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Due to the effects of the change in temperature that have resulted in dramatic
changes in the livelihoods of crickets. Hence, the implementation of cooling
technologies is an important factor for alleviating these negative
consequences. This research presents the experimentally investigate the
feasibility of employing a thermoelectric cooler in combination with an
evaporative air-cooling system for two-spotted cricket (gryllus bimaculatus)
rearing process. The proposed cooling system has been installed to reduce the
temperature that appropriate for the cricket rearing. The experimental results
show that the product air temperature of cricket rearing pens with
thermoelectric evaporative air-cooling system decreases form ambient air.
The average temperature of the cricket rearing pens with thermoelectric
evaporative air-cooling system is 29.66 °C, with the highest temperature at
31.40 °C. While the average temperature of the cricket rearing pens without
thermoelectric evaporative air-cooling system is 33.75 °C, with the highest
temperature at 37.10 °C. Furthermore, this research also shows that this
proposed system can improve cricket survival rate. The crickets that reared in
the prototype system have a survival rate of 88.5%, while survival rate of
crickets in an uncontrolled pen is 67.2%. This paper provides a potential of
applying thermoelectric evaporative air-cooling for cricket farming.
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1. INTRODUCTION

According to the report, the world's population is expected to increase to 8.5 billion in 2030, 9.7 billion in
2050 and 10.4 billion in 2100, respectively [1]. It is a causing concern about insufficient food in the future thus there
is an urgent need for alternative nutrient sources and edible insects are promising and potential choice [2]. Cricket is
one of most important choice that has been suggested as an excellent food source, resolving the scarcity of food in
the future [3]. It has been postulated that crickets generally contain high-quality nutrients, which are easily digestible
and more bio-available than those available from plant and animal food sources [4], [5]. In addition, it has been
reported that cricket production requires a small area and crickets can be reared at high density so the production
may be cost and area-effective compared with production of other animals [6]. Thus, cricket farming as an alternative
to produce food and feed is an interesting topic in the current context of around the world.
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Nowadays, there is also growing interest to do cricket farming in Thailand. It is estimated that there
are over 22,000 cricket farms scattered thought Thailand, especially in the north-eastern of Thailand [7]. Most
of the farmers in Thailand preferred to breed house crickets (Acheta domesticus) and two-spotted crickets
(Gryllus bimaculatus) [8]. However, the effects of global warming have resulted in dramatic changes in the
livelihoods of cricket farmers not only in Thailand, but all over the world. Temperature has been shown to have
an important effect on crickets’ survival and their metabolism. It has been reported that small changes in
temperature have large effects on reproduction, whereas large changes in moisture have very small effects on
reproduction [9]. The optimal survival rate of crickets is maintained when the temperature is between 28-32 °C
[10]. Too low temperature the crickets will grow slowly. On the other hand, too high temperature will result in
a lower survival rate, and individuals raised at the higher temperature reached the final mount faster but it has
a reduced lifespan than individuals reared at the lower temperature [11], [12]. This problem has had a profound
impact on the Thailand cricket farming sector. Especially when the summer temperature rises, it will find high
death rates among the crickets. Moreover, heat generation inside the cricket pens is an important issue, because
it may be the cause of the disease and many deaths of crickets.

Evaporative air-cooling system is one of a simply available method to reduce the ambient temperature.
The evaporative air-cooling systems has several advantages such as: lowering the outside temperature, energy
savings, low-cost installation and maintenance, environmentally friendly and elimination of the greenhouse
effect and static electricity in the environment. It is very useful for small air-cooling system. This method is
appropriate for cooling the indoor air with small area such as mobile homes, single family housing and
industrial warehouse [13]. It has been found that evaporative air-cooling system can be applied in agriculture.
It is especially used for reducing the temperature in greenhouses for growing plants and raising pigs or chickens
[14]. 1t can archieve numerous advantages for farms, it not only saves energy, but also guarantees the plants or
animals well being [15]. It can reduce animal stress, make the animal grow faster, weight gain, less sickness,
decreased feeding time as well as can increase the density of animals in the house. However, the performance
of this system still needs to be developed to allow for a wider range of applications.

