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1. INTRODUCTION

Fish is a food requirement that is a source of protein and nutrients that is widely consumed by the
public [1]. Based on Food and Agriculture Organization (FAO) data, the growth in world fish consumption has
currently reached 20.5 kg per capita [2]. One country that has large fisheries resources is the Republic of
Indonesia which has a vast maritime area, its sea area reaches 5.4 million km? [3]. Indonesia has around 8,500
types of fish [4] and based on data from The Ministry of Maritime Affairs and Fisheries (KKP) in the Republic
of Indonesia in 2020, they have reported that the country produced 23.16 million tons of fish, with around 8
million tons (33.26%) coming from fisheries that caught in the sea. The amount of fish caught has been
increasing every year due to rising export demands and public consumption [5].

Indonesia's abundant marine wealth makes many residents work as fishermen, including traditional
fishermen [6]. Traditional fishermen use simple fishing technology. Operational cruising capability is limited
to the waters around coastal areas, this condition makes it impossible for them to have a refrigerator [7]. Many
traditional fishermen employ the simple method to preserve the freshness of their caught fish. Usually,
traditional fishermen implement cooling techniques by using ice boxes or ice cubes. This method can help
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maintain fish freshness, but it does not completely kill the bacteria and stop enzymatic activity [8]. The
fundamental purpose of fish refrigeration is to slow down bacterial metabolism, prevent bacterial growth, and
ensure that the fish does not rot or deteriorate [9]. Storing fish with wet ice, ice boxes, or ice blocks in a cool
box or conventional thermos is ineffective because the ice melts quickly. Traditional fishermen often spend the
whole day at sea with a limited supply of wet ice. The weight, cost, and dimensions of ice make it very difficult
to carry a lot of ice on fishing vessels, so the fish they catch can experience a decline in freshness quality [10].
Sometimes, traditional fishermen also add salt to the wet ice and fish to preserve the fish for longer, but this
can change the taste of the fish, making it saltier, which is not a good concept [11].

Indonesia’s fishing industry is facing a quality issue despite an increase in production. Usually, the
fish caught are often stored for several hours in the fishermen's boat cargo, which leads to a decrease in the
freshness of the fish. As a result, the quality of the fish caught does not match up with the increased production
[12]. Fish have a water content that is quite high, reaching 60-70%, this makes the fish quickly undergo a
rotting process [13], [14]. Fish that are no longer fresh have a lower price than fish that are still fresh [15], [16].
Concrete evidence can be seen in several types of fish in markets in Lampung [17], Kulon Progo [18], and
Ambon [19], the price of fish that is no longer fresh can drop to half the normal price. The reality of this
condition also occurs for fishermen in Glagah Beach, Jatimalang Beach, Baru Beach, and Logending Beach.
Many of the fish brought by fishermen from the sea are not yet fresh. When the fish is on land for several
hours, the price of the fish decreases drastically because the quality decreases.

On the other hand, there is refrigerated sea water (RSW) as a cooling technology that uses a
mechanical refrigeration system to preserve the fish. The technology employs low temperatures to inhibit
enzyme and microbial activity [20]. Refrigeration will extend the shelf life of fish. At a temperature of
15-20 °C, fish can be stored for up to about two days, at a temperature of 5 °C fish will last for 5-6 days. The
temperature commonly maintained during the fish storage process ranges from 0-5 °C because fish will be
fresh for 9-14 days [21]. The RSW technology, while promising, comes with a hefty investment cost for its
initial setup, operation, and maintenance. Moreover, using non-environmentally friendly fossil fuels to operate
is also a weakness of this technology [22]. In addition, Indonesia has excellent potential for renewable energy,
particularly solar energy, owing to its geography and natural conditions. However, the potential of solar energy
has not been utilized optimally due to the limited availability of energy conversion technologies [23], [24]. To
address this issue, researchers are planning to design and manufacture a solar-powered fish storage device.
This research developed a solar-powered fish cooling system as an affordable, environmentally friendly, and
efficient solution to maintain the freshness of fish caught by traditional fishermen. It utilizes the abundant
renewable energy in Indonesia to overcome the challenges of preserving fish quality during fishing trips at sea.
This system is more sustainable compared to conventional cooling systems that use fossil fuels, with affordable
investment and operational costs for traditional fishermen.

2. PROPOSED METHOD

Cool boxes are insulated boxes used to store food or to store materials that require other cold
conditions such as fish, juice, vaccines, blood, and so on [25]. The cool box innovation technology that will be
made has the main components in the form of solar photovoltaic, thermoelectric cooler (TEC), charge
controller, Arduino UNO, and shock device. To utilize solar energy, in this study, the cool box developed will
use solar photovoltaic. This component uses the sun directly as an alternative energy source to replace fossil
energy that can be stored in batteries [26]-[28]. The energy conversion system converts solar energy into
electricity by using semiconductors, the conductivity of semiconductors widely known as PV cells [29]. Some
materials exhibit a property known as the photoelectric effect that causes solar photovoltaics to absorb photons
of light and release electrons. When these free electrons are captured, an electric current is generated which
can be used as electricity [30]. In general, energy-generating modules are connected in series and parallel to
obtain the desired current, voltage, and power values [31]-[33].

The other main components are thermoelectric cooler (TEC) also named Peltier cooler or
thermoelectric module. TEC is a semiconductor-based electronic component that works as a heat pump by
transferring heat from one side to another side of the device and producing a heating or cooling effect [34].
TEC works with a Peltier effect that transfers heat from one side of the device to the other side [35]-[36].
Researchers chose TEC because TEC has been widely used. Moreover, it has the advantages of being easy to
operate and light [37]. In addition, TEC has no moving parts, uses no working fluid, does not involve chemical
reactions, and produces no emissions [38], [39]. TEC has seen beck principle, the side of the Peltier element
that gets cold or hot depends on the direction of the DC current flowing from the source [40].

Furthermore, this study used a charge controller as an electronic device to regulate the direct current
which is charged to the battery and taken from the battery to the load. This tool plays a role in regulating
overcharging (excess charging because the battery is fully charged) and excess voltage from certain sources
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[41]. Then, the electrical control used in this research is Arduino UNO. It is a microcontroller board based on
the ATmega328 [42]. This component can support automatic control of the device and can be connected to a
computer using a USB cable [43]. The ATMega328 performs data processing and notifications, commands are
displayed on the LCD as notifications via the display layer and a buzzer as a notification indicator [44].

