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Abstract- Preservation of perishable foods is a major issue where inconsistent electricity supply. In this study, a solar 

thermoelectric cooler (STEC) was fabricated by exploiting the solar energy and evaluated its cooling performance with and 

without product load. The STEC comprised of a thermoelectric module (TEM), inner and outer heat sink-fan fixed in the 

cooler box wall, and photovoltaic (PV) panel connected with the device through battery and PV charge controller. The PV 

power utilized to drive the device, charge the battery in the daytime, and the store electricity exploited during night time. The 

effect of varying input electric current on the cold side temperature of TEM, cooling capacity, power consumption and 

coefficient-of-performance (COP) were investigated. The results showed that the cold side temperature decreased to 5±0.2ºC 

in 120 and 180 min for without and with product load (0.5 kg fish fillets), respectively. The cooling capacity, power 

consumption and COP of the STEC were 23.8 W, 53.5 W and 0.44, respectively, at the input electric current of 3.5 A. The 

battery power was utilized to drive STEC for 5-6 h after sunset. The STEC could be considered as an alternate "green-option" 

to the domestic refrigerator where electricity is not accessible. 

Keywords Solar photovoltaic system, thermoelectric module, power consumption, cooling capacity, COP. 

 

1. Introduction 

Refrigeration demand is increasing worldwide, mainly 

for food preservation, medical services, automobile and 

household airconditioning, cooling of electronic and 

scientific instruments [1-3]. The vapour compression and 

vapour absorption refrigeration systems are widely used for 

domestic and industrial purposes due to their high 

coefficient-of-performance (COP); however, they consume 

high electric power, uses liquid refrigerants which have 

negative environmental impacts, and not easy to develop as 

portable and lightweight devices for outdoor use [4,5]. The 

large size of the vapour compression refrigerator limits its 

application in small and temporary places [6]. Thermoelectric 

cooling systems (TECS) have many advantages over other 

systems, in fact, no irreversible harm to the environment, 

rapid thermal response, noiseless, compact in size, 

lightweight, portable, high reliability, low-cost production, 

less maintenance, long lifetime, viable for outdoor use 

combined with solar photovoltaic cells, and attractive to use 

as mini-refrigerator for preserving foods and drugs in small 

places [6,7]. The TECS are widely used to cool laboratory 

equipment, thermal sensors in scientific equipment, computer 

equipment, and water cooling, low capacity cooling devices 

for domestic and industrial purposes [8]. However, there is a 

limitation to the TECS that too low COP even less than one 

[4]. 
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Refrigeration energy is a big issue where inconsistent 

supply of electricity and difficult to get conventional fuels. 

Solar energy is the adequate solution for today and long term 

energy crises and important green resource because of its 

flexibility, simplicity and abundant supply of energy. The 

solar energy is an excellent option to generate clean 

electricity, and it has been exploited for different domestic 

and engineering applications [9-14]. Solar refrigeration could 

be an alternative to conventional refrigerators. In a solar 

refrigeration system, solar energy is converted into electrical 

energy by photovoltaic (PV) technology, utilized to drive the 

refrigeration systems [15]. Though the intensity of solar 

radiation varies with time, the cooling potential of the solar 

refrigeration system becomes maximum during the time of 

sunshine supply [16]. Thus it has been recommended as 

green cooling technology, especially in hot regions, where 

inconsistent supply of electricity and a great amount of solar 

energy available [5]. 

The TECS works based on the principles of the Peltier 

effect, briefly, pairs of n- and p-type semiconductor 

thermoelements (n-type has excess electrons whereas p-type 

has deficit), connected electrically in series and thermally in 

parallel, interconnected by copper strips, integrated thermally 

conducting ceramic plates on each side. When a DC flows 

across the junction of the semiconductors, one side will be 

cooled, whereas the other is heated depending on the 

direction of the current. If electrons flow from p-type to n-

type, heat is absorbed in the n-type side due to electrons 

jumping towards a higher energy state. The heat absorbed at 

the cooling side is transferred to the other side, becomes hot 

[17]. A single-stage thermoelectric module can transfer heat 

at a rate of 125 W or can accomplish a temperature difference 

up to 70°C [18]. The Peltier effect converts the input electric 

current into a temperature gradient, and heat transfer occurs 

from heat source to heat sink by electrons; thus, the system 

does not require any refrigerant [8]. 

In the past years, various research on the TECS has been 

carried out to enhance thermoelectric performances, energy 

efficiency, and optimum working conditions. Aboelmaaref et 

al. [5] illustrated that the cooling capacity and COP of 

thermoelectric air-conditioning system driven by solar 

photovoltaic panel 30 W and 2.2, respectively at a design 

point with an input current of 2.5 A, which suitable for saving 

energy. Chen et al. [7] reported that the cooling capacity and 

COP of the thermoelectric chiller driven by the direct current 

and solar cell were 11.9 W, 11.2 W and 0.35, 0.74, 

respectively, indicating solar-driven was significantly better 

than driven by direct current. Daghigh and Khaledian [8] 

demonstrated that the operation time, energy consumption 

and COP of compression cooling system and thermoelectric 

hybrid cooling system were 16,380 s, 8636.8 kJ and 5.3 and 

15,000 s, 7911 kJ and 5.4, respectively, indicating a better 

performance for the hybrid cooling system.  

