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Abstract - This paper studies the importance of temperature control in household 

refrigerator on the economic and environmental plan. Refrigerator energy consumption is 

greatly affected by room temperature, door opening and thermostat regulation. A 

household refrigerator powered by photovoltaic energy was tested in laboratory to 

determine the effect of thermal regulation on energy consumption. Our investigation 

reveals that there is a difference in minimal average temperature between the thermostat 

and the evaporator for three different thermostat positions. This difference in temperature 

was justified by three parameters: the bad contact between the thermostat bulb and the 

surface of the evaporator, thermostat thermal inertia and the error due to the mechanical 

control of the thermostat. Finally, we represent the annual economic deficit caused by the 

thermal regulation on the number of families around the world. 

Keywords: Refrigerator, Control, Thermostat, Photovoltaic power, Techno-economic 
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1. INTRODUCTION 

Nowadays, the electricity consumption situation is critical because electricity is one 

of the necessities in our life. People need the benefit of using electricity for daily 

activities 24 hours a day. The growth rate of energy supply not only limited to the 

sourcing quantities but also to the energy sources emissions of the toxic as carbon 

dioxide that cause the global warming. Refrigerator is one of the most common 

household appliances in the world. They contribute approximately 7.2% of the average 

U.S. household energy consumption [1] and 30-40% in china [2]. A number of 

countries have initiated energy labeling programs [3] and MEPS (Minimum Energy 

Performance Standards) [4-6]. There are a variety of options that can increase the 

energy efficiency of conventional refrigerators. The term ‘refrigeration’ may be defined 

as the process of removing heat from a substance under controlled conditions. It also 

includes the process of reducing and maintaining the temperature of a body below the 

general temperature of its surroundings. In other words, the refrigeration means a 

continued extraction of heat from a body whose temperature is already below 

temperature of its surroundings. In a refrigerator, heat is virtually pumped from a lower 

temperature to a higher temperature.  

According to Second Law of Thermodynamics, this process can only be performed 

with the aid of some external work. It is thus obvious that supply of power is regularly 
required to drive a refrigerator. Considering all the new ways to generate electrical 
power, the use of solar energy for it has gradually presenting itself as an important 
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alternative, economically viable and environmentally accepted, well suited for isolated 

areas, where costs for installation of conventional systems are relatively high. 

Photovoltaic systems are characterized by high reliability and low maintenance, with its 

high initial cost often offset by low operating cost. A typical system of photovoltaic 

solar energy consists of three basic elements: photovoltaic modules, charge controllers, 

and the batteries, when necessary [7, 8]. 

2. EXPERIMENTAL SETUP 

2.1 Refrigerator and photovoltaic generator  

The refrigerator used in our system is a domestic refrigerator with a useful volume 

of 160 liters; these dimensions, (0.86 × 0.64 × 0.55) m, for a 44 kg weight. Its 

compressor average power is 100 W functions with R134a refrigerant. It introduced 0 % 

of CFC and belongs to the energy category C and the climate class N (Fig. 1). Its energy 

consumption per day is 0.88 kWh, or 321 kWh per year depending on the supplier. In 

order to study the convective air flow and temperature distribution inside the 

refrigerator, we eliminated the following: freezer door, the metal plate behind the 

evaporator drain pan, conservation tanks and the lower glass shelf. The solar 

photovoltaic generator is composed of 06 polycrystalline modules IS75W/12V, 

connected in 2× series/3× parallel to a peak power total of 450 Wc and a voltage of 24 

V, connected to a charging regulator (Fig. 1). 