Not only are the main components for cooling fish, but the main component of killing bacteria in
fish using electric shock can also be a feature to prevent fish from decay. Electric shock devices can help
maintain fish freshness while fishermen are out at sea by using electric shock devices that have a voltage of
up to 2,500 volts [45]. A non-thermal food preservation method is to use a high-voltage electric shock, often
called a pulsed electric field (PEF). Using electric shocks can help preserve fish and suppress the number of
microbes on the fish. From research references, it is proven that there is a significant difference (P > 0.05)
between untreated samples and treated samples. This indicates that electric shocks of 30-60 kV can suppress
the number of bacteria. Higher intensity treatments can be used for the inactivation of microorganisms by
irreversible damage to the cell membrane [46]. Although the electric shock can kill bacteria quickly and
effectively. However, the use of this electric shock can affect the texture of fish meat because fish meat that
is given an electric shock treatment will not be as hard as fish meat without treatment. The higher the voltage
applied to the fish can cause the texture value is get lower, although it did not give a difference in the pH,
taste, and smell of the fish [47]. Even though it Kills bacteria quickly and keeps the fish from rotting quickly,
the texture of the fish will be softer than before. Texture is an important parameter for fish meat quality and
is vital in product acceptance for consumers [48].

3. RESEARCH METHOD

This study employs an experimental methodology with a quantitative approach to demonstrate the
scientific value and measurement strength of the research design and analysis. The research was conducted in
four coastal areas in the Republic of Indonesia that have many fishing groups: Kulon Progo, Purwerejo, Bantul,
and Kebumen (Special Region of Yogyakarta and Central Java Province). The stages that have been carried
out include data collection, idea generation, device design and calculation, collection of tools and materials,
device manufacturing, trials, data analysis, and performance evaluation.

During the research, the problems with traditional fish cooling techniques were explored by
conducting interviews with fishermen in four different fishing villages. In addition, the researchers searched
for relevant materials from trusted sources on fish cooling techniques, photovoltaic calculations, manufacturing
techniques, and the power generated by galvanic cells. In the second stage, the collected data was analyzed to
find the best solutions to overcome the problems. These ideas were then transformed into an appropriate
technology. The third stage involved designing the device using Autodesk Inventor to obtain the optimal
system design for cooling fish. The design included a solar photovoltaic as a source of electricity from the
sunlight, and galvanic cells that utilize seawater electrolytes. A charge controller regulates the two energy
sources to prevent overloading and ensure that the electrical energy produced meets the requirements. The
resulting energy is stored in a battery, which powers the thermoelectric cooler to cool the fish in the cool box.

The device creation process starts with analyzing the temperature distribution in the room to determine
the placement and quantity of thermoelectric coolers, as well as the dimensions of the cooling room. Following
this, the researcher calculates the required photovoltaic power and battery capacity. Once the calculations are
finished, the researcher selects the necessary tools and materials based on their price and quality. Essential
equipment includes soldering tools, scissors, saws, glue, rulers, hammers, and nails. The materials used in
manufacturing the cool box consist of solar photovoltaics for power supply, a charge controller, a battery for
energy storage, a TEC thermoelectric cooler for energy conversion, a heat sink, cables, and an LCD display
for monitoring battery capacity, temperature, and humidity. This stage is critical for ensuring that the
appropriate components and tools are assembled before moving forward with the manufacturing process.

The research was conducted to design, assemble, and test a solar-powered cool box device. The device
was designed by integrating solar photovoltaics, a charge controller, battery storage, and a thermoelectric
cooler into a cool box unit. The manufacturing process included assembling the solar panels and controller,
constructing the cooling chamber with the thermoelectric cooler and heat sink, before assembling all
components. The device underwent two trials - a limited lab trial, followed by field trials with fishermen at
Glagah, Jatimalang, Baru, and Logending beaches to ensure optimal functioning of the components in real-
world conditions for cooling the catch. Afterward, a detailed performance analysis was conducted, including
the working system, stability, temperature reduction, cooling time, and impact on fish quality, with results
documented. The performance was then evaluated to determine if the device met the research objectives for
creating a scientific journal. Based on the evaluation, the researcher would either proceed to make a scientific
report and article if deemed feasible or repair and revise the device if not, after re-verifying the design and
calculations. Finally, a scientific article was created to report the detailed results from implementing the device,
with all activities documented through photos and videos for archiving.
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4. RESULTS AND DISCUSSION
4.1. Device working principle

The solar photovoltaic cool box for fish is a hybrid device powered by solar energy, utilizing the
Peltier effect on a thermoelectric cooler to chill the caught fish. The design includes a fish storage area (cooling
chamber) with a thermoelectric cooler element, a battery as the DC source, and a charge controller for voltage
regulation. The cool box is placed on a water-filled block, where seawater guards the temperature difference
across the thermoelectric cooler elements. It features temperature, humidity, and weight sensors for
technological sophistication. An electric shock system protects fish from bacteria longer than other cooling
devices. With a rectangular dimension, this mobile cool box allows fishermen and fish vendors to reduce
preservation costs while maintaining freshness as shown in Figure 1.

The cool box is implemented on a traditional fishing boat as shown in Figure 2 the dimensions of this
device are 92x50% 28 centimeters because it adjusts the width and height of the hull of traditional fishing boats
in general. The solar cool box has two working systems: an electric shock system and a solar photovoltaic +
thermoelectric cooler system. The electric shock system features a fish shocking process using a 2000 V
electrical voltage from a step-up transformer to kill germs and inhibit spoilage, as shown in Figure 3. Following
a 10-second shocking process, the fish undergoes cooling within a solar-powered refrigeration unit equipped
with a Peltier cooling system, effectively preventing bacterial contamination.

