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ABSTRACT
Conventional refrigeration systems use ChloroFluoro Carbons (CFCs) and Hydro Chlorofluorocarbons
(HCFCs) as heat carrier fluids. Use of such fluids in conventional refrigeration systems has a great
concern of environmental degradation and resulted in extensive research into development of novel
refrigeration technologies. Thermoelectric Refrigeration (TER) has emerged as a promising refrigeration
technology due to their distinct advantages. The research and development work carried out by
different researchers on novel TER system is thoroughly reviewed in this paper. The present group
of authors is also conducting research for development of thermoelectric refrigeration system powered
by solar photo voltaic (PV) cell generated DC voltage which will be suitable for Indian climate
conditions and applicable for rural health centres. Researchers developed first prototype of TER
system with a refrigeration space of 1000 cubic centimeter (1Liter)  by using four numbers of Peltier
module (Qmax=19W) and four numbers of Heat sink fan assembly with thermal resistance of 0.50 0C/
W to increase heat dissipation rate. Experiments were conducted on developed prototype of
thermoelectric refrigeration system and result shows a temperature reduction of 11.50C in refrigeration
space with respect to 300C ambient temperature.

Key Words :  Thermoelectric Refrigeration (TER), Peltier effect, Figure of merit, Coefficient of
Performance (COP), Chloro Fluoro Carbons (CFCs)
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List of Symbols
COP Coefficient of performance
DC Direct Current
I Electric Current, Ampere
K Thermal Conductance, W/K
PV Photo voltaic
Qc Rate of heat absorbed at cold junction, Watt
R Electrical Resistance, Ω
TER Thermoelectric refrigerator
TEC or TEM Thermoelectric cooler or thermoelectric Module
Th Hot Junction temperature, Kelvin, 0C
Tc Cold Junction temperature, Kelvin, 0C
W Input Electrical Power, Watt
Z Figure of merit, 1/K
αpn The difference between the absolute Seebeck coefficient of p and n

material, V/K
ρ Thermoelectric material Electrical Resistivity, Ω.m
λ Thermoelectric material Thermal conductivity, W/(m.K)
α Thermoelectric material Seebeck coefficient, V/K
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Fig. 1 : Schematic diagram of a thermoelectric cooling module

The Coefficient of Performance is defined as:

The overall rate of consumption of electrical
energy is given by:

INTRODUCTION
In recent years, with the increase awareness
towards environmental degradation due to
production, use and disposal of heat carrier (CFCs
and HCFCs) fluids in conventional refrigeration
systems has become a subject of great concern.
The major hazards to the environments are
stratospheric ozone layer depletion and the
greenhouse effect due to the presence of CFCs
and HCFCs in the troposphere. Besides, these
kinds of refrigeration systems having limitation of
use of grid power and same cannot be utilised for
remote applications. Researchers are continuously
giving efforts for development of eco-friendly
refrigeration technologies like thermoelectric,
adsorption, magnetic and thermoacoustic
refrigeration.  Xi et al.1 presented in their study
that thermoelectric refrigeration emerges as
alternative green refrigeration technology due to
their distinct advantages as noiseless and wearless
due to no moving parts, reliable, portable and
compatible with Solar PV cell generated DC
power, making them complete environment
friendly. A detailed comparative study of vapour
compression, thermoelectric and absorption
refrigeration system has been conducted by
Bansal et al.2 to compare the development cost,
energy consumption, noise intensity production and
COP for these three refrigeration systems.
Thermoelectric cooling works on the principle of
Peltier effect, when a direct current is passed

between two electrically dissimilar materials heat
is absorbed or liberated at the junction. The
direction of the heat flow depends on the direction
of applied electric current and the relative
Seebeck coefficient of the two materials. A Peltier
module or thermoelectric cooling module Fig.1 is
a solid-state active heat pump which consist a
number of p- and n- type semiconductor couples
connected electrically in series and thermally in
parallel are sandwiched between two thermally
conductive and electrically insulated substrate.
The rate of heat absorbed at cold junction of a
thermoelectric cooler is expressed as3

