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Refrigerators are a must for every household around the world. They are important in terms of energy efficiency as they 
exist almost in every home and many of the offices. In addition their consumption counts a considerable percentage of the 
overall electricity bill. In this study we describe the details of a test cell for household refrigerating appliances' energy 
efficiency measurement, including equipment and provide the experimental and test results obtained. The test cell, which is 
inside the test and measurement laboratory is named ''Ankara Energy Efficiency in Household Appliances Technologies 
Research Centre'' and it was financially supported by UNDP (United Nations Development Programme). Measurements 
were recorded according to IEC 62552, Household refrigerating appliances - Characteristics and test methods - Part 3: 
Energy consumption standard. Test results which confirmed the manufacturer's claimed energy efficiency index of A+++ 
were recorded and assessed using MATLAB® 
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Introduction 
In the simplest form, improving energy efficiency 

is defined as “to consume less energy for same 
amount of work”. Energy efficiency applications can 
be applied in many fields, such as: buildings, vehicles, 
transportation systems, heating and lighting systems, 
various instruments, industry, power plants, power 
generation, transmission and distribution systems. It is 
well known in the literature that energy efficiency at 
homes results in considerable power savings1. It is 
necessary to invest in energy efficient technologies in 
order benefit from these savings. Governments in 
developed economies are making considerable 
investments in energy efficiency technologies and 
encouraging residential households to conserve 
energy2. Another study3 specifically focuses on 
refrigerators, since their energy consumption is 
predicted to constitute over 30% of the total average 
domestic electricity bill in Brazilian households, 
which is also consistent with other publications in the 
literature for Turkey. It is argued in the study3 that if 
all new Brazilian refrigerators had an energy 
efficiency at the level consistent with the least life 
cycle cost of ownership, it would result in an annual 

savings of 2.8 billion dollars (US$) in electricity bills, 
45 TWh of electricity demand, and 18 Mt of CO2 
emissions, with a respective payback period of 7 years 
which is less than half the average estimated lifetime 
of a refrigerator. It is also very important to discuss 
energy efficiency labelling. Labeling programs 
currently operated by the South Korean government 
are considered in an empirical study4, and the effects 
of such labels on appliance choice. This study found 
that households showed a positive preference for 
labeled appliances, and an intention to pay more to 
purchase appliances with energy efficiency, and/or 
other environmental labels, with more value placed on 
energy efficiency labels than other environmental 
labels. The efforts are similar all around the world; 
Turkish government5 and EU6 have issued legislations 
on the energy efficiency labels in official registers, 
which prove the importance given on energy 
efficiency and belief in the market penetration of 
energy efficient products in recent years. Some 
researchers have proved that the consumption of 
energy in refrigerators is dominantly affected from 
real operational circumstances. Daily energy 
consumption can differ for the same equipment7,8. In 
some researches, “Demand Side Management” 
subject was analyzed in terms of controlling of the 
refrigerators, also economical influence on end users 
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was analyzed9,10 to increase global performance of the 
household refrigerators, novel multi-objective 
optimization methods were used in some theoretical 
studies as genetic algorithm11,12,13.On the other side, 
some studies are focused on improving the energy 
efficiency of the refrigerators using hydrocarbon 
mixture refrigerants14,15,16. Designing energy efficient 
systems presents a challenge as a factor affecting the 
electricity price and economic growth in the market. 
In order to increase energy efficiency in technical 
problems, various artificial intelligence algorithms 
such as artificial bee column have been utilized. 
Optimal energy calculation in combined networks of 
many sources is an important factor that increases 
energy efficiency17,18,19. With the participation of 
renewable energy power plants in power systems, the 
concept of efficient energy management has become 
even more important20.  

In this study, we also would like to stress the 
potential savings and energy efficiency in household 
equipment and especially in refrigerators. Energy 
consumption rate of the refrigerator is 31 % amongst 
household equipment21. The question of interest for 
this study is how to measure the energy efficiency of 
a household refrigerator according to standards and 
what are the important parameters for energy 
labelling. In the study, the infrastructure, 
environment, equipment and measurement set up 
related to the test system are explained first time in 
scientific journal literature.  
 
Infrastructure  

All energy efficiency measurements were taken at 
Ankara Energy Efficiency in Household Appliances 
Technologies Research Centre, which had been 
designed and built according to specifications 
described in IEC 62552-1 Ed.1, Household 
refrigerating appliances - Characteristics and test 
methods - Part 1: General requirements22. The test cell 
has been designed and built to handle the measurements 
of up to two refrigerators simultaneously. The test cell 
provides a unique environment where temperature, air 
flow and humidity parameters are under control. In 
addition to IEC 62552 standard, the test cell has been 
designed and built light and sound proof in order to 
make noise and vibration tests beyond the standard's 
requirements. 
 

