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ABSTRACT

Immunization is an effort to actively generate/increase a person's immunity to a disease, so that if one day they are
exposed to the disease, they will not get sick or only experience mild illness. This is done by administering a vaccine
into a person's body. Vaccines used to form antibodies have some susceptibility or weakness to damage. Vaccines have
the potential to be damaged when exposed to heat and freezing temperatures. Vaccines should be stored at a tempera-
ture between 2 oC - 8 oC continuously. Vaccine storage should not reach the freezing temperature of the vaccine so as
not to damage the function of the vaccine itself. Often the temperature of the vaccine increases over long journeys,
thereby increasing the exposure of the vaccine to heat. This happens a lot when administering vaccines to remote
border areas and islands, especially in border areas. The quiet design of vaccine cooler boxes is important by taking
into account the ability to maintain room temperature. Factors that must be considered in designing this include insu-
lating materials, electrical equipment and technology indicators, energy storage media discussed here. Parameters that
affect tool performance are also discussed. So with this paper we can learn how to design a vaccine box comprehen-
sively to produce a device that meets health standards.
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1. INTRODUCTION
Immunization is an action to provide immunity to a

here. Parameters that affect tool performance are also dis-
cussed. So with this paper we can learn how to design

disease by giving a vaccine to the body. The immunity in
question is the ability to prevent disease or minimize the
effects caused by the disease to a person [1]. This is done
by administering a vaccine into a person's body. Vac-
cines used to form antibodies have some susceptibility or
weakness to damage. Vaccines have the potential to be
damaged when exposed to heat and freezing tempera-
tures. Vaccines should be stored at a temperature be-
tween 2 °C - °8 C Vaccine storage should not reach the
freezing temperature of the vaccine so as not to damage
the function of the vaccine itself. Often the temperature
of the vaccine increases over long journeys, thereby in-
creasing the exposure of the vaccine to heat. This hap-
pens a lot when administering vaccines to remote border
areas and islands, especially in border areas. The quiet
design of vaccine cooler boxes is important by taking into
account the ability to maintain room temperature. Factors
that must be considered in designing this include insulat-
ing materials, electrical equipment and technology indi-
cators, solar energy or energy storage media discussed

vaccine boxes comprehensively including the concept of
heat transfer, insulation materials, phase change materi-
als, Thermo Electric Cooling (TEC) and optimization of
tool performance to produce equipment that meets health
standards.

2. HEAT TRANSFER AND INSULATION

Heat transfer is the transfer of energy that occurs
due to a temperature difference between objects or ma-
terials. The energy that is transferred is called heat or
heat. In a thermoelectric cooling system, heat transfer
occurs by conduction and convection. Conduction heat
transfer occurs in the heat sink on the hot side of the
peltier and on the heat sink on the cold side of the peltier.
Meanwhile convection heat transfer occurs in the air
that passes through the heat sink, and the air in the room
or test equipment.

Conduction heat transfer occurs when there is a

temperature difference between two surfaces separated
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by asolid or fluid. Another requirement of this heat trans-
fer model is that there is no bulk movement of the media,
whether it is caused by heat transfer or external equip-
ment. Conduction occurs because of the contact of mol-
ecules/particles, and energy moves from molecules/par-
ticles that have more energy to particles with lower en-
ergy. The average amount of energy that moves per unit
time in the conduction process is known as the heat trans-
fer rate q., (W/m2) we can calculate using an equation
known as Fourier's law.

Qla = —k. A )
Where A is the area in the direction of displacement (m?)
and is directly proportional to the temperature gradient
dT/dx in the same direction of displacement, where K is
the thermal conductivity (W/m.°C). When expressed in
heat energy (joules), the equation becomes:

Qcp = k. (T, = Tc) = k. AT 2

The second heat transfer mode is convection, this
heat transfer model takes place between the surface and
the medium / fluid that passes through the surface. The
movement is not only microscopic as in the conduction
heat transfer model, but there is also a macroscopic bulk
movement. So that energy transfer takes place through
bulk movement of the fluid (advection) and molecular in-
teractions in a natural way or using external equipment
such as pumps, blowers, compressors and so on. To cal-
culate the quantity of heat transfer by convection we use
an equation known as Newton's law of cooling.

qév = h. (Ts - Too) (3)
Where:
T,= Surface Temperature (°C)
T..= Fluid Temperature (°C)
h = Convection heat transfer coefficient (W/m? °C)