The cooling effect of a semiconductor material
depends on a combined effect of the material’s
Seebeck coefficient, electrical resistivity and
thermal conductivity over the operational
temperature range of cold and hot side named as
figure of merit and expressed as3
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Developments in novel thermoelectric
refrigeration systems
Dai et  al .  4eveloped a  thermoelectr ic
refrigeration system powered by solar cells and
carried out experimental investigation and
analysis. Researchers developed a prototype
which consists of a thermoelectric module,
array of solar cell, controller, storage battery
and rectifier. The studied refrigerator can
maintain the temperature in refrigerated space
at 5–100C, and has a COP about 0.3 under
given conditions. Min et al.5 have developed a
number of prototype thermoelectric domestic-
refrigerators with different heat exchanger
combination and evaluated their cooling
performances in terms of the COP, heat
pumping capacity, cooling down rate and
temperature stability. The result shows that

thermoelectric refrigerators, which employ a
liquid cir culating system as their  heat
exchangers, possess a lower COP than that
using a forced air convection system. The COP
of a thermoelectric refrigerator is found to be
0.3-0.5 for a typical operating temperature of
50C with ambient at 250C. Wahab et al.6  have
designed and developed an affordable solar
thermoelectric refrigerator for the desert people
living in Oman where electricity is not available.
In this study, they used 10 nos. of thermoelectric
module in design of refrigerator. The experimental
results indicated that the temperature of the
refrigeration was reduced from 270C to 50C in
approximately 44 min. The coefficient of
performance of the refrigerator was calculated
and found to be about 0.16. Fig. 2

Fig. 2: Schematic diagram of a solar powered thermoelectric refrigeration system

Hara et al.7 developed a solar-driven
thermoelectric cooling headgear to cool the
forehead and provide thermal comfort for people
in cases of sitting, walking and bicycling. The
experimental result shows that the maximum
temperature difference of 4–50C for thermal
comfort can be provided when sixteen pieces of
silicon crystal solar cell with use of a
thermoelectric module. Abdullah et al.8 have

carried out an experimental study on cooling
performance of a developed hybrid Solar
Thermoelectric- Adsorption cooling system. The
developed system produced cooling via the Peltier
effect during the day, by means of thermoelectric
elements, and through adsorption (activated
carbon-methanol) process at night. They evaluate
the coefficient of performance by using derived
equations, the average COP values of the hybrid
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cooling system were found about 0.152 for
thermoelectric system and about 0.131 for
adsorption. Putra9 has designed, manufactured and
tested a portable vaccine carrier box employing
thermoelectric module and heat pipe. He used heat
pipe as a heat sink on the hot side of the TEM
enhanced the cooling performance. The minimum
temperature reduced in the vaccine carrier cabin
of developed system was -100C, which meet that
desired temperature for vaccine storage.
       MATERIAL AND METHODS
Configuration of developed thermoelectric
refrigeration system
Authors designed and developed the first
prototype of thermoelectric refrigeration system
Fig. 3 working on DC voltage and also can be
powered by solar photo voltaic (PV) cell
generated DC power. A refrigeration box with
refrigeration space of (150x60x110 mm3) has been
developed with outer casing of MS sheet and for

thermal insulation a polyurethane sheet was
provided inside the box to prevent reversal of heat
flow. A thin cupper sheet (0.4mm) has been fixed
inside the box for uniform distribution of
temperature.  Four numbers of thermoelectric
modules were used to reduce inside temperature
of refrigeration space. Cold side of TEM mounted
on cupper sheet and hot side of modules were
fixed with heat sink fan assembly. Four numbers
of black anodized heat sink fan assembly with
thermal resistance (0.50 0C/W) were used for
each module to enhance the heat dissipation rate.
The detail specifications of the TEM and heat
exchanger are presented in (Table 1 and Table 2).
A DC power supply device was developed for
precise control of DC voltage supplied to TEM.
An eight channel data acquisition system with PT
-100 temperature sensors and humidity sensor
provided by Nippon Technologies Mumbai was
used for online performance recording of
developed thermoelectric refrigeration system.