The cool box has a solar photovoltaic and thermoelectric cooler working system. As shown in
Figure 4, it absorbs sunlight through a 300 Wp monocrystalline solar photovoltaic panel, converting solar energy
into electrical energy to power the cool box. A charge controller regulates the power generated by the solar cells,
which is stored in a 12 V 50 Ah battery. This stored power activates the TEC1-12710 thermoelectric cooler,
creating a temperature difference between the two plates. The inner plate faces the storage chamber, producing
distributed cold temperature, while the outer plate faces a heatsink. Part of the heatsink is submerged in water
on a large block, increasing the temperature delta between the thermoelectric cooler's outer and inner sides. If
the outside media temperature is very cold, the storage room temperature will be colder. The TEC1-12710
datasheet shows a 35 °C temperature difference between the hot and cold sides of the thermoelectric cooler.
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4.2. Calculations on device manufacturing

The average catch of Glagah, Jatimalang, Baru, and Logending Beaches fishermen is 23-30 kilograms
of fish per day. Usually, the fish caught are skipjack tuna, banyar fish, milkfish, yellow-tail fish, pomfret, and
tuna mackerel. However, the majority of the fish caught were usually dominated by skipjack tuna (Cakalang)
which had a length of 40cm, a width of 15 cm, a thickness of 6 cm, and an average weight per fish of
600-1000 grams. Assuming the fish caught are of the same size, it can be estimated that the number of fish
caught is around 50 fish. Skipjack tuna has a density of about 920 kg/m?, so the volume of the box required is
0.03261 m®. Based on the specifications of the cool boxes sold in the market, the size of a fish box that is
sufficient is 125 cm long, 90 cm wide, and 60 cm high or in other words has a capacity of 30 kg fish. Based on
ASHRAE, product load calculation is the load required to reduce the temperature of the product (fish), then
that it can be preserved [49], [50]. This product load calculation uses the (1).

Qrish = Mrish . Cpfish . ATrish
Qrish = (30)%(3,550)%(27.87- 0)

insh = 2,968.1 kJ

Qproduct = thi
cooling
2,968.1
Qproduct = 5x3600 = 0.1648944 kW
Qproduct = 164.8944 W/hour (1)

Average catch of fish per day is 30 kg, average fishing time per day is 5 hours. Then, the Cp fish
skipjack tuna (cakalang) is 3550 J/Kg °K. Average Sea temperature in Yogyakarta is 27.87 °C. Before creating
the device, required to calculate transmission load. Transmission load is a load caused by heat losses that occur
in cool box walls. Cool Box has dimensions of 125 cm long, 90 cm wide, and 60 cm high. The wall of the cool
box is made from a combination of polystyrene (ps) layers, aluminum foil (af), plastic insulator (pi), and wood
(w). The heat loss consists of the bottom side, top side, right side, left side, front side, and back side. Regarding
the outer wall of cool box, the bottom, right, left, front, and back side are covered with polystyrene (ps),
aluminum foil (af), plastic insulator (pi), and wood (w). Meanwhile, the top is covered by polystyrene (ps),
aluminum foil (af), and plastic insulator (pi). Heat transfer by convection is negligible because there is no air
moving on the wall side of this cool box. Furthermore, the value of heat loss from each wall can be assumed
by the calculations in (2) and (3).

- Top side heat loss

1 dps dg dyi
L sy Saf 4 Spi
Uy kps kaf kpi
1 _21x1072  2x107% 3x107*

U;  33x10°2 180 0,15

Ui = 1.566 m2K/W

1
U = 0.6385 w/(m?K) 2
- Bottom, right, left, front, and behind heat loss

L _9ps | Zar | 9pi y dw
Ui kps kaf kpi kw

1 _21x1072  2x107*  3x107%  4x1073
Uy 3,3x1072 180 0,15 0,16

Ui = 1.5074 m2K/W

1

U = 0.6633 w/(m?K) 3)
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The ambient temperature of the coastal environment is 38 °C, while the sea temperature is 27.87 °C
and the skipjack tuna (cakalang) temperature is 27 °C. Then, the total transmission load from each side can be
seen in (4)-(7).

- Topside

Q top = U1.Asop. (Tambient-T ish)

Q t0p=0.6385x(1.25x0.9)x(38-27)

Q 10p= 0.6385x(1.125)x (11)

Quwp=8.64 W (4)
- Bottom side

Q vottom = U2.Anottom. (T sea~ Tish)

Q bottom = 0.6633%(1.25%0.9) % (27.87-27)

Q bottom = 0.6633%(1.125)%(0.87)

Q bottom = 0.65 W (5)
- Right and left side

Q right & 1eft = U2. Avightieft. (Tambient- T fish)-2

Q right & 1eft = 0.6633x(0.6x0.9)x (38-27) x 2

Q right & teft = 0.6633x(0.54) X (11) X2

Q right & left = 7.88 W (6)
- Front and behind side

Q front & behind = U2.Asrontbehind. ( T ambient-Tfish).2

Q front & behind = 0.6633%(1.25%0.6) % (38-27) % 2

Q front & benind = 0.6633%(0.75)x (11)x2

Q front & behina = 11.05 W (7

Based on the calculations that have been conducted, then add up all the loads according to (8) to
become the total of transmission load.

Q transmission = Qtop + Qbottom + Qright& left + eront& behind

Q transmission = 8.64 + 0.65 + 7.88 + 11.05
Q transmission = 28.22 W (8)

Furthermore, calculations related to the infiltration load on the cool box device also need to be conducted. The
infiltration load is the load caused by the seepage of heat into the cooling chamber. This seepage occurs due to
air exchange when the cool box is opened [51]. The air temperature in the cool box is Tr = 0 °C with a relative
humidity of 95% and has an enthalpy of hyr 8.99 Kj/kg. Outside air temperature Ty = 38 °C with a relative
humidity of 45% and enthalpy hy 86.7 kJ/kg. Next, the volume of the cool box (V) is 0.675 m3because it has
125 cm long, 90 cm wide, and 60 cm high with an air density of 1.34 kg/m3. The number of air exchanges per
day (n) can be calculated by (9).
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n=3xVe
n=3x0.675
n=2.025= 2 times 9

The amount of infiltration load can be calculated by the formula in (10).