The third is heat transfer mode is radiation. Thermal
radiation is energy emitted by a surface at a finite tem-
perature. In the following discussion, the radiation that
occurs is focused on solid materials, although emissions
may occur in fluids or gases. Radiant energy is carried
through electromagnetic waves in contrast to conduction
or convection heat transfer which requires a medium, ra-
diation does not. In fact, the radiation energy transfer pro-
cess is most effective under vacuum conditions.
Radiation always travels at the speed of light, 3 x 10%°
cm/s. Thermal radiation propagation takes place in the
form of quantum and each quantum contains energy of :

E=hv, 4
h = konstanta Planck, 6,625 x 10* J.s
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In the design of the vaccine box, the material selec-
tion is divided into 2. Namely, thermal insulation materi-
als and materials for storing heat in the media so that the
cooling effect can be longer or better known as Phase
Change Material (PCM). Understanding thermal insula-
tion in general is a method or a series of processes used
to reduce or reduce the rate of heat energy transfer. The
energy as described above can be attenuated in several
ways, hamely conduction, convection and radiation. The
amount of heat energy flowing in a material varies, de-
pending on the nature of the thermal conductivity of the
material used.

Table 1. Materials thermal conductivity value

Material k, W/m - °C*
Diamond 2300
Silver 429
Copper 401
Gold 317
Aluminium 237
Iron 80.2
Mercury (1) 8.54
Glass 0.78
Brick 0.72
Water (1) 0.613
Human skin 0.37
Wood (oak) 0.17
Helium (g) 0.152
Soft rubber 0.13
Glass fiber 0.043
Air (9) 0.026
Urethane, rigid 0.026
foam

Materials used to reduce the rate of heat transfer are
called insulators or insulators [2]. In the process or
method, the first step is very important to know the type
of insulation so that there are no mistakes in the selection.
The ability of a particular solid to conduct heat is called
its thermal conductivity or is known as the k factor. To
choose a material that has good insulation, the smallest
value of k is chosen. The following are several types of
insulation materials based on their thermal conductivity
values.

3. PCM MATERIAL

Phase Change Material (PCM) is generally widely
used in cooling systems. This material has a high melting
heat, melts and freezes at a certain temperature and has
the ability to emit or generate high enough energy. The
melting point of PCM ranges from -33 °C to 101 °C with
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the use of TEA-16, ethylene glycol, n-Dodecane, and wa-
ter to protect the freshness of products such as fruit, fish,
meat or vaccines with melting points ranging from -16
°C,-115°C,-9.6 °C,and 0 °C [3].

Materials consist of 3 states, namely solid, liquid
and gas, which requires latent heat to change its state.
Phase change material is one type of thermal energy stor-
age that is able to maintain temperature for a certain pe-
riod of time. The external heat is used to break the inter-
nal lattice bonds of the PCM material, thus it absorbs a
large amount of latent heat at the phase temperature.
When the PCM temperature drops below the phase
change temperature (sub cooling or under-cooling), this
state can be used as a nuclear shield for phase change.
Phase reversal begins at the phase change temperature by
releasing latent heat back into the environment when
conditions are under sub-cooling. For this reason the re-
quirement of sub-cooling conditions for phase change is
an important property of PCM [4]. Figure 1 presents a
working phase change scheme of matter in a solid-liquid
PCM example.

Heat Storage
Increase of PCM

. Heat Storage
Ambient Solid to Liquid phase ] \ #

Temperatur
PCM PCM
Liquid
Solid fau!
ot N ‘ pCM ‘ /

Decrease of
Releasing Liquid to Solid phase

Ambient
Temperatur

Figure 1. Phase change material working scheme [5]

Latent heat is a property of a substance that is re-
quired to change phases at a constant temperature. PCM
is a reliable material in terms of latent heat properties be-
cause it has the capability of 2-3 times as sensible heat at
a temperature of 200C per unit volume or mass of mate-
rial. In general, these materi-als can be classified into 3
major groups, namely in-organic PCM materials, organic
PCMs, and eutectic PCMs, each of which has different
types and charac-teristics with advantages and disad-
vantages [6][7]1[3]1[8][9][10][11]. In Figure 2 in more de-
tail you can see the branching of several types of PCM
that are commonly used in the market and have been
mass produced and engineered to improve their material
properties in many current studies.
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Phase Change Materials
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Figure 2. Phase change Material Classification Solid-
liquid material PCM is best suited for thermal energy
storage.

Solid-liquid PCM consists of organic PCM. A compari-
son of these different types of PCM is listed in Table 2.

