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In this research, a hybrid egg hatcher machine applied two types of energy for heating, namely solar thermal energy
and an electric (fossil) heater. Solar energy was the main energy, and the electric heater was the secondary energy.
This hybrid system was related to Indonesian geography, with high solar energy of an average of 5 kWh/m?/day in one
year. Therefore, solar thermal energy storage will be effectively used in Indonesia to reduce fossil energy exploitation.
The solar thermal energy was stored in an accumulator with a 4 m?collector. The solar thermal accumulator was
an insulated vessel with high reflectivity and insulation. The heat energy was stored and kept in some water bars. In
maximizing absorption capability, the collector used a reflective array method that was operated by opening or closing
the arrays. The arrays were controlled by an electronic controller, which compared the thermal energy inside with the
energy of sunlight. The array’s movement to charge the accumulator was done automatically by using the hysteresis
switching method. The electric heater will be used only if the accumulator temperature is less than 40 °C. The capacity
of the egg hatcher machine accumulator was 300 eggs. Raw data were collected using a data logger of DAQ (Data
Acquisition Interface) DT9813 to determine and analyze the performance of system parameters. From the data col-
lected, the solar thermal accumulator showed its capability for storing thermal energy up to 7.07 kWh. However, its
average absorption efficiencies were 54-58 % by direct solar and 60-70 % by diffuse solar. Experiments verified the
effectiveness of the designed accumulator. The experimental results showed that the electrical energy consumption
was reduced up to 64 %.
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Introduction

In the current condition, 80 % of electrical energy is pro-
duced by burning fossil fuels. This massive exploitation
leads to the world’s energy shortage and a threat to the
environment (Ramli, 2015). The world's fossil reserves
are decreasing (Syah, 2012; Setiawan, 2020); thus, re-
newable energy is one solution to overcome that prob-
lem. The utilization of free and long-lasting solar thermal
energy is considered promising in providing electrical
energy (Syah, 2012; Setiawan, 2018).

It has been reported that the average solar energy
measured in tropical regions is 1 kW/m?, and the av-
erage energy is 7 kW hours/m?/day (Ramli, 2015; Set-
iawan, 2018). By using current technologies, solar ener-
gy can be utilized as electrical power or can be stored.
Liquid and dry materials are commonly used as media
for storing solar energy.

A flat-plate collector is one of the technologies that use
solar thermal energy storage, which is the basic idea of
a solar thermal collector in the form of an oven like a
box (Ramli, 2015). This technology has a high efficiency
compared with solar cells, up to 80 % energy conversion
(Nasruddin, 2007). Solar cells are only capable of max-
imum converting 20 % of solar energy (French, 1997).
With this technology, the stored heat energy can be uti-
lized as a dry heat accumulator system with a 60-70 %
efficiency and a water accumulator with a 47% efficiency
(Bhowmik, 2017; Setiawan, 2020).

Solar thermal energy storage is effectively used in Indo-
nesia and other high-intensity countries to reduce fossil
energy exploitation, which is related to Indonesia’s ge-
ographical position in equatorial coordinates with high
solar energy, an average of 5 kWh/m?/day per year
(Republika, 2014).

One technology that can directly utilize solar thermal en-
ergy without conversion is an egg hatch machine (Syah,
2012). The egg hatcher needs thermal energy for hatch-
ing, and almost all heat sources today use electrical en-
ergy. It would be wise to use an accumulator of solar
thermal energy as a heat source for the egg hatcher. The
use of solar thermal energy can also help to reduce the
use of fossil energy. Therefore, an electrical energy re-
duction of up to 60% can be expected (Syah, 2012).
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Modelling of the System

A hybrid egg incubator machine has three main compo-
nents: a collector and an accumulator unit, a regulator,
and a hatcher, as seen in Fig. 1.

The collector and accumulator unit

The solar thermal accumulator is an insulated and high
reflectivity vessel that can store and keep solar thermal
energy with water as the media in galvanized bar vessels.