Dai et al. [16] reported that the temperature of 

thermoelectric refrigerator driven by solar photovoltaic cells 

was ranging from 5ºC to 10ºC, and experimental COP was 

0.36. Min and Rowe [19] demonstrated that the COP of 

thermoelectric refrigerator was around 0.3-0.5 at an operating 

temperature of 5ºC and an ambient temperature of 25ºC. 

Abdul-Wahab et al. [20] Observed that the temperature of 

solar thermoelectric refrigerator declined to 5ºC from 27°C in 

45 min, and the COP of the device was about 0.16.  

Cheng et al. [21] investigated the cooling efficiency of 

the solar-driven thermoelectric module for green building 

applications. They found that the module was built a 

temperature difference of 16.2ºC between the model house 

and ambient. He et al. [22] reported that the temperature of a 

model room (0.125 m3) was reached to 17ºC at summer time 

and the COP of the thermoelectric cooling system driven by 

solar cells was higher than 0.45. Ohara et al. [23] reported 

that the portable thermoelectric vaccine refrigeration system 

achieved a minimum temperature of 3.4ºC and diminished 

power consumption by 50% when it reached twice the 

temperature difference.  

Gökçek and Şahin [24] reported that the COP of mini 

channel water-cooled thermoelectric refrigerator was 0.19 

and 0.23 for the flow rate 0.8 L/min and 1.5 L/min, 

respectively, at the end of 25 min and the corresponding inner 

temperatures of the refrigerator were 2ºC and -0.1ºC.  Atta 

[25] studied solar thermoelectric cooling using closed-loop 

heat exchangers with macro channels and reported that the 

system was cooled a closed room space of 30 m3 by 14°C 

within 90 min COP of 0.72 when the PV input current at 11.2 

Å and 12 V. Batra et al. [26] reported that the temperature of 

thermoelectric refrigerator was dropped by 6.7ºC and 8.6ºC 

under natural and forced cooling mode, respectively.  

In the literature, most of the research focused on utilising 

the integrated PV/thermoelectric systems for room air-

conditioning, water tank cooling and space cooling. Besides, 

most of these studies used conventional electrical power to 

drive TECS. However, the research on portable solar-

powered thermoelectric cooling systems for preserving 

perishable foods in the literature was very few [7,16,20] and 

showed the COP of less than 1.0. Hence, intensive research 

on the solar thermoelectric cooling systems needs to enhance 

its COP. There are no ready-made, user-friendly solar 

thermoelectric cooling appliances for the retail fruits, 

vegetables, drinks, and fish sellers in the remote and rural 

areas in India. This has particularly prompted to formulate 

the present investigation on the development of a portable, 

cost-effective solar thermoelectric cooler. The present 

investigation objectives were (i) to design and fabricate a 

portable, cost-effective solar-PV powered thermoelectric 

cooler (ii) to investigate the cooling capacity and COP of the 

fabricated thermoelectric cooler.  

2. Materials and Methods 

2.1. Sample preparation 

The cooling performance of the fabricated solar 

thermoelectric cooler (STEC) tested under hot weather 

conditions (during April-May 2019) of Santiniketan 

(23°40'N, 87°41'E), West Bengal, India. The average outside 

temperature was in the range of 30-34°C during this period. 

In this work, chillness of fish fillets stored in the STEC was 

tested, thus the fresh samples of about 0.5 kg kept in the 
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STEC. The following procedure was adopted while 

preparation of fish fillet samples. Freshly harvested basa fish 

were purchased from a local fish farm, stunned by applying a 

blow on the skull with a hammer, then slaughtering and 

bleeding of fish were done by cutting the gill arches and main 

blood vessel from the heart with a sharp knife. Then the fish 

were scaled, beheaded, gutted, washed with water, filleted, 

and packed in a low-density polyethene pouch. 

2.2. Description of experimental setup 

The portable STEC consists mainly of a cooler box, 

solar-PV module, power storage battery, thermoelectric 

module, heat sinks, and fans. The cooler box is a roto-

moulded plastic container made up of food-grade double 

tough high-density polyethene (HDPE), each 6 mm thick, and 

a refrigeration grade polyurethane insulation foam layer of 50 

mm thick filled in the double tough wall construction. The 

internal dimension of the cooler box is 0.36×0.28×0.25 m 

(length × width × height) with a volume of 0.0252 m3. A 

stretch hold down loops having a constant pressure 

mechanism used for closing the lid. Thermal conductivities of 

HDPE and polyurethane foam insulation materials are 0.44 

and 0.028 W/mK, respectively. The insulation is used to 

inhibit the backflow of heat and prevent any loss in the 

cooler's performance affected by external heat. The estimated 

total heat energy in the experimental cooler box was 41.52 W 

(Eq. 6). The cooler box used in this study was purchased 

from the Aristoplast Products Pvt. Ltd, Mumbai, India. 

