abstract: This study aims to determine the potential energy of gel polymer electrolytes from guppy
(Poecilia reticulata) fish waste for battery applications through different parameters. The parameters
include the number of fish, the number of days, and the battery’s longevity. This experiment is
underpinned by the concept of an electrical energy storage system of gel polymer electrolytes and
urea as an energy carrier. The ammonia secreted by fish contains NH4+ which has positive hydrogen
ion. The hydrogen ion in this element has the ability to produce electricity. This experiment involved
tests on different batches of fish, with 5,10 and 15 fish in each respective batch. The wastewater
samples were taken every two days, made into gel polymer electrolytes using agar, and inserted
into the battery. The output voltage was recorded using a voltmeter, and each battery showed an
increasing pattern of voltmeter reading against the number of days. For example, the highest voltage
output was produced by a battery that used the wastewater sample with 15 fish on the 10th day,
resulting in 0.45V. This is due to an increase of the amount of ammonia accumulated from fish waste
within that 10 days. Batteries with the highest outputs of voltage from respective of number of fish
were then taken for longevity test. The two weeks tests showed gradual decrease in the result due
to many factors, including the ionic transference number and the disassociation of ionic particles in
the electrolytes. The estimation of the battery longevity from water samples with 5, 10, and 15 fish
were 71.47 days, 27.82 days and 34.44 days, respectively. This study proves that the gel polymer
electrolytes from guppy, Poecilia reticulata has the potential to be used in batteries as an energy
source.
Keywords: Undergraduate research, ornamental fish, guppy, fish waste, gel polymer electrolytes,
battery.

Introduction
The world’s demand for energy resources has
increased tremendously to support the evergrowing modern industrial society on their
increasing dependency on technology (Cho et
al., 2015; Endo et al., 2017). It is unfortunate
that the non-renewable energy source, which is
fossil fuels, remains the core of global energy
and is depleting at a very fast rate (Lieberei
& Gheewala, 2017). The exploitation of
these resources are also accompanied by the
unsustainable method of harvesting that has
been proven to cause irreversible harm to the
environment in various occasions (Kongbuamai
et al., 2021). Therefore, renewable energy is an
appropriate response to these concerns and has
gained multiple stakeholders’ supports (Zou et
al., 2016).

Renewable energy-driven technologies
sourced from wind and solar have been
widely discovered. However, these evergy
resources are non-economical due to the high
cost incurred and service inability during ofsource periods (Mensah-Darkwa et al., 2019;
Zhang et al., 2014. Energy can be generated
from stationary electrical energy storage (EES)
systems as an alternative to impractical direct
energy conversion technologies. Among various
EES systems, electrochemical storage such
as batteries has an advantage in being more
efficient than the other systems because it is
more practical for customer usage (Cho et al.,
2015). There are many potentials of innovation
through this system as the separator part in the
battery that carries the energy sources can be
substituted with various types of electrolytes
(Song et al., 1999). As a result of Stanford
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University's research, low-cost batteries with
electrolytes made from urea from fertilizers
have been developed. It has proven its potential
to replacethe conventional storage system of
energy (Jackie, 2017).
The usage of urea as an energy carrier
might become the remedy for the problem of
cost and availability in nature compared to
the others. Urea can be found in fish waste as
the fish excrete ammonia (Francis-floyd et al.,
2012; Meade, 1985). Specifically,ammonia
exists when nitrogen and hydrogen elements
are bonded together. The hydrogen elements
in the waste can be converted into energy and
have the potential to produce electricity (King &
Botte, 2011). Fish waste that contains ammonia
may also contribute to the nitrogenous wastes
in the environment when it is accumulated and
not appropriately addressed (Kawasaki, 2016;
Lazzari & Baldisserotto, 2008).
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Due to the increase of nitrogenous waste
in the environment, the waste management of
farm fish has gained concerns from stakeholders
as the industry continues to grow from various
perspectives, specifically for the ornamental
fish. Ornamental fish are gaining popularity
as their economic value rises year after year.
Therefore, the farmers are constantly looking
for ways to maximize their production with
minimal space and resources that might lead
to the high concentration of nitrogenous waste
in the water ecosystem when thrown away
(Livengood & Chapman, 2007; Ng, 2016), as
high ammonia concentration can potentially be
utilized as energy sources, and if practised, the
waste from the industry can be reduced. Thus,
the purpose of this research, which focuses on
the potential energy of gel polymer electrolytes
from ornamental fish, is to demonstrate the
viability of using fish waste as a source of
energy for battery applications and to assess its
longevity (Cho et al., 2015; Lan et al., 2010;
Zamfirescu & Dincer, 2009).