Fig. 3 : Developed TER system with experimental test setup
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Table 1: Specifications of used thermoelectric module

S/N Specifications Unit Value

1. Maximum Power (Qmaxi) (W) 19

2. Maximum Current (Imaxi) (A) 3.9

3. Maximum Voltage (Vmaxi) (V) 7.8

4. Maximum temperature difference (dTmaxi) (0C) 74

5. Size (LxWxH) (mm) 30x15x3.6

6. Number of Couples (N) 10

S/N      Specifications Unit Value
1. Width of Heat Sink base (mm) 60
2. Length of Heat Sink base (mm) 60
3. Base thickness of Heat Sink (mm) 4.6
4. Fin length (mm) 60
5. Fin thickness (mm) 1
6. Fin height (mm) 6.8
7. Channel width (mm) 1.8
8. Numbers of fin Nf 14
9. Thermal resistance of Heat Sink (0C/W) 0.50
10. Fan DC power (Watt) 1.8W (12V)

Table 2 : Specifications of used black anodized aluminum plate fin heat sink fan assembly

RESULTS   AND  DISCUSSION
Experiment and test result discussion
First the experiments were conducted for
performance evaluation of above specified single
thermoelectric cooling module. The performances
(Cooling down rate and temperature stability) of
TEM was evaluated at variable input electrical
current conditions (0.25Imaxi, 0.5Imaxi & 0.75Imaxi)
and at natural as well as forced air convection
condition for heat dissipation from hot side of
TEM. The evaluated input electrical current
condition and heat dissipation condition for
optimum performances of TEM was used for
performance evaluation of first prototype of
developed thermoelectric refrigeration system.
The test results presented in Fig.4 showed for
input electrical current 0.5Imaxi (I=2.0 Ampere &
V= 5.5 Volt) and at forced air convection condition
the cooling down rate (Temperature reduction at

cold side of module with respect to ambient at
300C) was higher than at natural air convection.
Also the temperature stability (Duration of reduced
temperature difference) was longer for forced air
convection at input electrical current 0.5Imaxi. The
first developed prototype of TER was tested for
performance evaluation with these optimised
conditions and the test results are shown in Fig.5.
The temperature of refrigeration space of TER
system was reduced from 29.10C to 17.60C in
first 70 minutes with respect to 300C ambient
temperature and after that this temperature
difference was stable because no further heat is
dissipating from hot side of TEM for given
operating condition. The temperature of inside wall
of refrigeration enclosure was reduced rapidly
from 19.20C to 40C in first 6 minutes due to high
thermal conductivity of cupper sheet and higher
heat transfer rate after that temperature reduced
gradually.
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Fig. 5 : Experimental results of first prototype of developed TER system

Fig. 4 : Performances of single TEM at Natural and Forced air Convection

CONCLUSION
The experimental results of developed prototype
of TER system shows that the performances were
optimum for a given operating conditions
I=0.5Imaxi (I=2.0 Ampere & V= 5.5 Volt) and
forced air convection heat dissipation. The

performances of TER system may be improved
further with development of better thermally
insulated enclosure and efficient heat exchange
technology. Also the research effort made by
different researchers for design and development
of novel thermoelectric refrigeration systems are
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presented in this paper. The research result shows
that thermoelectric cooling systems are generally
only around 5–15% as efficient compared to 40–
60% achieved by conventional compression cooling
system. This is basically limited by thermoelectric
material property (Figure of merit) and efficiency
of heat exchange system. Continuous efforts are
given by researchers for development of
thermoelectric materials with increase figure of
merit may provide a potential commercial use of
thermoelectric refrigeration system. Also
compatibility of Thermoelectric cooling system with
solar driven energy made them more useful and
appropriate for environment protection.
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