Qinfiltration = PyRrVcp-(hy—hyr)n
infiltration 24 x 3600

o . _1.34><0.675X(86.7—8.99)><2><1000
infiltration 66,400

. _ 140577
infiltration 66,400

Qinfiltration =21171 W (10)

The final calculation required is the total system loss on cool box device. Total system loss is
generated by calculating total product load, transmission load, and infiltration load. The equation related to this
calculation can be in (11).

ststem loss = Qproduct + Qtransmission + Qinfiltration (11)
Qsystem loss = 164.8944 + 28.22 + 2.1171 = 195.2315 W

Based on the calculation, the total system loss is 195.2315 W. Furthermore, three thermoelectric coolers with
specifications of 12 V and 6 A with a total power of 228 W (76 W/unit) are used. This power is able to handle
cool box load power.

4.3. Power generated

In Table 1, it is found that the electrical power produced by solar photovoltaic at four different research
locations does not show significant differences. The trial was conducted on four different beaches, such as
Glagah Beach, Jatimalang Beach, Baru Beach, and Logending Beach which are in four different cities. The
solar photovoltaic power data were taken during the trial by conducting observations and power calculations
for nine hours from morning to evening with the detail 7 AM to 4 PM (GMT +7) in sunny weather conditions
to get the highest power results that can be produced by solar photovoltaic. Data was collected using a solar
cool box device with a 300 Wp solar photovoltaic, yielding an average output of 2527.2 watts per day.

Table 1. Calculation of solar photovoltaic power generated on cool box

Time (hour) Power (watt)
Glagah Beach Jatimalang Beach Baru Beach Logending Beach

07.00 AM 117.9 116.1 1175 118
08.00 AM 127.7 127.4 128.1 128
09.00 AM 261.8 261.3 260 262.7
10.00 AM 278 278.4 278.5 279
11.00 AM 289 290 290 289
00.00 PM 297 296.6 297 296
01.00 PM 297 295 297 296.4
02.00 PM 293 293.9 294 291.3
03.00 PM 288 290 289.2 288
04.00 PM 2717.2 278.3 2774 278
Total power (watt) 2,526.6 2,527 2,528.7 2,526.4
Average (watt) 2,527.2

The average energy generated under sunny conditions amounts to 2,527.2 watts. This energy is
utilized to power three thermoelectric coolers, collectively consuming 228 watts, as well as supporting
components for a 10-hour duration. The energy output during daylight hours proves ample for fishermen
preparing to venture out to sea during the night. Nonetheless, in the event of rain throughout the day resulting
in an empty battery, fishermen as the user must charge electricity from the grid to recharge it.
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4.4. Energy consumption

Figure 5 demonstrates that the cool box device without a temperature control system can only be
active for 530 minutes based on the test results using and without using the temperature control system. This
limitation arises because employing the thermoelectric cooler (TEC) without control leads the system to either
cool below freezing (approximately -4 °C) or operate at maximum power. Conversely, when the control system
is implemented, the device can endure for 700 minutes, as the TEC is solely engaged in maintaining the
reference temperature. If the temperature falls within the specified range, the thermoelectric component
automatically deactivates. This cooling duration proves to be sufficient for beachside fishermen to preserve
their catch during standard fishing expeditions.

Consequently, the system using temperature control can run uninterruptedly for over 10 hours. This
result is also better than the implementation of conventional ice thermos that use ice cubes. Figure 5 provides
a comparison between the device and a conventional ice thermos. Cool box devices equipped with temperature
control excel in maintaining a reference temperature range of 4 °C to 5 °C. In contrast, traditional ice flasks
can only achieve temperatures as low as 13 °C. These findings affirm that the Cool Box, integrated with
temperature control, emerges as the most effective and efficient device.
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Figure 5. Comparison of energy consumption for solar Cool Box with and without temperature control

4.5. Temperature regression

Various methods are employed to increase the quality value of the fish by controlling storage
conditions. Since temperature is the primary factor that affects the value of the catch, it is essential to investigate
controlled temperature. Fishermen do not need excessively low or freezing temperatures when storing the fish
they catch at sea. Their main goal is to cool the fish to inhibit bacterial growth and preserve its freshness before
bringing it to the coastal area or market. The fish they sell are fresh fish, not frozen fish [52]. Fresh fish is
deemed to possess higher quality in the market compared to frozen fish, as frozen storage can diminish the
protein quality of fish due to denaturation [53]. Previous studies indicate that freezing fish results in short-term
physical changes, encompassing weight loss, color alteration, and structural modifications induced by the
formation of ice crystals [54], [55]. Preserving fish freshness can be achieved through refrigerated storage
within temperatures ranging from 0 °C to 4 °C [56], [57]. Other research suggests that storing fish at 5 °C is
also sufficient to maintain freshness [58], [59]. According to references on fresh fish, researchers typically
stipulate a reference temperature range of 0-5 °C.

The objective of evaluating the temperature comparison the cool box with temperature control, cool
box without temperature control, and conventional ice thermos is to assess the device's effectiveness in cooling
fish, aiming to preserve the freshness and quality of the fish captured by fishermen. In the experiment, two
variables were considered: temperature, monitored with a temperature sensor, and cooling speed, estimated by
observing elapsed time using a timer. Figure 6 illustrates the graph depicting the experimental results. The
maximum temperature achievable by a Cool Box device without utilizing temperature control is -4 °C. The
research results also show that using a conventional ice thermos filled with ice cubes can only reach a
temperature as low as 13 °C. This temperature reduction does not reach the reference temperature so it is not
enough to maintain the fish’s freshness.

Based on these experiment tests, researchers established a benchmark temperature range of 4-5 °C to
regulate the operation of the cool box device. Since the device's temperature has the potential to dip below the
freezing point (below 0 °C), the implementation of a temperature control mechanism becomes essential. To
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maintain the reference temperature stable within the range of 0-5 °C, the cool box device employs an automatic
temperature management system. This technique not only conserves energy but also ensures the freshness of
the fish by preventing freezing and maintaining the desired temperature. The temperature sensor continuously
monitors the storage room, and once it detects a temperature within the reference range of 0-5 °C, the energy
supply to the thermoelectric system is automatically cut off. This system can save energy by not needing to be
active continuously, maintaining storage temperature stable in the reference temperature. Then, the device
can use energy from the battery for more than 170 minutes than the device without temperature
control. Conversely, if the temperature surpasses 5 °C, the energy supply to the thermoelectric cooler is
automatically activated.
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Figure 6. Comparison of energy consumption for solar cool box with and without temperature control

4.6. Maintenance and durability

The solar-powered cool box technology and its related components require routine maintenance to
ensure optimal performance and longevity. However, this is not an insurmountable obstacle in the development
of an innovative solar-powered cool box for traditional fishermen. Some actions that need to be taken are
designing the cool box with durable and robust materials to withstand the harsh marine environment, including
exposure to saltwater and rough handling during fishing activities. Selecting the right materials and a rugged
design can increase the reliability and lifespan of the cool box. Moreover, although traditional fishermen may
face challenges in accessing maintenance services or spare parts in remote areas, this can be overcome by
providing adequate training and maintenance guidance to the fishermen. With a good understanding of how to
maintain and repair the cool box, fishermen can independently maintain the device and extend its service life.

