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Brief history of cold appliances 
performance standards 
1990s  
•  ISO first generation of technical legislation  
•  adopted in Europe as EN 153 of 1996  
•  laid down the foundation for the emerging energy 

labelling of products and the following 
requirements of Ecodesign 

2000s 
•  ISO 15502 (2005) revised and harmonised 

previous standards reissued as IEC 62552:2007 
•  implemented in Europe by the EN 153:2006  

(in the framework of Energy Labelling Directive 
and Ecodesign Directives) 

•  adopted as the EN 62552:2013 by CENELEC 



Features of tests prior to 2015 

•  The cold appliances should be tested according to 
its climate classification  
–  for subtropical regions (N-class) the test is carried out 

at an ambient temperature of 25.0±0.5ºC 

•  The daily refrigerator power consumption is 
calculated monitoring an integer number of on-
off cycles including at least two defrosting cycles 

•  The refrigerator must be instrumented with 
loading packages (some with thermocouples) 

•  Two (or more) tests are usually carried out, one 
slightly above and another slightly below the 
reference temperature, and the energy 
consumption is calculated from a linear 
interpolation of the results 



Harmonisation process 

•  The IEC in 2006 started a process towards 
converging, harmonised, and widely shared 
testing and labelling methodologies and 
procedures to overcome the not-negligible 
differences in regulations 
–  The subcommittee SC59M (Performance for household 

and similar cooling and freezing appliances) was 
established  

•  In May 2013 the subcommittee released for 
comment a committee draft for voting  
prIEC 62552 (Edition 2) as the consensus basis of 
a globally acceptable procedure to test the 
performance and energy consumption of 
household refrigerating appliances 



Current situation 

•  The proposed international standard prEN  
62552 Ed2 was finally adopted and published in 
February 2015 as IEC 62552-3 Edition 1 
–  The paper reflects tests that were conducted in 2014, 

therefore it includes comments and observations 
developed before the final publishing of the 
standard 

ISO IEC CENELEC	  (Europe)
ISO	  8187:1991
ISO	  5155:1995
ISO	  7371:1995
ISO	  8561:1995
ISO	  15502:2005 EN	  153:2006

IEC	  62552:2007
ISO	  15502/C1:2007	  
(small	  corrections)

EN	  62552:2013
IEC	  62552:2015 prEN	  62552	  ed2	  (2015/2016?)

EN	  153:1996



Variables that influence the performance 

•  The operating conditions 
–  Ambient temperature (Tamb) and humidity 
–  Settings of the thermostats by the user 
–  User interaction with the device (air exchange due to 

the doors opening; insertion of hot food, moisture) 
–  Installation (air circulation, distance from obstacles) 

•  The design of the product 
–  Characteristics of defrost and recovery cycles 
–  Defrost interval 
–  Process efficiency of the refrigeration system in 

removing the normal heat load 
–  Quality and level of thermal insulation 
–  Operation of the auxiliaries (if any) 
–  Size, configuration and proportions of the product 



New approach  
definition of “elements”  
•  Instead of measuring once and for all the energy 

consumption, the new IEC method quantifies as 
many as possible elements constituting the 
actual energy consumption, and aggregates 
them to reflect the operating conditions and 
usage patterns in different climatic zones 
•  IEC proposes an interregional comparison scenario 

based on the test of the elementary components 
(e.g. the steady state power or the daily 
consumption) 

•  According to this approach the different local 
regulation authority should choose the 
consumption components, which can be more 
relevant in their context, and combine them in 
the most effective-explanatory way 



Major changes in procedures 

•  two energy consumption tests at very 
different temperatures (16°C and 32°C), rather 
than close to a fixed temperature of 25°C  

•  additional tests were introduced to estimate the 
energy consumption associated to specific 
auxiliary systems (such as the icemakers) 

•  a load processing efficiency test was 
introduced for the quantification of the additional 
consumption due to the insertion of a load at 
ambient temperature (simultaneously with door 
openings) 



Minor differences between 
IEC 62552-3 Ed1 and EN 62552:2013 
•  General definitions partly differ 

–  the IEC introduces devices and systems not yet existing 
or commonly diffused in Europe when the EN was 
prepared (in particular related to wine cellars) 

•  IEC provides more detailed specifications for 
equipment, test chambers, general measurement 
procedures, including the appliances preparation 
for the tests 
–  the specified measurements uncertainties, instruments 

accuracies and tolerances are more restrictive. 