Test cell, the chamber 
The test cell could be considered as a chamber 

where temperature, air flow and humidity are under 

control. In addition our test cell had been designed 
and built light and sound proof for additional noise 
and vibration tests. The cell is under the basement of 
the Electrical and Electronics Engineering 
Department in order not to be afftected from the 
environment. The cell is only connected to the 
measurement laboratory through a cable canal as 
illustrated in Figure 1. Test and measurement 
equipment is in the measurement laboratory and 
connected to the refrigerator in the test cell through 
cable canal in order not to perturbate the parameters 
such as temperature, humidity and air flow during 
measurements, as described in the standard.  
 

The device under test (DUT) 
The refrigerator used in our energy efficiency 

measurements is a major brand in Turkey and is also 
exported to many countries in Europe. It is a 
refrigerator with a 3-star compartment under category 
6. The refrigerator is called DUT (device under test) 
from now on as the producer claims the device as 
A+++. 
 

Test equipment used while taking measurements 
The loads which mimic food are standard M type8 

packages as defined in IEC 62552, (500 grams weight 
and 50 mm x 100 mm x 100 mm dimensions). 
Thermocuples used for temperature measurements are 
standard T type. While some thermocoples are 
immersed into the loads, some of them are left open in 
air in the DUT in order to measure the homogenity 
within the volume. Thermocouples were connected to 
a data logger device, Chroma 51101-64. Although the 
data logger has a capacity of 64 slots maximum, only 
8 slots have been used23. True power had been 
measured by using the digital power meter, Chroma 
66202. The power meter had been connected to the 
DUT via a test fixture to enable easy cable connection 

 

Fig. 1 — Measurement laboratory next to the test cell seperated 
by a cable canal only 
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for voltage measurement in parallel and current 
measurement in series. The measurement set up is 
illustrated in Figure 2.  
 

Calculating the EEI (Energy Efficiency Index) 
The EEI is calculated according to Equation 1; 

which is basically a normalisation of the DUT's 
energy consumption to the standard energy 
consumption of an example device for one year, given 
in percentage. 

ܫܧܧ ൌ
୅୉೎
ௌ஺ா೎

 (1) ...  100ݔ

 ௖: DUT's annual energy consumptionܧܣ
(kWh/year) 
 ௖: Standard energy consumption of an exampleܧܣܵ

refrigerator per year (kWh/year)  
While AEC is calculated according to Equation 2. 

The standard defines the consumption to be measured 
after the DUT's steady state and of course multiplies 
by 365 as one year has 365 days and each day has  
24 hours. 

AE௖ ൌ  (2) ...  365ݔଶସ௛ܧ

 ଶସ௛:DUT's energy consumption in 24 hoursܧ
(kWh) 

The tricky bit is the calculation of the ܵܧܣ௖, 
Standard energy consumption of a similar refrigerator 
per year as standard consumption should depend on 
many parameters including its size, purposes for 
cooling and the climate it is intended to operate. ܵܧܣ௖ 
is calculated according to Equation 3, 

SAEୡ ൌ Vୣ୯x	M ൅ N ൅ CH  ... (3) 

where, ௘ܸ௤: is the equivalent volume of refrigeragor 
 coefficients determined from the category of :ܰ,ܯ
the refrigerator and the climate conditions it has been 
designed for respectively. The DUT has been 
designed and manufactured for ST (subtropical) 

conditions and values of M=0.777 and N=303 have 
been copied directly from the standard IEC 62552 
CH=50 kWH/year is a correction factor for 
refrigerators with a cellar compartment larger than  
15 liters (DUT has a cellar compartment of 20 liters). 
 
Energy efficiency labels for refrigerators 

The important figures on the energy efficiency 
label are the annual energy consumption (E) and the 
energy efficiency class (C), which is basically a 
normalisation to the energy consumption of the 
refrigerator in this category (similar temperatures of 
cooling and/or freezing for similar volumes, under 
similar climate conditions) for one year, given in 
percentage. The label also gives figures of emitted 
noise (H) in decibels during operation. Equipment 
available in our lab also enables us to measure the 
noise and vibration levels of the DUT but these 
performance values are beyond the scope of this 
study. Table 1 gives the corresponding EEI classes for 
the EEI intervals. EEI (the energy consumption of 
DUT normalised to its ''expected'' consumption). 
A+++ is the most efficient, while G is the least 
efficient product.  
 