Additionally, dependence on weather conditions is indeed a consideration in the use of a solar-
powered cool box. However, by taking into account the patterns of sea breezes and land breezes in the
Indonesian archipelago, which can influence rainfall and cloudy conditions, the cool box can be designed with
adequate energy storage capacity to overcome periods of poor weather over a certain period of time. Sea
breezes are winds that move from the sea to the land, while land breezes move from the land to the sea. These
wind movements can affect rainfall patterns in the island region. For example, sea breezes can bring moisture
from the sea and cause rain in coastal areas, while land breezes can bring dry air from the land and reduce the
likelihood of rain [60]. By considering these factors in the design and operation of the cool box, as well as
providing adequate training to fishermen, the solar-powered cool box innovation can become a sustainable and
reliable solution for maintaining the freshness of the catch of traditional fishermen.

5. CONCLUSION

The cool box device that has been designed, manufactured and implemented has dimensions of
92x50x%28 centimeters which have been matched to the width and height of traditional fishermen’s boat hull.
This device has several electronic components such as solar photovoltaic, Arduino Uno, TEC, electric shock
feature, LCD, battery, charge controller, heatsink, styrofoam, and temperature sensor. Data collection was carried
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out at four different locations in sunny weather and produced the average power of 2,527.2 Watts. The power
produced can support device operations for up to 10 hours. The use of temperature control which can activate and
deactivate TEC automatically is also installed on this device to prevent fish in the cool box from freezing. Utilizing
this temperature control can also save energy in the battery. The use of this cool box can maintain the freshness
of the fish compared to the use of conventional ice thermos which can only reach the lowest temperature of
13 °C. Apart from that, the temperature in the storage room of this cool box is also more stable.

REFERENCES

[1]  D.J. Marshall, M. Bode, M. Mangel, R. Arlinghaus, and E. J. Dick, “Reproductive hyperallometry and managing the world’s
fisheries,” in Proceedings of the National Academy of Sciences of the United States of America, 2021, vol. 118, no. 34, doi:
10.1073/pnas.2100695118.

[21 FAO, “Report and papers presented at the fourth Meeting of Professionals/Experts in support of Fish Safety, Technology, and
Marketing in Africa. Elmina, Ghana,” 2018. [Online]. Available: http://www.fao.org/3/ca0374b/CA0374B.pdf.

[3] L. Labandi and M. Haris, “Development of Indonesian Maritime Sovereignty Culture Through Indonesian Maritime Policy with
Indonesian Maritime Defense Strategy,” The Innovation of Social Studies Journal, vol. 5, no. 1, p. 33, 2023, doi:
10.20527/issj.v5i1.8489.

[4] F. Rizkiyah, Endro Legowo, Abdul Rivai Ras, Pujo Widodo, Herlina Juni Risma Saragih, and Panji Suwarno, “The Efforts Of The
Indonesian Government In Overcoming Seed Smuggling Benur Lobsters Overseas,” International Journal Of Humanities
Education and Social Sciences (IJHESS), vol. 2, no. 6, 2023, doi: 10.55227/ijhess.v2i6.480.

[5] “Ministry of marine affairs and fisheries,” 2022. [Online]. Available: https://statistik.kkp.go.id/home.php?m=prod_ikan_prov&i=2.

[6] M. Azhar, S. Suhartoyo, L. T. Alw, P. Suharso, and V. E. Herawati, ‘“Protection of traditional fishermen in the granting of fishery
licenses in Indonesia,” E3S Web of Conferences, vol. 47, 2018, doi: 10.1051/e3sconf/20184707003.

[71 Y. Gunawan and A. P. Syamsu, “The Role of the ILO in Resolving Violence Against Indonesian Crew on Fishing Vessels,” Fiat
Justisia: Jurnal llmu Hukum, vol. 17, no. 1, pp. 3144, 2023, doi: 10.25041/fiatjustisia.v17n01.2724.

[8] D. Yu, J. M. Regenstein, and W. Xia, “Bio-based edible coatings for the preservation of fishery products: A Review,” Critical
Reviews in Food Science and Nutrition, vol. 59, no. 15, pp. 2481-2493, 2019, doi: 10.1080/10408398.2018.1457623.

[9] C. Litaay, S. H. Wisudo, J. H. Haluan, and B. Harianto, “The Effects of Different Chilling Method and Storage Time on The
Organoleptic Quality of Fresh Skipjack Tuna,” Jurnal llmu dan Teknologi Kelautan Tropis, vol. 9, no. 2, pp. 717-726, Jan. 2018,
doi: 10.29244/jitkt.v9i2.19304.

[10] S. Sampels, “The Effects of Storage and Preservation Technologies on the Quality of Fish Products: A Review,” Journal of Food
Processing and Preservation, vol. 39, no. 6, pp. 1206-1215, Dec. 2015, doi: 10.1111/jfpp.12337.

[11] M. A. Thahir, A. Anzuardhi, T. Amrullah, N. Ukhty, and M. A. Nasution, “MAKING COOLBOX USING A JUNE SACK WITH
RICE HUSK (Oryza sativa) INSULATION AND CORN COB (Zea mays),” Asian Journal of Aquatic Sciences, vol. 6, no. 3, pp.
312-316, 2023, doi: 10.31258/ajoas.6.3.312-316.

[12] B. Y. Sovanda, A. Baheramsyah, and T. F. Nugroho, “Planning Study of Jacketed Storage System Utilizing Liquid CO2 as
Refrigerant,” POMITS Engineering Journal, vol. 2, no. 3, pp. 209-212, 2013, doi: 10.12962/j23373539.v2i3.5241.