A polycrystalline type solar-PV module with an actual 

power output rating of 100 Wp, efficiency of 13.2%, and size 

of 1032 × 672 mm was used in this study. The PV module 

size is based on the power requirement of the thermoelectric 

cooler and other factors (Eq. 24). The PV module was 

supplied by Vinova Energy Systems Private Limited, Tamil 

Nadu, India. The electrical power generated by the PV 

module was utilized to drive the thermoelectric cooler 

directly. A tubular type lead-acid battery with a storage 

capacity of 80 Ah was used to store the electrical power of 

the PV module, and store electricity can be exploited during 

night time. The battery capacity was chosen based on power 

for thermoelectric cooler, battery efficiency, electric 

discharging rate and other factors (Eq. 26). The storage 

battery was supplied by Silvex Exports Pvt. Ltd, Mumbai, 

India. A solar charge controller regulates the supply of 

electric power from the PV module to the storage battery. 

The thermoelectric module (TEM) is a solid-state heat 

pump that builds hot and cold sides when electric current 

flows across the module. The TEM converts the solar direct 

current (DC) to alternate current (AC) power. A 

thermoelectric module (model: TEC1-12705S, make: Hebei) 

was used in this study. Two heat sinks, one (size: 10×10×3 

cm) at the hot side and the other (size: 4×4×2.6 cm) at the 

cold side of the TEM, were fixed. Besides, two low power 

consumption fans (3 W), one at the backside of the hot side 

heat sink and the other at the cold side heat sink, were fixed 

as shown in Fig. 1. This complete thermoelectric assembly 

was fixed onto the cooler box wall, as shown in Fig. 2. The 

heat sink at the hot side amplifies the heat transfer rate from 

the hot side of the TEM; thus, the heat will be dispelled 

outside of the cooler box; it also protects TEM from 

overheating and maintains an ambient environment. The heat 

sink at the cold side of the TEM facilitate in cool the cooling 

space. The cooling fans used to reject extra heat from the hot 

side of the TEM to the ambient environment, better 

ventilation and maintain the TEM's effectiveness. Fig. 2 

shows the schematic diagram of the experimental setup. 

   
Fig. 1. Schematic arrangement of basic components of the 

thermoelectric cooling system. 

Fig. 2. Schematic diagram of the experimental portable solar 

thermoelectric cooler. 

2.3. Text procedure 

The solar-PV module was fixed with the required angle 

(40º) to receive maximum solar radiation incidence on the 

module. The PV module was connected to the solar charge 

controller, which connected with battery terminals using 

respective cables. The TEM was connected to the storage 

battery so that the red wire of the TEM connected with a 

positive power supply and the black wire with a negative 

power supply. The positive side of the TEM turns into the 

cold side of the TEM due to the absorption of heat, which is 

transferred to the other side, which became the hot side. The 

TEM's cold side was fixed inside the cooler box and the hot 

side of the TEM installed outside of the cooler box (Fig. 2). 

To evaluate the cooling performance of the STEC, power 

generation of PV module, the temperatures of hot and cold 
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sides of the TEM, power consumption, cooling capacity and 

COP were estimated. The power output of the PV module, 

current and voltage were measured using a digital multimeter, 

which connected with the PV module in parallel to measure 

the voltage and serially to measure the PV module's current 

rating. The temperatures of the cold side and hot side of the 

TEM were measured using T-type thermocouples wires. The 

thermocouples connected to the hot and cold sides of the 

TEM and other ends were connected with a digital 

temperature indicator with a resolution of 0.1ºC. The lab 

room temperature also recorded during the experiment. The 

voltage, electric current and power consumption of the STEC 

were measured using a digital energy meter. A data logger 

was used for logging the experimental data. 

2.4. Methodology of the experimental analysis 

In scientific studies on the solar-powered thermoelectric 

cooling system, calculations of total heat gain of the cooler 

box, COP of the thermoelectric module, and size of the solar-

PV module are the most important factors. 

2.4.1. Total heat gain of cooler box  

The cooling process is a function of heat transfer through 

the walls of the cooler box, product heat, heat given off by 

fan and heat due to air-infiltration into the cooler. The 

average outside temperature during the work was taken for 

heat calculation since outside temperature varies with time. 

The heat loss through the wall of the cooler box (Qw) was 

estimated using the following formula [24]: 

Qw = AcU(T0 - Ti)             (1) 

𝑈 =
1

1
ℎ𝑖𝑛

+
𝑋𝑝

𝐾𝑝
+

𝑋𝑖
𝐾𝑖

+
1

ℎ𝑜𝑢𝑡

 

The conduction heat loss (Qm) inside the thermoelectric 

module can be estimated as [20,27]. 

𝑄𝑚 =
𝐾𝑚𝐴𝑚(𝑇ℎ−𝑇𝑐)

𝑋𝑚
            (2)  

The product heat (Qp) in the cooler can be determined as 

the method described by Gökçek and Şahin [24]. The product 

heat refers to the heat given off by the stored product. In this 

study, 0.5 kg fish fillets was kept in the solar thermoelectric 

cooler as product material. The specific heat capacity of the 

fish fillets about 3.85 kJ/kg K [28]. 

𝑄𝑝 =
𝑀𝑝 𝐶𝑝(𝑇𝑝𝑖 − 𝑇𝑝𝑓)

3.6 ∆𝑡
            (3) 

The rated power consumption of the fan (Qf) was used to 

calculate the heat given off by the fan at cold side of the TEM 

[20,24]. 