Measurement results 

The standard IEC 62552-1, Household refrigerating 
appliances - Characteristics and test methods - Part 1: 
General requirements define strict rules for the 
measurement environment. The test cell should be at 
25 °C ± 1 K, humidity under 75% and air flow less 
than 0.25 m/s during the entire measurement process. 
The measurements should be taken for more than 24 
hours and after the temperature is settled. Figure 3 (a) 
illustrates the typical operation cycle for a refrigerator 
for 24 hours (in this case the operating cycle of our 
DUT) starting at ''Start of the refrigeration process'' 
around room temperatures and it takes around 4 hours 

 

Fig. 2— Measurement setup 

Table 1 — EEI classes 

Energy efficiency class EEI 

A+++ EEI<22 
A++ 22≤EEI<33 
A+ 33≤EEI<44 
A 44≤EEI<55 
B 55≤EEI<75 
C 75≤EEI<95 
D 95≤EEI<110 
E 110≤EEI<125 
F 125≤EEI<150 
G EEI≥150 
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to reach the required cooling temperatures (4 °C),  
the compressor cycle can be easily observed between 
4 -5 °C. Figure 3 (a) is also exceptional in the sense that 
when the ''required'' cooling temperature is raised to  
5 °C, the compressor cycles are raised by 1 °C (between 
5-6 °C). The measurements for the EEI are recorded 
after the initial 24 hours, i.e. between 24 -48 hours after 
initial operation for a duration of 24 hours. 
 
Recording of the measurements  

All power and temperature measurement data have 
been recorded with a sampling period of 30 seconds, 
which means a total of 2,880 samples are obtained for 
the duration of 24 hours. Figure 3 (b) illustrates the 
outputs of three different thermocouples recorded for 
24 hours of operation. The yellow and blue recordings 
are obtained from the thermocuples which are 
immersed in standard M type loads while the red 
oscillating data is obtained from thermocouple which 
is open in air. The oscillating range for the loads are 
narrower compared to the open air thermocouple, 

simply because temperature change in open air inside 
the refrigerator cannot penetrate into the loads. This 
data is also exceptional in the sense that when the 
refrigerator is unattended (doors closed) and the room 
temperature is fixed, the DUT can keep the desired 
temperature (5 °C) with extremely narrow margins. In 
addition the refrigerator starts cooling when the 
ambient temperature inside the volume touches 6 °C 
and cools inside the refrigerator until right below  
5 °C. Figures 3 (c) and (d) display the RMS current 
and real power recorded synchoronuous to 
thermocouple recordings. The DUT uses 350 mA 
current (around 80 Watts) when cooling starts and 
drops less than 1 Watt in the stand by mode. 
 
Calculation of the EEI 

It is now possible to calculate the EEI figure since 
thermocuple outputs present proper cooling 
characteristics for the DUT. Energy consumption 
have been measured twice in order to observe the 
effects of room temperature at 20 °C and 25 °C on the 

 
 

Fig. 3 — Measurement values 



 KOSALAY & ILK: EXPERIMENTAL STUDIES AND TEST RESULTS ON THE ENERGY EFFICIENCY 579 
 
 

cooling performance of the DUT. The DUT had been 
operated for 48 hours but only the data in between  
24-48 hours of operation (once after the DUT has 
been settled) have been used. This comparison is fair 
as the DUT is designed to operate for ST (sub tropic) 
climates, that is between +16 - +38 °C but the energy 
efficiency tests should be carried out at 25 °C, 
according to the standard IEC 62552. Table 1 shows 
EEI range and Table 2 gives the EEI values and EEI 
class for the DUT at 20 °C and at 25 °C. 
 
Conclusions 

In this paper; we examine the potential savings and 
energy efficiency in refrigerators. Our motivation 
stems from the fact that refrigerators play a major role 
in consumption and unfortunately they cannot be 
planned or arranged to operate at certain time slots of 
the day. To this purpose we examine how to measure 
the energy efficiency of a household refrigerator 
according to standards and important parameters for 
energy labelling. Before taking any energy 
measurements, temperature distribution within the 
refrigerator has been examined and thermocouples 
immersed in different standard loads on different 
shelves show homogeneous temperature distribution. 
In addition, it is observed that they are within the 
described intervals. Then energy measurements for 
the EEI (Energy Efficiency Index) are recorded using 
a power meter, after an initial operation, in order to 
allow the DUT (Device Under Test) settle. Power 
measurements between 24-48 hours after switching of 
the appliance for a duration of 24 hours had been 
used. Test and measurements, carried according to 
IEC 62552, Household refrigerating appliances - 
Characteristics and test methods - Part 3: Energy 
consumption standards confirmed the manufacturer's 
claimed energy efficiency index of A+++. 
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