[13] N. Nurmansah, M. Maimun, and D. Dahlan, “Design of a Rotary System for Fish Smoking Equipment to Improve Smoking
Efficiency with Smoke Filtration Method Using Cyclone Separator in Sorong West Papua,” International Journal of Advanced
Engineering Research and Science, vol. 8, no. 7, pp. 093-097, 2021, doi: 10.22161/ijaers.87.10.

[14] S. Asmara, Oktafri, Tamrin, and P. Windasari, “Effect of Amount and Type of Fuel on The Smoked Fish Quality,” Open Global
Scientific Journal, vol. 1, no. 2, pp. 77-84, 2022, doi: 10.33292/0gsj.v1i2.10.

[15] T. O’Donnell et al., “Retail Seafood Waste Prevention: Reducing Retail and Consumer Fresh-Fish Waste by Cooking Directly from
Frozen,” Food and Nutrition Sciences, vol. 12, no. 03, pp. 290-307, 2021, doi: 10.4236/fns.2021.123023.

[16] S. Wibowo, R. Kusumawati, and D. Dwiyitno, Case Studies on Fish Loss Assessment of Small-Scale Fisheries in Indonesia, vol.
1129. 2017.

[17] A. Prastyo, E. Lubis, and F. Purwangka, “The Transportation Influence to The Quality and Price of Fish to Consumer Area from
Coastal Fishing Port of Lempasing,” ALBACORE Jurnal Penelitian Perikanan Laut, vol. 2, no. 2, pp. 209-219, 2018.

[18] R.J. Setiawan, Y. T. Chen, and 1. D. Suryanto, “Cost-Effective Fish Storage Device for Artisanal Fishing in Indonesia - Utilization
of Solar Cool Box,” in 2023 IEEE 17th International Conference on Industrial and Information Systems, ICIIS 2023 - Proceedings,
2023, pp. 471476, doi: 10.1109/1C11558898.2023.10253549.

[19] M. N. Mailoa, L. K. Savitri, E. Lokollo, and S. S. Kdise, “Organoleptic Quality of Fresh Fish (Decapterus Sp.) During Selling at
Ambon Traditional Market,” Majalah BIAM, vol. 16, no. 1, pp. 3644, 2020, doi: 10.29360/mb.v16i1.6149.

[20] B.S. Waluyo, B. Utomo, S. Sarwoko, and U. Budiarto, “Refrigerated Sea Water (RSW) For Handling of Fish Catches,” 2019, doi:
10.2991/icoma-18.2019.75.

[21] N. M. Sitakar, N. N, F. Jamin, M. Abrar, Z. H. Manaf, and S. S, “Effect of Maintenance Temperature and Shelf Life of Tilapia
(Oreochromis niloticus) Fillet Stored in Temperature -2011 C on Total Count Bacteria,” Jurnal Medika Veterinaria, vol. 10, no. 2,
May 2016, doi: 10.21157/j.med.vet..v10i2.4387.

[22] S. musliu olushola, K. Falua, and A. David, “Development of a Low-Cost Refrigerator for Fruits and Vegetables Storage,”
International journal of basic and applied science (IJBAS), vol. 2, pp. 85-93, 2014.

[23] M. H. Hasan, T. M. I. Mahlia, and H. Nur, “A review on energy scenario and sustainable energy in Indonesia,” Renewable and
Sustainable Energy Reviews, vol. 16, no. 4, pp. 23162328, 2012, doi: 10.1016/j.rser.2011.12.007.

[24] M. Dang, “Solar Energy Potential in Indonesia,” in 19Th International Conference of Young Scientist, 2017, no. September 2017, p. 199.

[25] M. Khairulmaini, Z. Michael, M. A. M. Shah, M. S. Zakaria, B. Abdullah, and A. A. Rashid, “Improvement of Insulation Material
for Cool Box Application,” IOP Conference Series: Materials Science and Engineering, vol. 834, no. 1, p. 012019, Apr. 2020, doi:
10.1088/1757-899X/834/1/012019.

[26] N. H. Saad, A. A. El-Sattar, and A. E.-A. M. Mansour, “A novel control strategy for grid connected hybrid renewable energy
systems using improved particle swarm optimization,” Ain Shams Engineering Journal, vol. 9, no. 4, pp. 2195-2214, Dec. 2018,
doi: 10.1016/j.asej.2017.03.009.

[27] A.M. Ibrahim and R. A. Swief, “Comparison of modern heuristic algorithms for loss reduction in power distribution network equipped
with renewable energy resources,” Ain Shams Engineering Journal, vol. 9, no. 4, pp. 3347-3358, 2018, doi: 10.1016/j.asej.2017.11.003.

Int J Pow Elec & Dri Syst, Vol. 15, No. 4, December 2024: 2591-2602



Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 2601

[28]

[29]

[30]

[31]
[32]
[33]
[34]
[35]

[36]
[37]

[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]

[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]

[57]

[58]

[59]

[60]

M. A. Sobhy, A. Y. Abdelaziz, H. M. Hasanien, and M. Ezzat, “Marine predators algorithm for load frequency control of modern
interconnected power systems including renewable energy sources and energy storage units,” Ain Shams Engineering Journal, vol.
12, no. 4, pp. 3843-3857, Dec. 2021, doi: 10.1016/j.asej.2021.04.031.

A. G. Alkholidi and H. Hamam, “Solar Energy Potentials in Southeastern European Countries: A Case Study,” International Journal
of Smart grid, vol. 3, no. 2, pp. 109-119, 2019, doi: 10.20508/ijsmartgrid.v3i2.51.g55.

M. Hendam, M. Abdel-Rahman, M. A. Attia, and M. Z. Kamh, “Maximizing public welfare for the net-metering scheme using
prosumer charges — vertically integrated utility case,” Ain Shams Engineering Journal, vol. 13, no. 2, 2022, doi:
10.1016/j.asej.2021.07.006.

K. Loukil, H. Abbes, H. Abid, M. Abid, and A. Toumi, “Design and implementation of reconfigurable MPPT fuzzy controller for
photovoltaic systems,” Ain Shams Engineering Journal, vol. 11, no. 2, pp. 319-328, 2020, doi: 10.1016/j.asej.2019.10.002.