Table 2. Comparison of various types of PCM [8]

Classi- | Advantages Disadvantages
fication
Or- 1. Availability in a 1. Low thermal
ganic large temperature conductivity
PCMs range (around 0.2
2. High heat of fusion W/m K)
3. No supercooling 2. Relative
4. Chemically stable large volume
and recyclable change
5. Good compatibility | 3. Flammability
with other materials
Inorganic PCMs
In Or- 1. High heat of fusion | 1. Supercool-
ganic 2. High thermal con- ing
PCMs ductivity (around 2. Corrosion
0.5 W/m K)
3. Low volume
change
4. Availability in low
costEutectics
Eutec- 1. Sharp Melting tem- | Lack of currently
tics perature available test
2. High volumetric data of thermo-
thermal storage physical proper-
density ties
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Table 3. Comparison between the different methods of heat storage [17].

Property Rock Water Organic PCM Inorganic PCM
Density, kg/m3 2240 1000 800 1600
Specific heat, kJ/kg 1.0 4.2 2.0 2.0
Latent heat, kJ/ kg - - 190 230
Latent heat, kJ/mz - - 152 368
Storage mass for 106 J, kg 67,000 16,000 5300 4350
Storage volume for 106 J, m3 30 16 6.6 2.7
Relative storage mass 15 4 1.25 1.0
Relative storage volume 11 6 2.5 1.0

3.1 PCM Thermal Stability

PCM requires good stability in latent heat storage.
Changes in the thermal properties of the PCM should not
be too large after the thermal cycle occurs. Many studies
have been carried out on the stability of PCM for salt hy-
drates, organic  mixtures, inorganic  mixtures
[12][13][14].

From several researchers, it was found that potential
PCM data were identified as having good stability and
thermo-physical properties. As, Shukla et al [15] who
tested the thermal cycle on several organic and inorganic
PCMs where this test was based on physics, chemistry,
thermal and kinetic as shown in Table 3. From several
existing research results it can be shown that organic
PCM has better thermal stability than inorganic PCM.

Research on the properties of melting temperature
and heat of smelting for calcium chloride hexahy-drate
material on the thermal cycle has been carried out by
Tyagi and Buddi [16], but the results of these studies do
not show a significant thing, only 1-1.5 C or about 4% in
every 1000 thermal cycles. However, Calcium chloride
hexahydrate is also recommended as a PCM that has a
good future for application in various industries for ther-
mal engineering.

3.2.Application of Commercial PCM

In its application, PCM is widely used for needs
such as air conditioning, absorption refrigeration, vac-
cine boxes or fresh food storage, dispensers that use
cooling technology, HVAC systems or several other
thermal applications that require cold and hot properties
of the material. Melting point properties are very im-
portant to note in the use of PCM, for air conditioning
applications, fresh food storage is at temperatures below
15 °C. while for the application of the vaccine box, the
melting point of PCM is around 4 - 6 °C, while materi-
als with temperatures above 90 °C are used for absorp-
tion refrigeration systems [7].

Commercial paraffin wax has a medium thermal
storage density, which is around 150 MJ/m3 or equiva-
lent to 200 kJ/kg with a good melting tempera-ture range

as shown in the figure. 3a. Subcooling or known as un-
dercooling is a property in which the lig-uid phase is at a
temperature below its normal boiling point. In PCM ma-
terial, the properties of the material under subcooling
conditions are very good or stable in its chemical or phys-
ical properties. However, the thermal conductivity can be
said to be quite low, which is below 0.2 W/m C. The na-
ture of this PCM in its application becomes more limited,
for that Hasnain [17] tried to develop PCM material as an
energy storage medium by adding a metal filler metal
matrix on the tube / heat pipe to increase the rate of heat
transfer.

Figure 3. Latent heat of some materials

Thermoelectric is a semiconductor material that has
been developed since the 1950s with Bi2Te3 as the base
material. This material is then well known in the commu-
nity and then commercialized into mass products pro-
duced by large industries. [18].

This thermoelectric device is not only used for cooling
system applications, but can also be converted into a
power plant or its known as the "Seebeck effect” which
became known in 1821, in the sense that this material has
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been known and has been developing for 2 centuries.
When there was a temperature difference on the 2 sides
of the hot and cold material surface of the semiconductor
material, an electric voltage occurs which was known as
the Seebeck voltage. The Seebeck effect is the opposite
of the Peltier effect, which uses electrical energy to cool
the material. Both of these functions in development are
applied in various fields according to needs. In air condi-
tioning applications, this thermoelectric is quite effective
in cooling the room with a much lower electrical power
consumption than a vapor compression cooling system
[19].