A thermoelectric (TE) device is a device that converts heat energy into electrical energy or, on the
other hand, a thermoelectric can also convert from electrical energy to heat energy. Currently, thermoelectric
has been increasingly applied to various cooling equipments. Thermoelectric coolers (TECs) are commonly
used in a small-size refrigeration system or in portable cooler box for cold storage as well as a water cooling
system [16], [17]. This devive offer many advantages such as small in size, portable, noiseless, environmentally
friendly and economical compared to conventional cooling systems. They have been utilized in various
applications for example air-conditioning [18], [19], electronic device cooling [20], batteries cooling [21]-[23]
and medical science [24]-[26]. Moreover, it has been reported that the thermoelectric cooling system can be
used to improve the cooling performance of an evaporative air-cooling systems [13], [27], [28].

In this work, we present experimentally investigate the feasibility of to reduce the temperature in
crickets pens by employing a thermoelectric cooler in combination with an evaporative air cooling system for
cricket farming. Following sections will explain the design of thermoelectric evaporative air-cooling system.
The temperature in cricket pens with and without this proposed system are presented in the results. Moreover,
the survival rate of two-spotted crickets has also been reported in section 4. Such results demonstrate the
practicability of proposed thermoelectric evaporative air-cooling system for the crickets rearing process.

2. RESEARCH METHOD

Crickets are cold blooded nocturnal insects of the order Orthoptera. There are many different species
of cricket, however each species has the same three key life cycle stages; egg, nymph, and adult as
demonstrated in Figure 1. It has been reported that house cricket (Acheta domesticus) and two-spotted cricket
(Gryllus bimaculatus) are most common cricket species farmed in Thailand. The length of the production cycle
depends on the species of cricket, temperature and the purpose of raising it. In current cricket farming systems
for food, the production cycle from hatching to harvest is 35 and 55 days for two-spotted crickets and house
cricket, respectively [5]. Generally, crickets can be reared in various housing structures. However, the most
key elements can be externally controlled given that the location chosen to setup a farm should be free from
flooding, able to be shaded and not exposed to direct sun light. The water used to feed must be clean and free
from contamination. The most important and least controllable factor is the climate’s temperature and it has
been found that most of crickets thrive when the temperature is between 28-32 °C. In this research, the TE
evaporative air-cooling system is proposed to use for controlling the temperature in cricket rearing pens. The
temperature in cricket rearing pens will be controlled within the appropriate range for crickets to grow. Two-
spotted crickets (Gryllus bimaculatus) are selected to be reared in cricket pens with proposed system. The
farming conditions will be simulated to be the same as the real culture as in all agricultural ventures including
that of traditional Thai cricket farming. This prototype system consists of three main subsystems; first, the
evaporative air-cooling system, second, thermoelectric cooler system and the last system is two cricket pens.
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Figure 1. Life cyecle of crickets

The proposed thermoelectric evaporative air-cooling system for crickets rearing is presented in Figure 2.
The evaporative air-cooling system consists of a cooling chamber, cooling pad and blower fan as demonstrated
in Figure 2(a). The cooling is as cold insulated that made of foam box with 2 cm of thickness as shown in
Figure 2(b). Cooling pads are installed on three sides of the box. There is a water pipes above of cooling pad
that used to transport cold water generated by the thermoelectric cooling system. The cooling process of this
system is based on an adiabatic saturation process. The air (inlet) with a controlled temperature is sucked into
the cooling pad and water is sprayed on top of the cooling pad. Water passes to the whole area of the cooling
pad. After air passes the cooling pad (evaporative cooling system), the air temperature decreases.