M. Lakshmi and S. Hemamalini, “Decoupled control of grid connected photovoltaic system using fractional order controller,” Ain
Shams Engineering Journal, vol. 9, no. 4, pp. 927-937, Dec. 2018, doi: 10.1016/j.asej.2016.06.002.

M. Gul, Y. Kotak, and T. Muneer, “Review on recent trend of solar photovoltaic technology,” Energy Exploration and Exploitation,
vol. 34, no. 4, pp. 485-526, 2016, doi: 10.1177/0144598716650552.

C. Daniel, A. K. Shukla, M. Sharma, R. K. Phanden, and M. K. Ojha, “Design and Fabrication of Thermoelectric Air-Cooling
System,” in Journal of Physics: Conference Series, 2022, vol. 2178, no. 1, doi: 10.1088/1742-6596/2178/1/012004.

S. Manikandan, S. C. Kaushik, and R. Yang, “Modified pulse operation of thermoelectric coolers for building cooling applications,”
Energy Conversion and Management, vol. 140, pp. 145-156, 2017, doi: 10.1016/j.enconman.2017.03.003.

N. Savage, “Thermoelectric coolers,” Nature Photonics, vol. 3, no. 9, pp. 541-542, Sep. 2009, doi: 10.1038/nphoton.2009.158.

A. J. Minnich, M. S. Dresselhaus, Z. F. Ren, and G. Chen, “Bulk nanostructured thermoelectric materials: Current research and
future prospects,” Energy and Environmental Science, vol. 2, no. 5, pp. 466-479, 2009, doi: 10.1039/b822664b.

D. Enescu and E. O. Virjoghe, “A review on thermoelectric cooling parameters and performance,” Renewable and Sustainable
Energy Reviews, vol. 38, pp. 903-916, 2014, doi: 10.1016/j.rser.2014.07.045.

S. Sharma, V. K. Dwivedi, and S. N. Pandit, “A review of thermoelectric devices for cooling applications,” International Journal
of Green Energy, vol. 11, no. 9, pp. 899-909, 2014, doi: 10.1080/15435075.2013.829778.

R. Anant Kishore, P. Kumar, M. Sanghadasa, and S. Priya, “Taguchi optimization of bismuth-telluride based thermoelectric cooler,”
Journal of Applied Physics, vol. 122, no. 2, 2017, doi: 10.1063/1.4990992.

C. A. Osaretin and F. O. Edeko, “Design and Implementation of a Solar Charge Controller with Variable Output,” Journal of
Electrical and Electronic Engineering, vol. 12, no. 2, pp. 1-12, 2016.

Manish Prasad, Rohit Kumar Singh, Pranav Kumar, and Smruti Ranjan Pradhan, “Home Automation Using Microcontroller
(Arduino Uno),” International Journal of Engineering Research and, vol. V6, no. 03, Mar. 2017, doi: 10.17577/IJERTV61S030414.
A. Shakirovich Ismailov and J. Zafar Botirovich, “Study of arduino microcontroller board,” “Science and Education” Scientific
Journal, vol. 3, no. 3, 2022, [Online]. Available: www.openscience.uz.

I. Prasojo, A. Maseleno, O. Tanane, and N. Shahu, “The design of earthquake detector using pendulum swing based on
ATMega328,” Journal of Robotics and Control (JRC), vol. 2, no. 3, pp. 209-211, 2021, doi: 10.18196/jrc.2380.

G. M. Ayoub, R. Zayyat, and N. Naji, “Electric current induced bacterial inactivation in seawater: effects of various operating
conditions,” International Journal of Environmental Science and Technology, vol. 16, no. 8, pp. 4749-4760, 2019, doi:
10.1007/513762-018-2109-9.

A. Dwi Anggo and S. Suharto, “The effect of high voltage electric shock on the quality attribute of carp fish (Cyprinus carpio)
meat,” IOP Conference Series: Earth and Environmental Science, vol. 530, no. 1, p. 012019, Jul. 2020, doi: 10.1088/1755-
1315/530/1/012019.

C. Sriket, “Proteases in fish and shellfish: Role on muscle softening and prevention,” International Food Research Journal, vol. 21,
no. 2, pp. 433-445, 2014.

R. J. Setiawan, A. Tarnadi, and 1. Surfani, “Design and Manufacture an Automatic Mushroom Sprinkler based Internet of Things
to Increase Oyster Mushroom Productivity,” JMPM (Jurnal Material dan Proses Manufaktur), vol. 5, no. 1, pp. 1-9, Oct. 2021,
doi: 10.18196/jmpm.v5i1.12043.

R. and A.-C. E. American Society of Heating, /993 ASHRAE handbook : fundamentals. 1993.

M. A. Budiyanto and Nasruddin, “Study on the estimation of solar radiation: Case study: Jakarta, Indonesia,” in 2017 3rd
International Conference on Power Generation Systems and Renewable Energy Technologies (PGSRET), Apr. 2017, vol. 2018-
Janua, pp. 5-8, doi: 10.1109/PGSRET.2017.82517.

A. F. Utama, M. H. Huzaifi, M. A. Budiyanto, and H. T. Wibowo, “Preliminary Design of Fish Hold Insulation on the 5 Gross
Tonnage Fishing Boat,” in AIP Conference Proceedings, 2022, vol. 2499, doi: 10.1063/5.0131742.

L. M. Chiesa et al., “Discrimination between fresh and frozen-thawed fish involved in food safety and fraud protection,” Foods,
vol. 9, no. 12, 2020, doi: 10.3390/foods9121896.

P. Dawson, W. Al-Jeddawi, and N. Remington, “Effect of Freezing on the Shelf Life of Salmon,” International Journal of Food
Science, vol. 2018, pp. 1-12, Aug. 2018, doi: 10.1155/2018/1686121.

A. MILLS, “Measuring changes that occur during frozen storage of fish: a review,” International Journal of Food Science &
Technology, vol. 10, no. 5, pp. 483-496, 1975, doi: 10.1111/j.1365-2621.1975.th00054.x.

S. Zhu, H. S. Ramaswamy, and B. K. Simpson, “Effect of high-pressure versus conventional thawing on color, drip loss and texture
of Atlantic salmon frozen by different methods,” Lwt, vol. 37, no. 3, pp. 291-299, 2004, doi: 10.1016/j.Iwt.2003.09.004.