Qf = Nf Fr             (4) 

The heat due to infiltration of air into the cooler box by 

opening the top lid can be estimated as [29]: 

𝑄𝑖 =
𝐶𝑎 𝐸𝑏 𝑉𝑏 (𝑇0 − 𝑇𝑖)

3.6
            (5) 

The total heat energy (QT) was calculated by adding the 

heat flow entering the cooler box, conduction heat loss inside 

the thermoelectric module, product heat, heat given off by the 

fan and air-infiltration heat. The total heat energy measured 

in watt.  

QT = Qw + Qc + Qp + Qf + Qi           (6)  

2.4.2. Thermoelectric heat balance analysis 

In general, Peltier heating, Peltier cooling, Joule heat, 

and Fourier heat are considered in the cooling and heating 

processes of thermoelectric system [5], and these are 

expressed in watt. A steady-state energy equilibrium model 

as described by Riffat and Ma [30] was applied to 

characterise the theoretical performance of the thermoelectric 

module. 

The heat transferred at cold side of the TEM (Peltier 

cooling) was calculated using following expression [30]:  

𝑄𝑝𝑐 = 𝛼𝐼𝑇𝑐             (7) 

The heat transferred at hot side of the TEM (Peltier 

heating) was estimated by following formula [5]: 

𝑄𝑝ℎ = 𝛼𝐼𝑇ℎ             (8) 

According to the Ohm's law, TEM generates Joule heat 

when current flow through it due to electrical resistance (R). 

Of which, 50% heat moved to the cold side and 50% heat 

moved to the hot side to balance the Joule heat [30]. The rate 

of Joule heating (Qj) at the cold side or hot side can be 

estimated as: 

𝑄𝑗 = 0.5𝐼2𝑅             (9) 

The heat conduction (Fourier heat) from the cold side to 

the hot side through the thermoelectric material that subjected 

to the temperature gradient is given by [27]:  

𝑄𝑘 = 𝐾(𝑇ℎ − 𝑇𝑐) = 𝐾∆𝑇          (10) 

The quantity of heat pumped by the TEM or absorbed at 

cold side of the TEM, i.e., the cooling capacity (Qc), can be 

estimated by considering the heat balance Eqs. (7), (9) and 

(10): 

𝑄𝑐 = 𝛼𝐼𝑇𝐶 − 0.5𝐼2𝑅 − 𝐾∆𝑇         (11) 

The amount of heat transferred at the hot side of the 

TEM (Qh) can be calculated by taking into account heat 

balance Eqs (8), (9), and (10): 

𝑄ℎ = 𝛼𝐼𝑇ℎ + 0.5𝐼2𝑅 − 𝐾∆𝑇         (12) 

The electrical power consumption of the TEM (Ptm) can 

be estimated by taking a difference in heat absorption and 

heat rejection at cold and hot sides of the TEM respectively 

as per the first law of thermodynamics [4,5,30]: 

𝑃𝑡𝑚 = 𝑄ℎ − 𝑄𝑐 = 𝐼2𝑅 + 𝛼𝐼(𝑇ℎ − 𝑇𝑐)        (13) 

The electrical power consumption of the experimental 

thermoelectric cooler (Pc) was estimated by adding the power 

consumption of the TEM and fans [2,5,20,24]. 

𝑃𝑐 = 𝑛𝑡𝑚 𝑃𝑡𝑚 + 𝑛𝑓  𝑃𝑓          (14) 
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As the heat energy in the cooled space of the 

thermoelectric cooler is absorbed at the cold side of the TEM 

during the cooling process, either QT or Qc can be applied to 

estimate the coefficient-of-performance (COP) of the 

thermoelectric cooler [24]. The COP of the experimental 

thermoelectric cooler in the cooling mode was estimated as 

[4,5,24]:  

𝐶𝑂𝑃 =
𝑄𝑐

𝑃𝑐
           (15) 

Optimum electric current input to the TEM for maximum 

possible COP of the thermoelectric material exists when hot 

and cold side temperatures are steady-state. The electric 

current input can be determined as follows [16]: 

𝐼 =
𝑉−𝛼∆𝑇

𝑅
           (16) 

2.4.3. Thermoelectric module's properties 

As the values of TEM's properties such as electrical 

resistance (R), thermal conductance (K) and Seebeck 

coefficient () are not provided by the manufacture, a method 

described by Zhao and Tan [2] and Chen and Snyder [31] 

was applied to determine these properties as follows. The 

technical specifications of the TEM used in this study are 

presented in Table 1. 

𝑅 =
2(𝑇ℎ− ∆𝑇𝑚𝑎𝑥)2

𝑇ℎ
2

𝑄𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
2           (17) 

𝐾 =
(𝑇ℎ− ∆𝑇𝑚𝑎𝑥)2

𝑇ℎ
2

𝑄𝑚𝑎𝑥

∆𝑇𝑚𝑎𝑥
          (18) 

𝛼 =
(𝑇ℎ− ∆𝑇𝑚𝑎𝑥)

𝑇ℎ
2

𝑄𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
          (19) 

The number of TEM required (ntm) to pump the heat 

from the thermoelectric cooler depends on the refrigeration 

load (QT) of the cooler and the amount of heat pumped by the 

TEM (Qc), which determined as [32]: 

𝑛𝑡𝑚 =
𝑄𝑇

𝑄𝑐 
           (20)  

2.4.2. Size of the solar-PV system 

The solar-PV module generates the required electrical 

power to drive the solar thermoelectric cooler. Therefore total 

power needed from the PV module is about 1.2 times the 

actual power requirement (Pc) of the thermoelectric cooler 

(20% for DC-AC converting efficiency about 90% and power 

for recharge storage battery). 