•  Some of the tests are included in EN but not in 
IEC or vice versa  
–  sealing of gasket, mechanical resistance to the doors 

openings tests, cooling capacity, … 



Minor differences between 
IEC 62552-3 Ed1 and EN 62552:2013 
•  Target temperatures in the fresh-food 

compartment differ 
+ 5 ° C in EN 62552    + 4 ° C in the IEC 

•  Considering the measurement of air temperature 
in the refrigerating appliances compartments, the 
prescribed arrangement and type of sensors 
differ 
–  In the EN the sensors were inserted directly in the load 
–  In the IEC for the energy consumption test, the low 

temperature compartments are tested with empty 
compartments  

–  The compartment temperatures are the average air 
temperature of different sensors (in copper cylinders) 
over the specified period 



Differences between 
IEC 62552-3 Ed1 and EN 62552:2013 
•  The storage test is very similar in EN and IEC, 

as both standards require loads in the low 
temperature compartments 

•  The procedures of load processing test is 
different 
–  In the EN standard the freezing capacity is measured, 

starting with a given amount of load that is 
subsequently reduced until the appliance can freeze it in 
24 hours 

–  In IEC, the load to be frozen is given (a light load of 
3,5 kg per every 100 litres of compartment) while the 
time of freezing is measured: the freezing capacity may 
be calculated 



Main differences in energy 
consumption test conditions 

Test condition EN 62552:2013 Released IEC standard 
Ambient temperature +25°C +16°C and +32°C 

Target temperature Fresh-food: +5°C 
Low-temperature: -18°C (warmest) 

Fresh-food: + 4°C 
Low-temperature: -18°C (average) 

Load Present in the low-temperature 
compartments Absent 

Temperature sensors Fresh-food: copper cylinder sensor 
Low-temperature: M-package 

Fresh-food: copper cylinder sensor 
Low-temperature: copper cylinder 

sensor 

Door opening Absent 

A scheduled sequence of door 
openings is not defined, but an 

opening is considered during the 
load processing test (door left open 

at 90° for 1 min) 

Daily consumption 

One value (at 25°C) obtained by 
average of the interpolations on the 
target temperatures of the different 

compartments 

Two values (at 16°C and 32°C) 
obtained by interpolation on the 

target temperature of a 
compartment with concomitant 
compliance with the maximum 
temperatures in the other ones 

Annual consumption Equal to 365 times the daily 
consumption 

Obtained as weighted average of 
the conditions at 16°C and 32 ° C 

and as function of indoor conditions 
and selection of energy 

contributions to be defined at the 
regional level 

 



The daily energy consumption at a 
given temperature, Edaily 
•  It is calculated on the basis of one defrost 

interval (tdf) summing up the steady state power 
consumption and the additional consumption for 
the defrost and recovery 

•  The ambient temperature is constant  



The annual energy consumption, Etot 

•  General formula that has to be adapted at local 
conditions by the local authority 

Number of days at 
16°C or 32°C 

Daily Energy 
consumption at 
16°C or 32°C 

Energy test 

Load test 



Energy, Load and Storage Tests 

2009 refrigerator/freezer 
a cabinet 3-doors modular device  
(FTZ compartment with variable temperature) 
Energy class A 
Climatic class  
•  SN  (10°C - 32°C)  
•  N  (16°C - 32°C)  
•  ST  (18°C - 38°C) 



ICELAB – Enea laboratory in Ispra 



Sample Fridge freezer 



Energy, Load and Storage tests 

•  Energy Test, we calculated the steady state 
power and the additional energy consumption 
due to defrost cycles  
–  Determination of stable power and temperature 
–  Defrost and energy recovery and temperature change) 