S. Ottestad, G. Enersen, and J. P. Wold, “Effect of Freezing Temperature on the Color of Frozen Salmon,” Journal of Food Science,
vol. 76, no. 7, 2011, doi: 10.1111/j.1750-3841.2011.02313.X.

R. B. D. Sormin, F. Pattipeilohy, and N. Koritelu, “The Effect of Cool Box Insulator Type on the Temperature Characteristics and
Quality of Decapterus Russelly (Riippell, 1830) During Chilling Preservation,” Aquatic Procedia, vol. 7, pp. 195-200, 2016, doi:
10.1016/j.aqpro.2016.07.027.

A. M. Duarte, F. Silva, F. R. Pinto, S. Barroso, and M. M. Gil, “Quality assessment of chilled and frozen fish—Mini review,”
Foods, vol. 9, no. 12, 2020, doi: 10.3390/foods9121739.

M. Abidin, A. Baheramsyah, and E. M. Wardhana, “Cooling System Design for Cold Storage of Traditional Fishing Boat Using
Insulation from Rice Husk,” International Journal of Marine Engineering Innovation and Research, vol. 3, no. 1, pp. 34-39, 2018,
doi: 10.12962/j25481479.v3i1.2501.

P. S. Brahmanandam et al., “Doppler Sodar Measured Winds and Sea Breeze Intrusions over Gadanki (13.5° N, 79.2° E), India,”
Sustainability, vol. 15, no. 16, p. 12167, Aug. 2023, doi: 10.3390/su151612167.

Design system and performance analysis of fish storage box by utilizing ... (Rizal Justian Setiawan)



2602

a

ISSN: 2088-8694

BIOGRAPHIES OF AUTHORS

Rizal Justian Setiawan ) B:d B3 € obtained his A.Md. T and B.Ed. in Mechanical Engineering
Education from Universitas Negeri Yogyakarta and M.M. in Marketing Management from
Universitas Terbuka. Currently, he is a CEO of CV. Rivira Sukses Bersama and active student
in the master’s degree and exchange program at Yuan Ze University and Shanghai Jiao Tong
University. He has work experience as an engineer and researcher at several companies in
Indonesia, such as PT. Pertamina, PT. Badak LNG, and PT. Honda Prospect Motor. Apart from
that, he has R&D training experience at well-known institutions such as Infosys Bangalore India,
Bajaj Auto, Riken Institute, and Yamaguchi University Japan. He can be contacted at email:
rizaljustiansetiawan99@gmail.com.

Khakam Ma’ruf © B4 B8 © was born in Kulon Progo, April 28 2001. He was a bachelor
student in the Mechanical Engineering Education study program from Yogyakarta State
University, Indonesia. He is currently studying a master's program at Gajah Mada University.
He is active in research activity and experimental engineering. He has more than 100
achievements in the field of research and became the student with the most achievements in
Yogyakarta. Currently, he is the CEO of PT. Engineer Tech Indonesia. He is also the PIC for
IPR management and scientific writing training at PT. Science Hunter Indonesia. He can be
contacted at email: hakammaruf70@gmail.com.

Darmono ki © is a lecturer in Civil Engineering Education Department at the
Yogyakarta State University, Yogyakarta, Indonesia. He received his Drs., Ir., and Ph.D. degrees
in Civil Engineering from Yogyakarta State University. In addition, he received M.Eng. in Civil
Engineering from Universitas Gadjah Mada. Currently, he is deputy dean for research,
cooperation, information systems and business, Faculty of Engineering, UNY. He has been an
associate professor at Yogyakarta State University, Indonesia since 2016. His research interests
include the field of sustainability, implementation of advanced technology, and vocational
education. He can be contacted at email: darmono@uny.ac.id.

Indra Dwi Suryanto £ B4 2 is a master student from Electrical Engineering at Gadjah
Mada University, Indonesia. He received his B.Ed. degree in Electrical Engineering Education
at Yogyakarta State University. Currently, he is working as an entrepreneur by establishing a
small company called CV. Inanri which is located in Kulon Progo. He has weak current
electrical engineering abilities and skills such as the ability to design electronic devices and
control systems covering areas such as microcontrollers, robotics, image processing, and the
internet of things. He can be contacted at email: indradwisuryanto35@gmail.com.

Andi Tri Hermawan & B B8 2 was an undergraduate student in Automotive Engineering
Education at Yogyakarta State University, Indonesia. He was born in Kulon Progo, May 7th 2000.
He has the ability to draw two- and three-dimensional designs using the Autodesk Inventor and
Solidwork applications. Currently, he is working at a manufacturing company in the Yogyakarta
Special Region Province. He can be contacted at email: anditri.wapkan@gmail.com.

Int J Pow Elec & Dri Syst, Vol. 15, No. 4, December 2024: 2591-2602


https://orcid.org/0000-0002-1576-9969
https://scholar.google.co.id/citations?user=tc-_oDIAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=58636009800&zone=
https://www.webofscience.com/wos/author/record/KVX-9085-2024
https://orcid.org/0009-0003-9743-8649
https://scholar.google.com.my/citations?hl=en&user=96Whh7UAAAAJ
https://www.webofscience.com/wos/author/record/KVX-9101-2024
https://orcid.org/0009-0002-7674-1115
https://scholar.google.com.my/citations?user=QSidRLIAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57070452500
https://www.webofscience.com/wos/author/record/KVX-9143-2024
https://orcid.org/0000-0003-3497-9950
https://scholar.google.co.id/citations?hl=id&user=oUPzSKkAAAAJ
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=58635886100&zone=
https://www.webofscience.com/wos/author/record/KVX-9391-2024
http://orcid.org/0009-0008-3945-5236
https://scholar.google.com/citations?hl=en&user=BwII_RgAAAAJ&view_op=list_works&authuser=6&gmla=AETOMgENBbLHDinCuVArTD-i6HDGVyMu93e-WN_gk-ad68rcQEDifYmPpqoUaEumYXPiO0-7qlBACP7mkzST5K_GdDCj5TbrbyhTxg
https://www.webofscience.com/wos/author/record/KVX-9030-2024