  

Fig. 1: Vapor compression refrigeration system and photovoltaic generator 

2.2 Regulation and storage PV energy  

The charge controller is a device of fundamental importance to preserve the 

batteries, increasing its useful life. Recently, in addition to solar photovoltaic systems 

coupled to batteries, also called autonomous systems, other systems have been used to 

direct interconnection to the public electrical power grid, such as occurs in parallel with 

generating plants. Thus, the use of accumulator systems (batteries) is exempted, with 

advantage in reducing the investment cost of the system. The regulation is insured by an 

electronic device (20A/20A). It regulates the transfer of energy between the subsystems 

(fridge, batteries and panels) according to some instructions. Refrigerators functioned 

with current of the PV generator had a DC/AC converter, coupled to a system of 

regulation and control for better management of the storage system. It provides an 

alternative voltage of 230V/50Hz. The inverter makes it possible to feed an apparel of 

nominal output of 750W The refrigerator DC-AC, uses four solar batteries with a 

capacity of 100 Ah and 12 V each, with a hybrid mount serial/parallel present 24 V at 

the output, which are placed in a safe deposit box with the inverter, the regulator, a 

socket for the connection of the PV field and another to feed our refrigerator (Fig. 2). 
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Fig. 2: Regulation and conversion DC/AC and Solar batteries box 

 PV input,  Regulator 20A/ 20A,  Inverter 750W,  Output 220-230V/ 50Hz 

2.3 Instrumentations and acquisition system  

The temperatures measurement was carried out by a type K thermocouple and the 

refrigerator energy consumed is quantified by electromechanical counter. The data 

acquisition was performed by a data logger (Hydra2700). The collected data is stored in 

an Excel file every 60s for the temperature and every10min for the consumption. We 

installed a monitoring system (activity monitoring and measuring or monitoring) in 

order to monitor the activity of our remote installation. Our choice is focused on Team 

Viewer software (Fig. 3). 

  

Fig. 3: Acquisition system and positioning of thermocouples inside the refrigerator 

(Front and lateral View) 

2.4 Positioning of thermocouples  

The choice of the location of the thermocouples is done on the basis of the 

characterization of the thermo-mechanical refrigerator, namely determination of the 

operation time of the compressor, the properties of the thermostat and heat transfer to 

the interior of the chamber. A technical schematic representing the refrigerator in front 

view allows you to locate with precision the positioning of the evaporator and the 

thermocouples intended to control the distribution of temperature in the interior of the 

refrigerator (Fig. 3). 

3. RESULTS AND DISCUSSION 

3.1 Characterization of the thermostat  

The temperature control in our refrigerator is ensured by a bulb thermostat. Its 

operation is relatively simple; the bulb contains a gas under pressure which reacts 

according to the temperature (when the gas is cooled, it contracts). The bulb is 

connected to a deformable bellow, the whole being perfectly hermetic. The bellow is in 

contact with a rocking-lever which even is on contact with cold part in the apparatus. 

The action of the thermostat varies according to the internal temperature of the 

apparatus, when the temperature in the refrigerator drops, the volume of gas inside the 

bulb decreases, causing a direct action on the bellows which slackens, while becoming 

deformed it acts on the electrical contacts stopping the compressor. When the 
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temperature goes up, the opposite effect occurs and makes it possible the compressor to 

set out again until obtaining the desired temperature. The real temperatures affecting the 

heat transfer are those measured at the level of the evaporator. 

Table 1: Characterisation of the thermostat 

 Evaporator Thermostat 

Position P1 P2 P3 P1 P2 P3 

Tmin (°C) -21 -21 -24 -16 -18 -20 
Tmax (°C) -3.7 -5.5 -7.5 -3.7 -5.6 -7.7 

However, the control of the start and the stop of the compressor are managed by the 

temperatures measured at the level of the bulb of the thermostat in contact with the 

evaporator (Table 1). We are seeing a difference in minimal average temperatures 

between the thermostat and the evaporator for the three thermostat positions. By 

contrast, there are no differences between the maximal temperatures average (Table 2). 