The thermoelectric construction consists of a
pair of p-type and n-type semiconductor materials that
form a thermocouple. This module can be used to gener-
ate heat and cold on each side if an electric current is used
normally applied as a cooling system [19], [20], for ex-
ample vaccine cooler boxes [21], [22], [23],[24] or to
generate electricity when hot and cold are used as the
temperature difference [19], [25].

3.1.Performance Modul Termoelectrik

To find the performance of the thermoelectric mod-
ule, it is presented with the equation can be written as
below.

Qsp = a.l.T, (5)

The symbol alpha « is the average Seebeck coefficient of
the thermoelectric material. From this equation we can
see the relationship between the rate of heat transfer that
is dissipated when flowing with the current. Thermal en-
ergy in Joules: The flow of current | produces resistive
heating or Joules (Q; ) in a thermoelectric material. This
energy is then divided into two, namely Joule heat to-
wards the cold end of 50% and another 50% towards the
hot end. Joule heating is given by equation (6) below:

Q, =I*R (6)

With the substitution method in Equations (2), (5) and
(6) and combined with the energy balance equation for
the hot and cold sides of the thermoelectric, equation (7)
will be obtained.

Qc =0Qsp —0.5.Q; — Qcp; = [a..T] -
05[1%.R] - [k.A.5 @)

Hence to calculate the energy consumption in this ther-
mocouple pair, the equation is :

Qz =I%R + a.I.AT (8)

In equation (8) it is known that if the amount of heat
is 50% of QJ and the heat of conduction (Qcd) is equal
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to the Peltier heat (Qsb) then the thermoelectric module
can be considered inoperative or Qc=0. So the COP of
the thermoelectric module for the cooling process is:
Qsp — 0.5. Q] - QCD] =
_ 2 pl— AT
[@.1.T,] — 0.5[1%.R] [k.A.dx

I>.R + a.l.AT

e€=0Q:/0Q =
)

The magnitude of the optimum (maximum) current at
the COP can be written as follows:

Iopt
_ a.AT/R (10)
Vi+Z.Tm — 1

If the magnitude of the current I is replaced with the op-
timum current I,,, then the magnitude of the optimum
COP can be written

Eopt

r, VI+ZTm -t
T Th—Te NI+ZTm+1

Parameters that show the relationship between Z (See-
beck coefficient), R (electrical resistivity) and k (thermal
conductivity) are indicated by dimensionless numbers by
multiplying by T (the average temperature of the hot side
and cold side of the thermoelectric module, K).

(11D

7T = 2T (12)

k.R

3.2.Development Of Thermoelectric Materials

Phonon-glass electron-crystal (PGEC) is known to
have good electronic properties, usually associated with
single-crystal semiconductors but will have thermal
properties like amorphous materials. Several researchers
[26][27] have investigated this PGEC material at the na-
noscale, where a bulk free electron is charged with car-
rying heat which in the process is disturbed for the
transport of heat

Today's main thermoelectric materials are gener-
ally doped, including clarates, skutterudites, and half-
Hesler alloys. Low-dimensional materials with 0-2 D
quantum wells process the quantum confinement effect
of electron charge-carrying atoms into an increase in the
Seebeck coefficient and power factor. In this nano-
material, the multiple interfaces of the material can scat
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Table 4. Thermoelectric materials, figure of merit and its temperature operation

Advances in Engineering Research, volume 210

Material Type ZT value Temperature Ref
Bi-doped PbSeTe/PbTe (QDSL) n-type 3 550 K [6]
In 0.2Ce0.15C04Sh12 Skutterudite n-type 1.43 800 K [7]
Pb0.25n0.25Ge0.5Te p-type ~0.95 670 K [8]
(Bi0.25Sb0.75)2Te3 p-type 1.27 298 K [9]
Bi2(Te0.94Se0.06)3 n-type 1.25 298 K [9]
K0.95Pb20Sb1.2Te22 n-type ~1.6 750 K [10]
PbTeeSrTe p-type 1.7 ~800 K [11]
Binary crystalline In4Se3_d n-type 1.48 ~705 K [12]
AgPbmSbTe2bm n-type ~2.2 800 K [13]

ter phonons effectively. As a result, the thermal con-
ductivity of the material will decrease more than the re-
sulting electrical conductivity [18].