𝑃𝑝𝑣 = 𝑃𝑐 × 1.2           (21) 

The daily electrical power production of a PV-module 

based on the annual average hourly radiation can be 

described as follows [33]: 

𝑃𝑝𝑣 = 𝐴𝑝𝑣  𝑅𝑝𝑣  𝐹𝑝𝑣  
𝑆𝑖

𝑆𝑖−𝑆𝑇𝐶
 

1

𝑡𝑠
         (22) 

The nominal power output of the PV module was 

obtained by rearranging the Eq. (23) and denoted as Watt-

peak (Wp). 

𝑅𝑝𝑣 =
𝑃𝑝𝑣  𝑡𝑠

𝐴𝑝𝑣 𝐹𝑝𝑣

𝑆𝑖_𝑆𝑇𝐶

𝑆𝑖
          (23) 

The annual average solar insolation (Si) at the 

experimental location (Birbhum district of West Bengal, 

India) is 4.82 kWh/m2/day [34]. The efficient sunshine time 

(ts) for power generation in a day, derating factor (Fpv) and 

area (Apv) of the PV module are assumed to be 5 h, 75% and 

1 m2, respectively.  

The power output rating of experimental PV module can 

be obtained from the theoretical power output rating (Eq. 24). 

Therefore, a PV module size of 100 Wp is sufficient to meet 

the required power generation. The physical and electrical 

specifications of the PV module used in this study are 

presented in Table 1. 

The batteries must supply sufficient electrical energy to 

drive the thermoelectric cooler when there is no sunshine. 

Thus, the battery capacity should be large enough to store 

energy. A method described by Dai et al. [16] was used to 

estimate the storage battery capacity (Bc) as follows: 

𝐵𝑐 =
𝑃𝑐 × 𝑑𝑠

𝛷𝑏 × 𝜂𝑏 × 𝛿 × (1−𝜒𝑏)
          (24) 

The values of different parameters used in battery 

capacity calculation are given in Table 1.  

Table 1. Specifications of the solar PV module (Vinova Energy Systems, India) and thermoelectric module (Hebei, China) 

Solar PV module Thermoelectric module Battery parameters 

PV module type VE12100 TEM type TEC1-12705S Pc 53.5 W 

Maximum rated power (Wp) 100 Wp Imax  5.3 A Φb 0.85 

Maximum power voltage (Vmp) 18.58 V Umax 15.4 V ηb 0.90 

Maximum power current (Imp) 5.98 A Qmax.@T=0 57 W  0.90 

Open circuit voltage (Voc) 22.58 V Tmax 67 ºC χb 0.05 

Short circuit current (Isc) 5.96 A Th 40 ºC ds 1 day 

Module efficiency (ηm) 13.2 % N-P junction  127 couples    

Output tolerance  5 % Max. temperature  138ºC   

Maximum series fuse rating 10 A Dimension 40×40×3.8 mm   

Operating temperature  - 40 to 85 ºC Design  Silicone sealed   

Module dimension 1032×672 mm Material  Bismuth telluride   
Weight  8 kg Weight 29 g   

PV module at standard test condition: solar irradiance 1.0 kW/m2; module temperature 25°C; wind speed 1.0 m/s. 
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3. Results and Discussion 

3.1. Power generation of PV module 

Fig. 3(a) shows the variations in voltage and electric 

current of the solar-PV module during the experiment. As 

shown, an increasing trend in electric current and voltage of 

the PV module was observed from morning hours to noon 

hours, reached maximum levels at noon hours thereafter 

decreasing trend was observed. These increasing and 

decreasing trends occurred due to increasing and decreasing 

solar radiation intensity from morning hours to afternoon 

hours. The maximum current and voltage were 5.38 A and 

16.34 V, respectively, at noon hours. 

 

 

 
Fig. 3. Performance of solar-PV module during experiment 

(a) changes in voltage and electric current with time (b) 

voltage versus electric current (c) power generation by PV 

module with time. 

Fig. 3(b) demonstrates the voltage changes against the 

solar-PV module's electric current during the experiment. As 

indicated, the voltage increased while increasing the electric 

current due to the increase in solar radiation intensity; 

however, the voltage decreased with decreasing electric 

current. The result indicates that the voltage is directly 

proportional to the electric current. The maximum voltage of 

16.34 V observed at a maximum current of 5.38 A. 

Fig. 3(c) presents the changes in power generation of 

solar-PV module during the experiment time. As shown, the 

PV module's power generation increased while increasing the 

solar radiation intensity whereas decreased while decreasing 

the intensity of solar radiation. Obviously, the power 

generation of the PV module depends on the solar radiation 

intensity. The maximum electrical power of 92-96 W 

observed at noon hours during the test period. 

3.2. Experimental evaluation of solar thermoelectric cooler 

The cooling capacity (see Eq. 11) and power 

consumption of the TEM (see Eq. 13) are mainly depends on 

the electric current input, hot and cold sides temperature 

difference, electrical resistance, thermal conductance and 

Seebeck coefficient of the TEM. The calculated values of R, 

K and  were 1.9886 , 0.4107 W/K and 0.1882 V/K, 

respectively. 