Materials and Methods

Figure 1: The experimental setup

Figure 1 shows the experimental setup for
this study while tending the fish for ten (10)
days. The number of fish used were five (5), ten
(10) and fifteen (15) fish per tank. The size of the
tank, volume of water and quantity of feed per
fish are fixed, where the dimensions of the pails
were 20cm in height, with 17 cm opening and
16 cm base width with volume of water being

set as 4.6 litres and the amount of feed given
is 3% over the fish weight, twice daily. Smallsized Poecilia reticulata with body lengths of
2 to 3 centimetres were used during this study.
The water was not changed during the tending
period until sample water has been taken. In
addition, 75 ml wastewater was taken every two
days to be made as gel polymer electrolytes for
the battery.
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Figure 2 shows the battery design used in
this study. The anode electrodes are made from
aluminium and the cathode electrode are made
from copper. The casings are cylinder-shaped
with a diameter of 2.5 cm and height of 15
cm. The gel polymer electrolytes consist of 25
ml wastewater with 0.5 grams of agar powder.
Both ingredients were mixed, heated for the
agar to melt, and mixed with the rest of 46ml
of wastewater for the battery. Initial 25 ml was
taken for the agar mixture to reduce the heat loss
during heating process. Next, the mixtures were
poured and rested in room temperature until
the gel hardens. The batteries were then sealed,
and the voltmeter readings of the battery were
recorded.
The battery’s energy output was recorded
using a voltmeter following the study’s
objectives using different fish and number of
days as the studied variables. The batteries
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with the highest voltage output values from
the respective number of fish were taken for a
longevity test for 14 days.The battery’s voltmeter
readings for every two days were measured
using digital multimeter Pro’s Kit MT-1820. The
readings were taken on 5 different days from
each tank of fish, specifically on the 2nd , 4th ,
6th , 8th and the 10th day. The samples were also
taken from the tank with the following number
of fish; five (5), ten (10) and fifteen (15). Three
readings were recorded for each sample and the
average is taken for further analysis. The data
were tabulated and expressed to estimate the
longevity of each battery. Hypothetically, as the
number of days and fish increases, the voltmeter
reading will increase due to the increase in the
amount of waste excreted, indicating higher
energy stored in the battery. T-test analysis
with alpha value range of 0.05 (α = 0.05) was
conducted using Microsoft Excel for this study
to compare the significant differences between
each of the group.

Outside view

Inside view

Figure 2: The battery design
Results and Discussion
The output voltage of the battery
The result of output voltage from all types
of batteries was recorded and is illustrated in
Figure 4. From this figure, the result of each
battery can be differentiated. The battery results
for wastewater from the tank with five fish (5)
are represented in blue. The orange-coloured bar
in Figure 4 represents the result for the battery

from the tank with ten fish (10) wastewater
sample. At the same time, the grey coloured
column represents the result for the battery
from the tank with fifteen fish (15) wastewater
sample. The results indicate that the highest
output voltage readings for all wastewater
sample-based batteries was yielded on the 10th
day, which is 0.45V. Overall, the output voltage
for all batteries gradually increased as the
number of days increases.
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Moreover, the p-value of the T-test against
each type of battery is also significant. For
example, the p-value from the t-Test result of
analysis of wastewater taken from 5 fish against
ten(10) fish is 0.019189, 5 fish against fifteen
(15) fish is 0.000429, and lastly, ten (10) fish
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against fifteen (15) fish resulted in a p-value
of 0.013763. These results show a significant
difference between all types of batteries when
compared to each other. Therefore, three
batteries with the highest output voltage are
chosen for the longevity test.