The accumulator is designed in such a way that solar en-
ergy and thermal energy do not leak out. On the inside
of the accumulator, there are some layers to maintain
stored energy: a 1 mm thick aluminium plate on the out-
er side and 4 cm thick Styrofoam wrapped with a reflec-
tor facing the server as an insulator.

Fig. 1. Hybrid egg incubator system
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On the top of the accumulator, there is a vacuum glass
of 5 x 10* m thickness to pass solar energy into the
accumulator. Bellow the glass, an array reflector made
of stainless steel is controlled by an electronic control-
ler with a linear mirror array control method. The array
reflector will open when the external energy is greater
than the inner, and the temperature inside is less than
100 °C, as shown in Fig. 3. The stainless-steel material
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was chosen because it reflects up to 78 % (Setiawan,
2018). With those designs, the accumulator will be an
absolute closed chamber capable of trapping heat in-
side. A piece of black fabric was added on the top of gal-
vanizing bars to maximize the capture of solar thermal
energy, as shown in Fig. 2.

Fig. 2. Accumulator from the left side
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In this research, the accumulator had an outer length and
width of 2 m x 2 m and an inner length and width of 1.9
cmx 1.9 cm. In the center of the accumulator, there was a
border as an array buffer with a width of 0.09 m. Thus, the
area that could capture solar energy was 3.14 mZ,

Fig. 3. Control linear mirror array
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Water was chosen as a heat storage medium because it
has a high specific heat capacity of 4.2 kJ/kg °C. Water
was stored in 27 galvanized bars with a volume of 2.87
x 10-° m? each and four galvanized bars with a volume
of 2.97 x 10-* m® each. The total volume of storage me-
dia was 0.10156 m? or equivalent to 101.56 L. In addi-
tion to water mass, the galvanic mass also affected the
energy storage capacity of the accumulator. The total
galvanic mass in the accumulator was 48.8 kg with a
galvanic specific heat capacity of 0.460 kJ/kg °C. There-
fore, the storage capacity of the accumulator (E,.) was
29504.325 KJ or 8.1 kWh. It could be calculated by en-
tering the parameter values related to equation (1).

E. . =MwCwAT)+(Mg.Cg.AT) (M)

Where: M,, — mass of water; C,, - heat capacity of water;
M, —mass of galvanized; C, - heat capacity of galvanized;
AT-=T,-T,.

The regulator

The regulator is a medium used to decrease the high
temperature in the accumulator to the required temper-
ature of the incubator.

High-temperature accumulator regulation was imple-
mented by the buck converter method. The high tem-
perature of the accumulator (40-100 °C) was decreased
and was maintained at a low temperature in the hatcher
(37.5 °C).

Fig. 4. Heat regulator with the buck converter method
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Fig. 4 shows the implementation of a buck converter cir-
cuit that is implemented for thermal energy, in addition
to electrical energy. (T,) correlates with the heat tempera-
ture of the accumulator. The accumulator capacitor (C,) is
correlated to the accumulator as a heat bank. Valve (Sva)
functions as an opening and closing of the hot airflow
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from the accumulator to the hatcher and is held by the
PID controller. In contrast, the diode (D), the inductor (Li),
and the capacitor (Ci) are models of the regulator tube.
The regulator tube traps the flow of heat energy by bal-
ancing L, and C; therefore, the incubator output (Ti) will be
obtained (37-41°C) according to the setting.

The hatcher

In this research, the hatcher was designed with a capacity
of 300 eggs.

The box hatcher was made with a length of 72 cm, a
width of 64 cm, and 100 cm of height. The box was made
of aluminium with a thickness of 0.8 mm. In maintaining
the hot temperature, a Styrofoam with a 5 cm thickness
inside the body box was wrapped with a reflector materi-
al, and the door was added with a rubber seal. The design
of the hatcher is shown in Fig. 5.

Fig. 5. Incubator box design
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Heat energy requirement to hatch 300 eggs

The power requirement for 300 eggs was 60.6 W. It can
be calculated that a chicken egg required 0.202 W of
power (Setiawan, 2017). Thus, the required heat energy
(50) was 60.6 J.

