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1 INTRODUCTION

1.1 Document revision history

Date Author Version | Remark / document change
6/4/2015 Martien Janssen D1 First Draft
13/4/2015 Martien Janssen V1 Modifications based on CECED

Phone Conference 13/4/2015

e Technical analysis for Category
7, type | appliances moved to
appendix D.

e Explanation of different treatment
defrost in the new global
standard in appendix C

e Small editorial changes

29/5/2015 Martien Janssen V2 Confidentiality removed

Note that this report is a follow up of an earlier study performed in 2013 which has been
concluded with report 13202/CE39/V3.

1.2 General

IEC SC59M/MT2 has completed a new, globally to be used, performance test standard for
cold appliances. This standard replaces the current ISO15502 / IEC62552:2007 standard
and is referred to as IEC62552-1,-2,-3:2015 (containing 3 parts). This new global standard
should not be confused with the EN62552:2013 standard at European level. This is
actually an update of the older EN153/ISO15502 standard and addresses a number of
smaller issues, while the new standard at global level includes significant changes
compared to the present standard. The process of converting the new global IEC standard
to a European version is ongoing within CENELEC.

This study intends to evaluate the impact of this new standard on the energy consumption
rating of cold appliances. To facilitate this, manufacturers organised within CECED have
tested a series of cold appliances and have submitted their test results to Re/genT. All test
results include energy consumption at the current standard in place (referred to as
EN62552:2013 in this study) as well as tests according the new global standard (referred
to as IEC 62552-1:2015, IEC 62552-2:2015 and IEC 62552-3:2015).

There are numerous changes between the new global standard and the current one, but
the most dominant changes which impact the energy consumption are listed in the
following table:

Item EN62552 | New Global Standard (IEC-62552-1,-2,-
3:2015)
Ambient Temperature [°C] | 25 16 and 32 °C.

The annual energy consumption is to be
calculated from Etotal = f{Eda,'/y.moc, Eda,'/y.gzoc} !
where fis a function to be regionally defined.
In this report the following relation is
suggested: Eipa = F*8365™ Egaiyy-16c + (1-

' |IEC62552-3:2015, clause 5.8.4
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F)*365* E 4iy-32c, Wwhere Fis a linear
interpolation factor”. F = 0 gives the 32°C
results and F =1 the 16°C results.

Fresh Food Target 5 4

Temperature [ °C]

Frozen Food Target -18 -18 average temperature of 5 or more
Temperature (3 and 4 star | warmest | distributed temperature sensors (no packages)
compartments) [°C] package

Table 1: Main changes in the new global standard

For a more detailed discussion regarding the new global standard and its advantages,
reference is made to Re/genT note 12320 / CE10 / V2 “Domestic cold appliances, global
test standard revision”.

From the list above, it can be seen that, at equal ambient temperatures, fridges will
consume more as the reference temperature has dropped from 5 to 4°C. Freezers will
consume less as the -18°C average temperature inside the compartment is easier to
achieve than the -18°C in the warmest package in the current standard. It can be
expected that the combination appliances of fresh food and frozen food compartments will
perform somewhere in between these two cases.

The new global standard has introduced two ambient test temperatures rather than one
for a number of good reasons. Some facts which can be mentioned:

a) Relatively high energy consumption at low ambient temperature (e.g. because of
the use of heaters) will now also be included in the final rating value.

b) Products with perfect compartment temperature control benefit from the new
standard compared to products with less perfect control, having temperatures
below target value when the ambient temperature deviates from 25 °C.

c) It is much more difficult to introduce circumvention measures (which are also
prohibited in the new global standard).

A final energy consumption declaration is based on taking part of the 16°C ambient
temperature test and part of the 32°C ambient test. The fraction to take from each test is
not defined in the new global standard but is left to each global region to define. This
allows taking into account specific climate conditions.

In chapter 2 the products evaluated are listed and some particular remarks are made. In
chapter 3 a comparison is made between energy consumption and volume using the
current and new standard. This chapter starts with a discussion on the ambient factor F as
there can be different views towards this factor.

Finally in chapter 4 some conclusions are drawn and recommendations for regulations
update are given.

% It is recognised that since the standard does not define the relation itself, different versions of the
formula may be applied. Above suggested formulation is in line with Australian and Japanese
studies where in the final proposals the numbers of days at each temperature are listed.
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2 PRODUCTS BEING STUDIED
2.1 Introduction
In total data of 73 products have been submitted for evaluation. These have been split

over different groups according the following table, which are not exactly aligned with the
product categories as defined in energy labelling/eco-design regulations:

Group Main characteristic Number of
products

Category 1,2 and 3 Fridges with or without chill compartments | 5

Category 7, single control | Combination appliances such as top and | 25

(Type ) bottom mounted freezers

Category 7, double control | Combination appliances 9

(Type Il) + Category 10,

static type

Category 7, double control | Combination appliances 16

(Type Il) + Category 10,

Frost Free

Category 8, static Upright Freezers 5

Category 8, Frost Free Upright Freezers 11

Category 9 Chest Freezers 2

Table 2: Groups used in the comparison analysis

Category 1, 2 and 3 are similarly behaving products as the main component generally is
the fresh food compartment. These have been dealt here within one group.