Fig. 4(a) shows the temperature variations in the 

thermoelectric module's cold side and outdoor (lab room) 

without a cooled item. The cold side temperature decreased 

rapidly from 30ºC to 14.4ºC at the first 30 min; subsequently, 

it reduced gradually and reached to 5±0.2ºC in 120 min 

thereafter, with no much significant reduction in temperature. 

On the other hand, no significant change in outdoor 

temperature was observed. The voltage is maintained at 12 V. 

 

  

Fig. 4. Performance of the solar thermoelectric cooler during 

experiment without product load (a) temperature variations 

over the time (b) variations of COP and cooling capacity 

against electric current input. 
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Fig. 4(b) indicates the effect of electric current input on 

cooling capacity and COP of the STEC. The results showed 

that increasing electric current input results in decreasing the 

COP of the STEC. This is due to raising the electric power 

consumption of the TEM while increasing the electric current 

input, and therefore decreasing the COP of the STEC (See 

Eq. 15). On the other hand, the cooling capacity increased 

while increasing the electric current input. This is due to the 

increases the flow of electrons within the TEM and decreases 

the cold side temperature, thus increasing the cooling 

capacity of the TEM. It is observed that the cooling capacity 

increases from 12.9 W to 23.4 W, and the COP decreases 

from 0.98 to 0.44 by increasing the electric current input 

from 0.9 A to 3.5 A. The maximum cooling capacity of 23.4 

W and the COP of 0.44 were observed at the electric current 

input of 3.5 A. 

Fig. 5(a) describes the temperature variation of the 

thermoelectric module's cold and hot side with the loaded 

item. To test the cooling performance of the thermoelectric 

cooler, about 0.5 kg of fish fillets kept in the cooler. It can 

observe from the Figure that the cold side temperature (Tc) 

decreased to 5±0.2ºC in 180 min, and the hot side 

temperature (Th) increased to 40.2°C. Besides, the 

temperature of fish fillets dropped to 6.5°C. It is also 

absorbed that the temperatures continued till the end of the 

experiment. 

 

 

Fig. 5. Performance of the solar thermoelectric cooler during 

experiment with product load (0.5 kg fish fillets) (a) 

variations in temperature of product, hot and cold sides of the 

TEM (b) variations of COP and cooling capacity against 

electric current input. 

Fig. 5(b) shows variations of the cooling capacity and 

COP of the STEC with product load (0.5 kg fish fillets) 

against electric current input. The result indicates that no 

significant changes in the cooling capacity and the COP of 

the STEC have either product load or no product load. 

However, to achieve this condition, the system with product 

load took about 180 min, whereas the system without load 

took around 120 min. It is clearly noticed from the Figure 

that the cooling capacity increased from 12.85 W to 23.8 W 

whereas decreased the COP from 0.98 to 0.44 by increasing 

the electric current input from 0.9 to 3.5 A. 

As shown in Figures 4(b) and 5(b), the COP of the STEC 

greatly depends on the cooling capacity and electric current. 

The cooling capacity increased as the current consumption 

increases, whereas decreased the COP. Therefore, it is a big 

challenge in selecting the input current that maximises both 

cooling capacity and COP. A greatest COP of 0.98 obtained 

with a limited cooling capacity of 12.85 W at an electric 

current of 0.9 A. 

Variations in current input according to voltage during 

the study are presented in Fig. 6. Obviously, the current input 

to the TEM is directly proportional to the voltage. The 

experiment observed that the voltage was raised to 12-13 V 

and the electric current flow also raised to about 3.5 A. 

 

Fig. 6. Changes in electric current according to voltage 

3.3. Battery power 

The STEC was operated for a period of about 5-6 h after 

the sunset. The sunset times varied from 18:09 to 18:38 

during the study period. The store electrical power in the 

battery exploited to drive the cooler during this time. The 

changes in the temperature of the TEM's cold and hot side 

were observed during this time. The temperature at the cold 

side was maintained at about 5ºC in the period and thereafter 

increased gradually. The electric current flow while using 

battery power was 3.5 A.  

3.4. Theoretical evaluation 

Fig. 7(a) demonstrates the thermoelectric module's 

cooling capacity at different hot and cold side temperature 

differences and electric current input. It is clearly seen from 

the Figure that the cooling capacity of the module increased 

with increasing electric current input and as well increased 

with increasing difference in temperature between the cold 

and hot sides of the TEM (T). Moreover, the hot and cold 

side’s temperature of TEM fluctuated by a change in the 

electric current input and voltage. Therefore, the cooling 

capacity of the TEM depends on the T and amount of 

electric current input. A maximum cooling capacity of 7.2 W, 
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12.6 W, 17.9 W and 23.3 W was observed at the temperature 

difference of 20°C, 25°C, 30°C and 35ºC, respectively, 

electrical current flow of 3.51 A. 

 

 

 

Fig. 7. Theoretical performance (a) Cooling capacity (b) 

Power consumption (c) Coefficient of performance (COP) of 

the thermoelectric module at temperature differences (T) 

between hot and cold side. 