In this research, 300 eggs were replaced with the air
blown outside the hatcher through a DC fan of 0.0144 m?
wide. The energy which was blown out was the same as

2021/77/3

the energy requirement for 300 eggs. The blown energy
can be calculated by equation (2) as follows:

m, = 2

Where: m, — mass of air; E,,, - energy of egg; C, - heat
capacity of air; AT - T,-T,.

With the heat capacity of air (C,) 0.716 kJ/kg °C, a mini-
mum temperature of 25 °C, and a maximum temperature
of 37.5 °C, the mass required to replace 300 eggs was
6.77 g or equal to 5.236 x 10° m?®. Thus, with 0.0144 m?,
the required airflow was 0.36 m/s.

Results and Discussion

This research was conducted at the State Polytechnic of
Malang, Malang city, East Java, Indonesia. The coordi-
nates are: 7° 56’ 44.57" south latitude and 112° 36.53.20"
east longitude, and an altitude is 499 m above the sea
level. The research was conducted with consumption and
without incubator consumption.

Capability and efficiency of heat energy
Absorption in the accumulator

The accumulator absorption capability is shown from
the accumulator temperature compared with ambient
temperature, shown in Fig. 6 and Fig. 7. From Fig. 7, the
accumulator capability shows that accumulator tem-
perature (Tacc) increases along with increasing sun-
light intensity (I,¢) until it reaches 100 °C at 14:19 local

Fig. 6. The accumulator absorption capability with load
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time. The maximum temperature was obtained within 7
hours due to the fluctuating intensity of sunlight.

In Fig. 8 at the same location, the data show relatively
high light intensity (intensity maximum 106 423 lux). The
highest temperature accumulator occurred earlier at
11:35 local time.

Fig. 7. The accumulator absorption capacity without load
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The efficiency of thermal energy absorption could be cal-
culated from the amount of solar energy (E,,) from the
system started until the array was closed compared with
the energy that can be absorbed by an accumulator (E,.).

Thus, it can be calculated by using equation (3):

E

Acc

=E,+E +E, ®

Table 1. The energy absorbed by an accumulator with load
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The energy that can be absorbed by an accumulator (E,..)
is shown in Table 1 and Table 2.

The efficiency of thermal energy absorption with load
by direct solar was 57.81%. It was defined by Fig. 8 and
equation (4):

11:59

jm.c.T dt

— 06:00
77Acc 1159

IP dt

.100% (%)

sun
06:00

Fig. 8. Direct solar energy accumulation and accumulator (with load)
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The efficiency of thermal energy absorption with load by
solar diffuse was 70.07 %. It was defined by Fig. 9 and
equation (5):

Fig. 9. Diffuse solar energy accumulation and accumulator (with load)
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Table 2. The energy absorbed by an accumulator without load

S~ S 7 B %
Air m,=098 | C,=0.716 E,=0.007
Galvanize m,=488 C,=0.46 E,=052
Water m,,=101.06 = C,=42 E, =754
Energy of accumulator E,.=807
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The efficiency of thermal energy absorption in the accu-
mulator without load by direct solar was 54.11 %. It was
defined by Fig. 10 and equation (6):

Fig. 10. Direct solar energy accumulation and accumulator (without load)
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In addition, the efficiency of thermal energy absorption in
the accumulator without load by solar diffuse was 60.44
%. It is defined by Fig. 11 and equation (7):

Fig. 11. Diffuse solar energy accumulation and accumulator (with-
out load)
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Thus, the efficiency average of thermal energy absorp-
tion in the accumulator is shown in Table 3.

Table 3. Efficiency of thermal energy absorption

Accumulator Direct Solar Solar diffuse

With load Mo = 57.81% Mo = 70.07%

Without load Npee = 94.11% e = 60.64%

The efficiency can be increased by maximizing control
of the array; thus, the absorbed energy will be maxi-
mally trapped.

Capability of water as storage medium and
energy source

The capacity of water energy storage can be seen from
the effectiveness of water in supplying heat energy when
there is no solar energy, both during the day and night.