The best commercial thermoelectric materials cur-
rently have a ZT value of about 1.0. The highest ZT value
in the study was around 3, reported by Harman in 2005
[28]. The maximum efficiency of the thermoelectric ma-
terial is determined by the thermoelectric figure of merit
or known as ZT. The best thermoelectric material has a
figure of merit value of 1.2 - 2.2 in the temperature range
of 600-800 K, as shown in Table 4, Bi-doped PbSeTe/Te
is a material with the highest figure of merit, which is 3.

According to Disalvo [29] a ZT value of 1.0 is con-
sidered to have a Carnot efficiency close to 10%. While
the highest Carnot efficiency in the use of thermoelectric
is equivalent to a figure of merit 4.0. However, the value
of ZT 4.0 is certainly not an easy challenge [29].

4. DISCUSSION

In the design of a cooling system using
thermoelectric, it is important to pay attention to the
operating power output of the appliance as well as the
amount of cooling COP by considering the performance
of the thermoelectric module and the design of the heat
sink. So finalization Therefore, in fact, the design of the
thermoelectric cooling system from the design of the
cooling system in the end is optimization to get minimum
power with maximum COP. This has practically become
the standard used by a designer to design a cooling
system using thermoelectric. There are 3 things that need
to be considered in designing a thermoelectric-based
cooling system. First, the dimensions and geometry of
the thermoelectric module such as length, surface area,
flatness, length and area ratio, slenderness ratio and
number of elements are very important in designing
thermoelectric systems. Second, the placement and
number of thermocouples, the quality of the thermal
paste (thermal contact resistance), the selection of the
type of heat sink, the surface area of the heat sink, the
ability of the heat sink to transfer heat is also important.

voltage, selection of electric power storage (battery),
series and parallel installation methods are also important
to note and the cooling mass flow rate with the selection
of fans, water tubes material as cooling media and mass
flow rate of cooler fluid are also things that need to be
considered and greatly determine the performance of the
system. Several methods were adopted by several [30])
to optimize the design with the genetic algorithm method
by optimizing the physical properties of the
thermoelement. Meanwhile [31] tried to do tests with
variations in dimensions, geometry and number of
thermoelectric elements presented with a graphical
approach that is easy to understand by users. Lee, 2013
presented a thermodynamic analysis with an approach
through temperature analysis, the entropy shown in the
cooling cycle of the thermoelement. A dimensionless
analysis method with the aim of reducing the optimal
design parameters has been carried out, as well as an
entropy analysis based on thermal conductance to
evaluate the external irreversibility of the thermoelectric
cooling system by combining the first and second laws
of thermodynamics. [32] also developed a new
dimensional group to represent several important
parameters for designing thermoelectric cooling systems
such as thermal conduction ratio, conduction convection
ratio, and load resistance ratio.

The heatsink basically works by transferring heat
from the thermoelement component to the free air. The
temperature of the thermoelements is maintained at
atmospheric temperature, so that the increase in the
thermoelements can be removed as large as possible to
produce a large temperature difference on the hot and
cold sides. The difference in temperature and
construction causes the power generation potential. In a
single  thermoelectric module to be different
characteristic depending on the size. If the temperature
difference is getting bigger on the hot side and the cold
side, the module will produce a larger voltage and
current. A number of thermoelements in the installation
can be connected in series or parallel to produce the
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desired voltage or electric current. Several types of
thermoelements on the market, the average voltage
produced by each thermoelement module ranges between
1-2V DC and even up to 5V DC depending on the
temperature delta variation, but generally one
thermoelectric module produces 1.5-2V DC [33].

The development of the use of nanofluids as a
medium for increasing the heat transfer coefficient has
also been carried out by several researchers resistance
[34][35] where the results of these studies show that there
is a better potential in maintaining thermal resistance and
stability.

The performance of the heat sink on the hot side is
more important than the heat sink on the cold side
because the heat flux density on the hot side is higher.
The pattern of placement and dominance of the heat
transfer areas on the hot and cold sides is very important.
It is also linear with the value of the heat transfer
coefficient which needs to be optimized on which side.
For thermoelectric modules with a certain cooling
capacity, there is an optimal allocation ratio to achieve
maximum COP. Some typical allocation ratios are
around 0.36 - 0.47.

Energy balance modeling of thermoelectric
refrigeration systems can be used in many thermoelectric
refrigeration applications such as refrigeration of
electronic devices (dispensers, vaccine storage boxes
etc.) and air conditioners.