Fig. 7(b) shows the power consumption of the 

thermoelectric module at different hot and cold side 

temperature differences and electric current input. The results 

showed that the power consumption increases while 

increasing the temperature difference between hot and cold 

sides and increases the electric current flow. It indicates that 

the thermoelectric module consumes more electrical power 

for the cooling process, reducing the temperature in the 

cooled space. The highest power consumption of 37.5 W, 

40.8 W, 44.1 W and 47.4 W was recorded at temperature 

difference of 20°C, 25°C, 30°C and 35°C, respectively with 

an electric current of 3.5 A. Therefore, the power 

consumption of the thermoelectric module for cooling 

depends on the temperature difference between hot/cold sides 

and electric current. 

Fig. 7(c) demonstrates the coefficient of performance of 

the thermoelectric module. The results showed that the COP 

decreased with increasing the amount of electric current. This 

may be due to the generation of more Joule heat at a higher 

electric current, which will balance the thermoelectric 

cooling effect. Joule heat could rise gradually as the electric 

current increases; therefore, a converging trend exhibited in 

the curves. However, the COP increased with increasing 

temperature difference at a given point of electric current. 

The result also demonstrated that the COP decreased while 

absorbing more heat and decreased energy consumption. 

Therefore, determining the best-balanced point for cooling 

capacity and COP is a principal component of the 

thermoelectric cooling system's optimization process. 

In this study, a maximum theoretical cooling capacity of 

23.3 W achieved at hot and cold sides temperature difference 

of 35°C with an electric current value of 3.5 A. The power 

consumption of the module was 47.4 W, and the COP of the 

system was found to be 0.49. 

The results of present study have been compared with the 

findings of the various published works on solar PV driven 

thermoelectric refrigeration systems, and the consolidated 

findings of the present work and the previous works are 

presented in Table 2. Among portable thermoelectric 

refrigerator, the present designed STEC has a significant 

higher cooling capacity and COP. 

The total weight and expected cost of the designed STEC 

are presented in Table 3. The expected execution cost of the 

STEC is 14243 INR or 196.6 USD, and its total weight is 

around 26 kg. It is concluded that the proposed STEC is a 

portable, cost-effective and perfect option to store the 

perishable foods in remote and rural areas where a consistent 

electrical power supply is not available.  

4. Conclusion 

In this work, a thermoelectric cooler driven by solar-PV 

module was fabricated and studied its cooling performance 

under the hot weather conditions. The total heat energy of the 

cooler box, sizing of the PV system, and battery capacity 

were also estimated. The temperature variations, cooling 

capacity, power consumption and COP of the STEC were 

investigated. The temperature of cooler decreased to 5±0.2ºC 

in 120 and 180 min for without and with load respectively. 

The cooling capacity of the STEC increases while increasing 

the electric current input, whereas a decreasing trend was 

observed in the COP. A minimum cooling capacity of 12.85 

W and a maximum COP of 0.98 obtained at a minimal 

electric current input of 0.9 A. However, in a design point, 

the cooling capacity and power consumption of the STEC 

were 23.8 W and 53.5 W, respectively, in which the COP was 

found to be 0.44. Besides, the battery power utilized to drive 

the STEC for 5-6 h after sunset. The proposed STEC could 

be an alternate "green-option" to the domestic vapour 

compressor refrigerator in remote and rural areas where 

electricity is not accessible with additional benefits such as 

no moving parts, refrigerants free, active adaptability, 

comport, portable, does not required conventional electricity 

and low-cost application. 
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Table 2. A comparison of the present work with different previous works on the solar PV driven thermoelectric cooling 

systems 

Authors 
Refrigerator type 

and applications  
Methodology  

Findings  

Power 

(W) 

Cooling 

(W) 
COP Variations in temperature  

Aboelmaaref 

et al. [5] 

Solar 

thermoelectric air-

conditioner for 

room air-

conditioning  

(room size: 1.0 m3) 

The solar-PV system was 

integrated with a cooling 

unit which consists of 16 

identical TEMs and 6 

rectangular fin heat sinks 

2.5 A 30 2.2 A cooling capacity of 30 

W and the COP of 2.2 

was obtained at a design 

point with an input 

current of 2.5 A, which 

suitable for save energy. 

Chen et al. 

[7] 

Solar 

thermoelectric 

chiller for water 

cooling. 

The solar panel was used 

to drive thermoelectric 

chiller, where cold side 

of TEM was connected 

to the water tank. 

16.7  12.2  0.74 The temperature of water 

drops from 18.5ºC to 

14ºC and maintained the 

cooling capacity of 12.2 

W. 

Daghigh and 

Khaledian 

[8] 

Solar 

thermoelectric 

cooling-heating 

system for water 

cooling. 

The PV collector was 

used for thermoelectric 

cooling system, where 4 

TEMs were connected to 

the water tank.  

7911 kJ N/A 5.4 They observed hot and 

cold side temperatures of 

TEM were 69 and -3°C, 

respectively. 

Dai et al. 

[16] 

Solar 

thermoelectric 

refrigerator for cold 

storage of vaccine, 

food and drink. 

Solar-PV panel was 

connected to the 

refrigerator, which 

consists of TEM, heat 

sinks, storage battery and 

AC rectifier. 

48-52 12-26 0.25-

0.50 

The cold side and water 

temperature dropped to 

5°C and 10°C, 

respectively in 3 h and 

cooling production was 

12 W at the end. 

Abdul-

Wahab et al. 