Fig. 12. Capability of storage and water supply
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As shown in Fig. 12, when the light intensity (I, disap-
peared at 17:02 local time, the temperature in the ac-
cumulator did not decrease significantly. The decrease
in accumulator temperature was proportional to water
temperature decrease (T,

water)-

The water temperature decreased within 15 hours and
27 minutes to 35°C. Therefore, the average decrease in
water temperature was 0.03°C/min. The water capabil-
ity was acceptable for keeping the heating temperature.
Thus, water was suitable for heat storage media.
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Control optimizer energy accumulator

Controls were performed on the array movement in order
to maintain the thermal energy stored in the accumulator.

In Fig. 13, the controller showed that the array would
open at the minimum temperature. The controller served
to capture solar thermal energy. The control operated
when the accumulator temperature (T,.) reached 100 °C;

then the array closed. This algorithm served to maintain
the amount of heat energy in the accumulator.

Fig. 13. Control optimizer energy accumulator
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Capability of heat accumulator energy aupply to
the hatcher

From Fig.14, it is shown that the accumulator hatching
system operation started at 06:00, when the accumulator
temperature was 22 °C and used an electric heater. At
07:55 local time when the accumulator temperature (T,..)
reached 45 °C, the heater source was changed to the ac-
cumulator and used throughout the day until 23:57 local
time. The accumulator was able to supply the hatcher for

16 hours and 2 minutes.

In Fig. 10, it is shown that to supply the hatcher for ap-
proximately 16 hours 2 minutes, it took as much as 7.70
kWh of heat energy.

The calculation results found that the average consump-
tion per hour was 0.47 kWh/h. Therefore, to supply the
hatcher for approximately 24 hours, 11.4 kWh or 41 066
kJ of heat energy was needed.

2021/77/3

From equation 8, it is known that the amount of energy
was directly affected by specific heat capacity, mass, and
temperature differences. Of the three parameters which
allowed being increased was the mass.

Therefore, to increase the heat energy to supply the
hatcher for approximately 24 hours, the addition of wa-
ter required was 130.36 kg or 130.36 L. It was calculated
by equation (8).

acc

t
d
jOP t o

=0

-~ CwAT

Fig. 14. The accumulator supply capability
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Electrical energy consumption

In this system, electrical energy was used to control the
system and the electric heater.

The electrical energy used to control it could be seen
when the system used an accumulator as a heat energy
supply. The system started from 07:55 to 23:57 local time
or 16 hours 2 minutes.

In order to supply a hatcher for 16 hours 2 minutes, it
took 969.6 Wh of heat energy, and the percentage of
electrical energy used for control compared with the
hatcher energy requirement was 24.95 %, as shown in
equation (9) and equation (10).
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The electrical energy consumption for the electric heat-
er in this system started from 06:00 to 07:55 local time
(2 hours and 55 minutes), as shown in Fig. 16.

Fig. 15. Electrical energy for about 16 hours 2 minutes

Energy (Wh)

300
250
200
150

100

0 Time (t)

Fig. 16. Electrical energy consumption

Energy (Wh)

300
250
200
150

2021/77/3

Thus, the electrical energy consumption for this system
is shown in Table 4.

Table 4. Electrical energy consumption

Energy' Presentation
Parameter consumption consumption
(Wh) P
Electrical energy to _ - 9
control the system Eee =202 e = 24,355
Electrical energy for E..= 13396 Nee=12.28%

the electrical heater

Conclusions

In this research, the accumulator obtained and stored
solar thermal energy for the requirement in the
evening and night. The solar thermal accumulator ca-
pability to store thermal energy was up to 7.07 kWh.
The accumulator could be used as a heat supply in-
cubator for 16 hours and 2 minutes with an average
absorption efficiency of 54-58 % by direct solar and
60-70 % by solar diffuse. In addition, the electrical
energy consumption for control was 24.95 %, and the
electrical heater was 12.28 %. Therefore, this technol-
ogy can decrease electrical (fossil) consumption and
reduce environmental pollution caused by fossil ener-
gy to electrical energy.
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