—
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Figure 2. The proposed thermoelectric evaporative air-cooling system (a) diagram of a combined
thermoelectric evaporative air cooler and (b) fabricated evaporative air cooler

For the second part, the thermoelectric cooling system is used to generate a cooled water that feed to
an evaporative air-cooling system. The thermoelectric cooling system is based on the Peltier effect. This system
is made of thermoelectric modules, fin heat exchangers and fan. The thermoelectric modules have two sides,
and when a direct current (DC) electric current flows through the device, this makes one plate cold and the
other hot. In this work, thermoelectric cooler module TEC1-12715 is used and its specification is shown in
Table 1. The cold side of thermoelectric is attached with one of the aluminium container walls and the hot side
is attached with aluminum heat sink and fan, respectively. Heat sink and fan are used to accelerate heat transfer
at the hot side and silicon glue is used to connect between them.
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Table 1. Thermoelectric cooler TEC1-12715 specifications

Parameters Value
Type of module Peltier
Max. operating voltage 154V
Max. operating current 15A
Max. Cooling Power 136 W
Max. Operating Tem. 90 °C
Tem. Difference Max 70°C
Resistance 750 mQ
Body dimensions 50%50%3.8 mm

A completed prototype of thermoelectric evaporative air-cooling for cricket farming is demonstrated
in Figure 3. Gypsum board is used to make rearing pens and the egg pan are arranged to absorb moisture in the
rearing pens. To isolate the crickets in a safe and secure environment that will optimize growth, a net is placed
over the rearing pens. The principal operation of the proposed prototype is the conversion of sensible heat of
the hot air to the latent heat of water vaporization by inducing the air in direct contact with the water circulated
from the aluminum container through the cooling pad by using a water pump, which results in a decrease in air
temperature. The purpose of a thermoelectric cooling installation is to remove the perceived heat from the
water in the container to further improve its air-cooling capacity. The cooling air which occurs from this system
will be sent into the rearing pens by an internal blower fan.

Furthermore, node MCU ESP8266 is used as a microcontroller unit to control and monitor the
operation of this system. A basic digital temperature and humidity DHT11 sensor is used to mearsure the
temperature in crickets rearing pens. The temperature is controled between 28-32 °C, if the temperature is
below 28 °C, the thermostat will automatically cut off. On the other hand, if the temperature is higher than 32 °C,
it will start up automatically by the interaction between temperature control unit and relay. Note that, in this
work relative humidity is not regulated.

- T B\ w

Figure 3. A completed prototype of thermoelectric evaporative air-cooling for cricket farming

3. EXPERIMENTAL SETUP

The experiments were carried out in order to evaluate the air-cooling performance of the prototype
system and survival rate of crickets. A comparative experiment was conducted between the cricket pen with
and without thermoelectric evaporative air-cooling system. As we know that house crickets have three stages
in their life cycle: egg, nymph, and adult. In this work, after the cricket eggs will be being for the hatch, the
nymph will begin to nursery period of 14 days. After that, the 14 days old of 800 field crickets (Gryllus
bimaculatus) were selected to rear in experiment. These crickets” sample were divided into two equal sub-
groups; the first group comprising of 400 crickets are raised a in a prototype of TE evaporative air-cooling
system and the second group comprising of the remaining 400 crickets were raised without the proposed system
as shown in Figure 4. The crickets of both groups will be reared for 15 days period. The rearing conditions
such as food and water to feed for cricket of both groups are the same. The daily temperature and survival rate
will be recorded.
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Figure 4. The crickets in the this experimental rearing pens

4.  RESULTS AND DISCUSSION
4.1. Daily temperature of crickets rearing pens

The comparison between temperature of two pens over a 15-day period has been shown in Table 2
and Figure 5. It has been found that the average temperature of the cricket rearing pens with TE evaporative
air-cooling system is 29.66 °C, with the highest temperature at 31.4 °C. While cricket rearing pens without TE
evaporative air-cooling system had an average temperature of 33.75 °C, with the highest temperature at 37.1 °C.
The TE evaporative air-cooling system work effectively even ambient air temperature inside the cricket pens
reaches 35-40 °C, which is inappropriate for the cricket rearing. The proposed system can reduce the higher
ambient air temperature in the cricket rearing pens to the appropriate temperature for cricket rearing within
temperature range of 28-32 °C.