[20] 

Portable solar 

thermoelectric 

refrigerator for 

domestic purpose 

(23 × 18 × 32 cm) 

Solar PV cells were 

connected to a set of 10 

TEMs. Each module 

consumed maximum 

power of 9.5 W. 

95 15.33 0.16 The temperature was 

reduced from 27ºC to 

5ºC in 44 min without 

load, and from 26ºC to 

4ºC in 50 min with load 

(0.5 L canned drink)  

He et al. [22] Solar 

thermoelectric 

cooling system for 

room cooling 

(size: 0.125 m3) 

The solar cells were 

connected with 

thermoelectric device, 

heat exchanger and water 

tank which installed in 

an experimental room. 

36 19.7-20.9 0.45 The room temperature 

was reduced to 17ºC. 

The COP of 0.45 was 

obtained with thermal 

and electrical efficiency 

of 12.06 and 10.27%, 

respectively. 

Atta [25] Solar 

thermoelectric 

cooler for room 

cooling   

(size: 30 m3) 

Solar PV system was 

connected to 30 TEMs 

which placed in closed 

loop liquid cooling 

system 

4368 3150 0.72 A closed room space of 

30 m3 cooled to 14°C 

within 90 min when the 

PV input current at 11.2 

Å and 12 V. 

Present work Portable solar 

thermoelectric 

cooler for storage 

of perishable foods  

(size: 0.0252 m3)  

Solar PV system was 

connected with the TEC, 

which consist of TEM, 

heat sink-fan. The PV 

and store battery power 

were utilized in day and 

night time, respectively. 

53.5 23.8 0.44 The cold side 

temperature decreased to 

5±0.2ºC in 180 min and 

hot side temperature 

increased to 40.2°C. 

Besides, the temperature 

of fish fillets dropped to 

6.5°C. 
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Table 3. The weight and expected execution cost of the designed solar thermoelectric cooler 

Items  Dimensions 
Weight 

(kg) 
Qty  

Cost  

(INR) 

Cost 

(USD) 

HDPE cooler box 0.36 × 0.28 × 0.25 m 2.29  1 1299.0 17.93 

Solar PV panel 1032 × 672 mm 8.0 1 3845.0 53.08 

Storage battery 80 Ah 15.0 1 1800.0 24.85 

PV charge controller 12 V, 30 A 0.16 1 1099.0 15.17 

Peltier module 40 × 40 × 3.8 mm 0.029 1 500.0 6.90 

Outer heat sink 10 × 10 × 3 cm 0.42 1 850.0 11.73 

Inner heat sink 4 × 4 × 2.6 cm 0.012 1 450.0 6.21 

Sink fans  3 W 0.1 2 900.0 12.42 

Miscellaneous     3500.0 48.31 

Total  26.01  14243.0 196.6 
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Nomenclature 

    

Ac Area of the cooler walls, m2 nf Number of fans 

U  Overall heat transfer coefficient, W/m2K  Fr Rating of fan, W 

T0 Average outside air temperature, °C Qpc Peltier cooling rate, W  

Ti Inside temperature of cooling chamber, °C Qph Peltier heating rate, W 

Kp Thermal conductivity of HDPE wall, W/mK Qj joule heating rate of the TEM, W 

Ki Thermal conductivity polyurethane foam, W/mK  Qk heat conduction between cold/hot end of TEM, W 

Xp Thickness of HDPE wall, m Qc quantity of heat absorbed at cold end of TEM, W 

Xi  Thickness of insulating material, m Qh quantity of heat transferred at hot side of TEM, W 

Km Thermal conductivity of Bismuth telluride, W/mK  Ptm electric power consumption of the TEM, W 

Am Cross-sectional area of the TEM, m2 Pc power consumption of experimental TEC, W 

Eb Number of times the cooler air exchanged per day COP coefficient-of-performance of the TEC 

Vb Internal volume of the cooler box, m3 I Electrical current, A 

K  Thermal conductance of TEM material, W/K R Electrical resistance of TEM,  

Xm Thickness of length of the TEM, m Imax Maximum input electric current to the TEM, A 

Tc Temperature at cold side of the TEM, °C Ppv Daily energy production of a solar-PV module, W 

Th Temperature at the hot side of the TEM, °C  Apv Area of PV module to receive solar irradiation, m2 

Mp Mass of the fish fillets, kg Fpv Solar-PV module derating factor, % 

Cp Specific heat capacity of the fish product, kJ/kg K  Rpv Power output rate of PV module under STC, Wp 

Tpi Initial temperature of fish product, ºC Si_STC Solar incident radiation at STC, kW/m2 
Tpf Final temperature of fish product, ºC  ts Efficient sunshine time for power generation, h 

Ca Specific heat of the humid air, 1.3 kJ/m3°C ds Power supply duration without sunshine, day 

Qmax Maximum heat absorbed at cold side of the TEM 

when Imax and Tmax = 0 

Si Solar insolation on the PV-module at the current 

time step, kW/m2 

    

Greek symbols 

    

 Seebeck coefficient of TEM, V/K Δt Time required to cool fish from Tpi to Tpf, h  

Φb Degree of electric discharging ηb Efficiency of the storage battery 

 Correction coefficient of temperature χb Loss coefficient of battery current 

T Hot and cold side temperature difference of the 

thermoelectric module, °C 
Tmax Maximum temperature difference between hot and 

cold side of the TEM at Qc = 0, °C 
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