Table 2: Comparison between the average temperatures of the 

evaporator and thermostat (empty refrigerator) 

 ΔT = ǀ Tevp – Tther ǀ 

 P1 P2 P3 

Tmin (°C) 4.7 3 3.6 

Tmax (°C) 0 0.1 0.2 

This difference in temperature is justified by three parameters; the bad contact 

between the bulb and the surface of the evaporator which is explained by the presence 

of air in the micro-cavities. The air is a poor heat conductor; it causes a decrease in the 

heat transfer at the level of this junction. The response time and the thermal inertia of 

the thermostat, these parameters are characterized by the thermal diffusivity and the 

temperature gradient between the cold source and the bulb. The thermal balance and the 

environment in which we install the probe plays a key role with respect to the response 

of the sensor chooses. The error due to the mechanical control of the thermostat, this 

error is caused by the manipulations of the experimental list. It is eliminated by 

installing a digital control. In order to improve the temperature control in the 

refrigerator, and the control of compressor operation it is advisable to use a digital 

thermostat fitted with thermal probe with a rapid response (thermocouple), and a low 

thermal inertia. The problem must be firmly attached to the surface of the evaporator. 

So we approach the maximum temperatures of the evaporator. This procedure will save 

a power consumption of the refrigerator by decreasing the compressor operating time 

(Fig. 4). In this case, we can reduce approximately 8 minutes the compressor operating 

time in the first cycle and 2 minutes in the cycle that follows (Fig. 5). 

 
Fig. 4: Difference between the temperatures 

measured on the evaporator and the thermostat 
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3.2 Estimate of losses due to the regulating system  

The estimate of the losses generated by the control system is evaluated to two 

minutes per cycle (Fig. 5) in this case the number (empty refrigerator, position 1) of 

cycles is 91 cycles per 24 hours.  

  365cycleofnumbertimeyear/LossTime           (1) 

Multiplying (1) by the average power of 135 W Compressor offered the deficit of 

annual consumption (2). It is estimated at 150 kWh per year.  

Pyear/LossTimeDeficit             (2) 

 

Fig. 5: Difference between the temperatures measured on the 

evaporator and the thermostat in the first and second cycle 

Knowing that the price of electricity for one kWh is from approximately 0.04 € in 

Algeria (Table 3). The cost of this deficit is regard in Algeria has approximately 6 

€/year (For an empty refrigerator 160l). This loss doesn’t reflect the real price because 

the pricing of kWh is subsidized by the state. A comparison between different countries 

around the world (Fig. 6) offered us a view about the importance of temperature control 

in refrigeration system on the economic plan. 

 
Fig. 6: Comparison of deficit prices of thermal control system around the world 

Table 3: Pricing of a kWh of electricity in different 

countries and the tariff of consumption deficit 

Country 
Tariff of the kWh 

(€) 

Consumption deficit 

(€)/y 

Deficit country 

deficit (€)/y 

Algeria 0.040 6 30 

Tunisia 0.060 8.85 13.3 

Morocco 0.060 8.85 40.7 

Gabon 0.700 103.32 31 

South Africa 0.036 5.33 57.8 

Djibouti 0.530 78.48 15.7 

Senegal 0.220 32.57 84,7 
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France 0.130 19.24 338.7 

Denmark 0.250 37.01 103.7 

Germany 0.200 29.62 296 

USA 0.06-0.10 8.88-14.79 923.5 

According to the National Statistics Office (NSO), Algeria's population was 37.1 

million at January 1, 2012. In Algeria, the average number of family possesses a 

domestic refrigerator is about 5 million families (Table 3). Without considering the 

others appliances of refrigeration and freezing, Algeria can save about 30 million 

(€)/year. For the same other countries, the deficit varied according to the number of 

population, then the number of houses.  

4. CONCLUSION 

The objective of this study is to propose solutions to reduce the rate of energy 

consumption of household refrigerators, preserve participation in the rationalization and 

the environment by reducing greenhouse gas emissions. The estimated losses from the 

control system is evaluated to two minutes per cycle is 1107 hours/year. The energy 

deficits are equivalent to 150 kWh/year. Also, we found that Algeria can save about 

30million (€)/an. The economic gain can be used to implement 07 mini PV central with 

6000 solar panels each. In conclusion, a policy of energy saving is required. This 

economy is reflected by adapting our way of life, to live, move and work.  
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