In the numerical studies that have been carried out
on p-type and n-type thermoelements, there are different
values of electrical conductivity, Seebeck coefficient and
thermal conductivity in one thermoelectric module, to
some extent. However, this difference is small enough
that it can be ignored. Therefore, only a set of Seebeck
coefficients, electrical and thermal conductivity will be
used in the simulation. Modeling temperature changes
across all thermo elements to capture module
performance is complex and time consuming. Energy
balance models or compact models can be applied to
simplify the numerical study process, especially for
modeling systems including heat sinks on the hot and
cold sides.

In the study of the relationship between the Thomson
effect on the Seebeck coefficient, it is concluded that
these parameters are influenced by temperature. The
value of the Thomson coefficient can improve the
thermoelectric cooling performance by about 5-7% [36],
If the Thomson coefficient is negative, the cooling
performance will decrease  [32]. In commercial
thermoelectric coolers on the market the Thomson effect
is small and can be neglected. [37] . In the development
of the Thomson cooler concept and the equivalent ZT
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approximation a higher hot/cold side temperature
difference can be achieved in traditional Peltier coolers.

The coefficient of performance and cooling capacity
depend on the length of the thermoelement. This
dependence is seen in the decrease in the length of the
thermoelement. If other parameters (such as cross-
sectional area) of the thermoelement are constant, then in
general, a longer thermoelement length helps to achieve
a larger Coefficient Of Performance, and a shorter
thermoelement length results in a greater cooling
capacity. Most commercially available thermoelectric
modules have a thermoelement length range from. 1,0 .
10° m to 2,5 .10° m. There is an increase in cooling
power density when the ratio of the length of the
thermoelement to the cross-sectional area decreases.

The thermal contact resistance at the interface layer
of the thermoelement affects the thermoelectric cooling
capacity and its COP. An increase in the ZT of a
thermoelectric material does not usually result in an
increase in the ZT of a thermoelement during the
presence of an interface layer [38].

For a given hot and cold side fluid temperature, there

is an optimal cooling capacity leading to the maximum
COP [39]. Analisis tanpa dimensi adalah alat yang
ampuh untuk mengevaluasi Kkinerja sistem pendingin
termoelektrik. Dimensionless analysis is a powerful tool
for evaluating the performance of thermoelectric cooling
systems. New dimensionless parameters, such as
dimensionless entropy generation humber [40].
The process and proper installation method play a
very important role in providing high-quality
thermoelectric modules, and selecting the
appropriate module  parameters. Current
applications of thermoelectric cooling can be
categorized into five application areas. First, in the
civil market, thermoelectric refrigeration devices
are used to cool household appliances such as
domestic and portable refrigerators, portable ice
boxes, beverage can coolers and picnic baskets.
Second, this technology is also applied to medical,
laboratory and scientific applications. cooling
equipment for laser diodes or integrated circuit
chips. Third, thermoelectric refrigeration devices
have attracted great attention for heat dissipation in
industrial refrigeration and temperature control
electronic devices. All four applications can be
found in the automotive industry, such as car mini
refrigerators, thermoelectric coolers/heaters in car
seats. The last is the use of this technology for
domestic thermoelectric air conditioning systems
[22], [41], [42], [43].
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5. CONCLUSION

This paper presents the design optimization of cool-
ing box devices using Thermoelectric Cooling which is
well known today. The heatsink is a new dimension pa-
rameter introduced in this thermoelectric technology.
Design optimizations include power output for cooling
and Coefficient of Performance which is simultaneously
related to the external load resistance and geometry of the
thermoelectric element. Several parameters that affect
the thermoelectric design include thermal conductivity,
convection heat transfer coefficient, the amount of cool-
ing load, efficiency and the desired ambient temperature
and operating temperature. Design optimization is
achieved at a high coefficient of merit and has an effect
on the coefficient of performance (COP).

This paper also discusses the development of ther-
moelectric cooling in the material aspect, its modeling
and application. Advances in thermoelectric materials
through nanotechnology allow for a significant increase
in the ZT factor.

This paper also discusses the potential of PCM,
where it also offers opportunities for the development of
innovative materials by combining energy storage with
other functional attributes.

There are three ways to improve performance in the
selection of the thermoelectric model, namely first
through good design and optimization of the thermoelec-
tric module, Second, namely the design and optimization
of the cooling system, third, improving the working con-
ditions of the thermoelectric cooling system.
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