•  Load Test, the load processing efficiencies were 
calculated (Determination of processing load 
energy efficiency) 

•  Storage Test, with a stabilised load (24 kg) 

•  The tests were carried out in two configurations 
–  MOD1 FTZ compartment used as freezer compartment 
–  MOD2 FTZ compartment used as fresh food 

compartment 



Copper cylinder sensors  
for energy test 



Energy test in empty mode: 
difficult to prepare 



Copper cylinder sensors  
for load test 



Freezer during the storage test 
(standard packages and M-packages) 



Results of the tests 

Steady state power is corrected to take account of the differences between 
real ambient temperature and expected ambient temperature 



Main results 
Consumption / temperatures 
•  The steady state performances strongly 

depend on the ambient temperature 
–  from 16°C to 32°C, the power increases by about 120% 

and the compressor run-time of almost 110% 

•  The parameters linked to the defrost cycles 
are greater at low compressor run-times, 
and at 16°C ambient temperature 
–  From 16°C to 32°C, ΔEdf decreases by 10%  

and Δtdr by about 60% 



Results of energy test 
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Main results 
Defrost and storage performances 
•  Defrost cycles seem not to significantly affect 

the compartments temperature as the 
measured temperature variations were negligible 

•  The defrost interval and the load processing 
efficiency are weakly dependent on the 
ambient temperature and the operating mode 

•  Following the Storage test of the new procedure, 
the capacity of this particular fridge freezer 
to maintain a frozen load is not guaranteed 
at the measured energy performances 



Failed storage test 

•  Maximum temperature at stationary conditions of 
the freezer compartment should be -18°C, and 
while during the defrost cycles it should be -15°C  

•  The deviation from the prescribed thresholds is 
greater for low ambient temperatures (16°C), 
which were associated to low compressor run-
times 

Storage test Maximum Measured at 
16°C 

Measured at 
32°C 

Tma,unfrozen    6,50°C   3,97°C 

Max TSS2,frozen -18°C -15,20°C -17,44°C 

Max df,frozen -15°C -13,64°C -15,52°C 



Differences between  
storage and energy tests results 

•  Differences are due to the presence of the 
stabilised load 
–  The steady state power increases when the ambient 

temperature is 16°C (+ 28%)  
–  The additional energy defrost increases more  

when Tamb of 32°C (+ 21% compared to + 6%)  
–  The average temperatures of the compartments vary 

considerably when Tamb is 16°C (+2°C in fresh food) 



Conclusions 1 

The subtle art of standardization 
•  All models are a (partial) representation of 

reality 
•  All standards make choices,  

they lose pieces of information 
•  An excellent work of homogenization was 

made 
•  The interpolation at local/regional levels and the 

introduction of specific tests for quantifying the 
consumption due to a processing load can be 
relevant innovative approaches to simulate 
real conditions 

•  Still some implementation issue should be 
resolved 



Conclusions 2 

The difficult handicraft of laboratory tests  
•  Removing the loads in the energy tests could 

introduce a number of potentially critical issues:  
–  a more complex measurement setting procedure in 

these compartments 
–  a discontinuous approach with respect to the existing 

standards 
–  the risk to separate the energy performance of a 

refrigerating appliance from its ability to maintain a 
frozen load 

•  It has been difficult to ensure the 
acceptability condition 
–  Maximum deviation between the average powers of two 

periods preceding two consecutive defrost cycles, 
namely 1 W and/or 2%  



Conclusions 3 

The (im)possible task of identifying real 
consumption 
•  It is necessary to complete the calculation 

procedure for the annual energy consumption 
related to the local/regional scale, and based on 
ambient conditions characterising the European 
regions  
–  This would allow the comparisons of the annual 

energy consumptions, between the two standards 

•  Results and comments of further analyses and 
testing should be collected to produce a robust 
database for tests-supported revision procedures 
and improvements 



Thanks for your attention! 
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