Figure 3: The output voltage of the batteries of five (5) fish, ten (10) fish and fifteen (15) fish against the
number of days

Longevity test
Figure 5 shows the result of the longevity test for
three batteries. From the figure, the readings of
each battery differ as depicted in the pattern. The
battery that used wastewater from five(5) fish
samples as the gel polymer electrolytes yielded
battery readings that fluctuated for the first six
(6) days before becoming constant. Meanwhile,
for the battery that used wastewater from ten
(10) fish samples,the reading rose to 0.48V on
the second day and gradually decreases after
that. Lastly, the battery that used wastewater
from fifteen (15) fish samples as the separator
gradually decreases against the number of days. .
It can also be seen that the batteries’ final readings
are close to one another, which are 0.241V,
0.217V, and 0.218V for five (5) fish, ten (10) fish
and fifteen (15) fish battery respectively. The
T-Test statistical analysis comparing the output
voltage by different types of battery against the
number of days showed significant difference

between each battery used. The p-value of five
(5) fish battery against ten (10) fish battery is
0.03064, five (5) fish battery against fifteen (15)
fish battery is 0.00223, and ten (10) fish battery
against fifteen (15) fish battery is 0.00127. The
significant p-values proved that the number of
fish affects the output voltage of batteries.
Furthermore, statistical data analysis was
also run for each output voltage result against
the number of days. The p-values are mostly
insignificant for the result of output voltage in
four days, and the significance started to show
as the lifetime of the battery increases. For
references to prove this pattern, the highest
p-value recorded was the p-value of batteries
output voltage on the 4th days against the output
voltage of the 10th day, which is 0.46031. In
contrast, the lowest p-value was recorded
between the output voltage of day twelfth (12)
against day 0, which resulted in 0.00442.
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Figure 4: The comparison on longevity test of the battery

With two differentiating variables, the
battery’s energy output was successfully
measured from the wastewater of Poecilia
reticulata species that were tended for ten (10)
days.. The first two variables used to observe
the electrical output were the number of fish
and the number of days. According to Figure 4,
the output voltage pattern against both variables
was the same, with output voltage readings
increasing linearly. This is because as the days
passed, the decomposing wastewater and fish
food gradually produced ammonia. The amount
of ammonia secreted, which contains bonded
nitrogen and hydrogen molecules, increased
with waste accumulation. Hydrogen in the waste
can be converted into energy and the ability to
produce electricity. In this practice, ammonia
from fish waste can be utilized as another
energy source, and if practised, the waste from
the industry can also be reduced. Factors such
as the size of fish, number of feed, time for
feeding and amount of water used could affect
the amount of waste in the water(Edeghe &
Ajah, 2018). For such reasons, these influencing
factors were controlled in this study to ensure
better results. The findings proved that electrical
energy could be generated by using gel polymer
electrolytes obtained from guppy, Poecilia
reticulata fish waste. The number of days of
waste accumulation significantly affected the
production of energy from the battery.

Figure 5 shows that all three batteries’
longevity test readings showed insignificant
reading changes within the interval days.
Simultaneously, the battery’s longevity from
gel polymer electrolytes can also be estimated
through the linear equation. From the estimation,
the battery with five (5) fish wastewater sample
as the gel polymer electrolytes can last up to
71.47 days, the battery of ten (10) fish wastewater
sample with can last up to an estimation of 27.82
days, and lastly, the battery that used the fifteen
(15) fish wastewater samples up to 34.44 days.
Based on the pattern, it can also be seen that as the
number of fish increases, the particles of positive
ions in the electrolytes can be more unstable as
the days passed. There are many factors of how
the energy can be lost, such as the influence
of other foreign particles, temperature and the
ionic strength of the fluid to the electrical current
(Cho et al., 2015; Song et al., 1999; Zhang et
al., 2014). Moreover, the movement of electrical
charges between the cathode and anode of the
battery will continue to take place even when
the electrolytes are stored in the battery. Other
than that, electrolytes’ conductivity also depends
on other properties such as ionic transference
number and ion mobilities, structure formation
by ion association and solvation, and viscosity
and state of matter.
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Conclusion
In conclusion, the voltage output from the fish
waste of Poecelia reticulata produced different
results based on the number of fish (which
N=5,10,15) with the highest voltage recorded for
the battery that used fifteen (15) fish wastewater
sample as the gel polymer electrolytes that
produced 0.45V on the 10th day. The longevity
test results showed that the battery that used
five (5) fish wastewater samples would last the
longest with the estimation of 71.47 days. Thus,
it can be concluded that the energy output of
batteries was dependent on the number of fish
and the period of time.
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