Table 2. Maximum temperature in crickets rearing pens

Day Pens with TE Pens without TE Different
evaporative air-cooling evaporative air-cooling temperature
system system

1 28.2 31.8 3.6
2 28.1 30.2 2.1
3 29.4 335 4.1
4 314 37.1 5.7
5 28.1 30.8 2.7
6 30.6 35.2 4.6
7 31.7 37.1 5.4
8 30.9 35.6 4.7
9 30.7 35.8 5.1
10 29.1 32.7 3.6
11 30.3 35.1 4.8
12 30.9 35.6 4.7
13 30.7 35.6 49
14 30.3 35.1 4.8
15 285 29.1 0.6
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Figure 5. Temperature comparison between the two crickets rearing pens over a 15-day period
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4.2. Survival rate of crickets

Generally, dead crickets can be sources of disease, so each day all dead crickets observed in the pens
should be quickly removed. In this work, the dead crickets are eliminated and the daily recorded of number of
dead crickets is demonstrated in Table 3. Based on the results in Table 3, it is found that crickets reared in the
pens with TE evaporative air-cooling system have lower daily dead rates than crickets reared in non-
temperature-controlled pens. Total number of dead crickets are 46 crickets and 131 crickets for pens with and
without TE evaporative air-cooling system, respectively.

Moreover, Table 4. presents the survival rate of crickets of both pens. The number of survival crickets
are 354 and 269 for cricket in the pens with TE evaporative air-cooling system and without TE evaporative air-
cooling system, respectively. The survival rate of crickets in pens with TE evaporative air-cooling system is
88.50%, while another pens has a survival rate of 67.25%. From the results, it has been shown that the
temperature-controlled pens have a higher occupancy rate than non-temperature-controlled pens at 21.25%.
The Survival rates depend on the suitability of the temperature used to feed.

Table 3. Number of daed crickets

Day Dead crickets reared in pens  Dead crickets reared in pens
with TE evaporative air- without TE evaporative air-
cooling system cooling system
1 5 10
2 3 9
3 4 11
4 2 15
5 4 8
6 1 6
7 6 10
8 3 8
9 3 8
10 4 6
11 2 7
12 3 9
13 1 10
14 3 8
15 2 6
Total 46 131

Table 4. Crickets’ survival rate

crickets raised in pens crickets raised in pens Different
with TE evaporative without TE evaporative between two
air-cooling system air-cooling system rearing pens
Number of survive crickets 354 269 85
Survival rate 88.50% 67.25% 21.25%

5. CONCLUSION

The TE evaporative cooling air-system for cricket farming has been fabricated and tested in this work.
The experimental results show that the proposed system can reduce the higher ambient air temperature in the
cricket rearing pens to be appropriate temperature for cricket rearing. The average temperature of the cricket
rearing pens with TE evaporative air-cooling system is 29.66 °C, with the highest temperature at 31.4 °C. While
cricket rearing pens without TE evaporative air-cooling system had an average temperature of 33.75 °C, with
the highest temperature at 37.1 °C. The average reduced temperature of the cricket rearing pens with TE
evaporative air-cooling system is 4.09 °C, when compared to ambient temperature in the pens without this
system. In addition, from the ability of the propsed system to be able to control the temperature suitable for
crickets rearing, it also can improve the survival rate of crickets. The survival rate of crickets reared in the
proposed system is increased by up to 21.25%. Thus, from the results it can be concluded that this proposed
TE evaporative air-cooling system is one of the alternatives that can be used to control the temperature that
appropriate for the cricket rearing process.
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