Category 7 products comprise combination appliances with a fresh food and frozen food
compartment (three or four star). The analysis of category 7 products has been split
between type | and type Il products (according EN62552:2013). The difference is that type
| products only have a single control whereas type Il products are categorized by a double
control. The single control products typically have a problem to balance both compartment
temperatures at all ambient temperatures. Often such products are controlled on the fresh
food temperature and the freezer compartment temperature results from the specific
design. According the current standard the freezer has to have a temperature below -
18°C at the target temperature of the fresh food compartment (+5°C)*. Storage tests are
performed at the lowest and highest ambient temperature declared in order to verify
correct compartment temperatures. Resetting of thermostats is allowed to achieve correct
temperatures. Nevertheless, most products do include some measure to avoid that the
freezer gets too warm at low ambient temperatures®. Such measures include additional
heat sources into the fresh food compartment, sometimes these need to be set by the
user (winter switch) or sometimes these are automatically activated using an ambient
temperature switch.

Further category 7 comprises both Frost Free and static cooled appliances. The Frost
Free appliances have a forced air circulation system and an automatic removal of frost
being formed on the evaporators. This is typically done by activating a heating device at

® In case the appliance is not able to achieve these temperatures, the temperature of the fresh food
compartment should be lowered until the freezer is -18°C, with the limiting case that none of the
individual sensors in the fresh food compartment may get below 0°C.

* Namely at low ambient temperatures there is less cooling capacity needed for the fresh food
compartment which commands generally the refrigeration system. E.g. at 10°C ambient
temperature there is very little demand and the refrigeration system would not be able to keep the
freezer cold.
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regular intervals to melt the frost after which the water is drained to the outside of the
appliance where it evaporates. The impact of the new standard is different for Frost Free
versus static appliances due to the treatment of the energy related to defrosting the
evaporator (see appendix C). In general the impact of defrost energy is more severe in the
new standard.

As Frost Free appliances in category 7 of type | (single control) are very rare, this
subcategory is not discussed, so the final division is in three groups: type |, type |l static
and type Il Frost Free. As a few category 10 products were included in the list of products
these are treated together with the category 7 products (mostly they were in 10 due to the
presence of a chill compartment).

The upright freezers category has also been split between Frost Free and static. The
reason for this is again that the new standard treats defrosts in a different way and
generally does not accept the long defrosts interval times typically used for this category
of products ((see appendix C).

2.2 Product data

The next tables show more details of the products evaluated, sorted per group.
Experimental details of all products are shown in appendix E.

Page 6 of 31



Report 15127 / CE40/ V2

& Juswedwoo iie paaio4

2 uswedwoo iie paaio4

| Juswedwoo ije padio4

£ Juawpedwod Jo adA}

2 Juawedwod Jo adA}

| Juswpedwod Jo adA}

sonsueorIeyd 1onposd 1Yo

yads ajqeLiBA=S/ ‘poaads pexi4=S-) adA} sosseidwon

$105581dW o9 JO JoquINN
S]0J}U0D JO JaqUINN
Sjuawedwoo Jo JequinN
SSEBJO 9jBWIfo Ul

SSEBJO 9)BWI[O XEW

(uring=|g ‘buipuejs 88i4=S+) Juswaoe|d souejjddy

il 1068320 doueddy

(26629N3) xapui Aousiolys Abiouz

Jequiny

- - - -

-

- - -

- - -

-

Cat1.3

Yes

Yes

Chill

Fridge

FS
FS
FS
FS
FS

FS SN
FS

21

No

Fridge

SN

29
30

No

Fridge

SN

Bl
FS
FS

No

fridge Fridge

SN

No

Fridge

SN

33

Cat7-1

No

No

* (%)

Fridge

VS

SN
ST SN

ST SN

Bl

23

No

*(***) Fridge No

fridge w. 4*- comp Fridge

FS
FS
FS
FS
FS
VS

2
2

Bl
FS
FS
FS

No

No

No

No

No

No

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No

No

No

No

No

No

No

No

No

No

7

33
33
36

heater in low ambient Fridge

SN
ST SN

comb sta to-fre Fridge

2

7

FS
FS
FS
FS
FS
FS
FS
FS
FS
FS
FS
FS

VS

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

zzzzzzzzzzzzz2zzZ
IR IR I N I I I I R I I I M A7)
EEFFFEEEEEERRFREF
n v n 0 nonoonoon

oo PLPonaoodomodm PPLPLEP
L T T D e O L R R R e LR
O N ~ M — M — O N N — © 0 1 ©
N N O M O F & F F OO 0o 0o
6—/890123456—/89%

FS
FS
FS
FS
FS

7 Bl ST
7
7

7
7

43

21

2
2

ST SN
ST SN

ST

Bl

22 45
23 43
24 44
25 37

Bl

Bl
FS

ST

Table 3: Overview of products in category 1-3 and category 7, type I (single control)
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Cat 7-Il-Static
1 22 7 FS T SN 2 2 1 VS Fridge *(***) No No
2 23 7 FS T SN 2 2 1 VS comb sta bo-fre Fridge *(***) No No
3 31 7 FS T SN 2 2 A1 FS Fridge *(***) No No
4 19 7 FS T SN 2 2 1 VS Fridge *(***) No No
5 33 7 Bl ST SN 2 2 A FS Fridge *(***) No No
6 33 7 BI T SN 2 2 A FS Fridge *(***) No No
7 3 10 Bl ST SN 3 2 1 FS Fridge *(***) Chill  No No No
8 33 10 Bl ST SN 3 2 1 VS Fridge *(***) Chill  No No No
9 32 10 Bl ST SN 3 1 1 FS Fridge  Chill *(***)  No No No
Cat 7-1I-NF
1 32 7 FS T SN 2 2 1 VS comb sta nfbo-fre Fridge *(***) No Yes
2 40 7 FS T SN 2 2 1 FS side by side Fridge *(***) **  Yes Yes Yes
3 44 7 FS T SN 2 2 1 FS comb sta nfto-fre Fridge *(***) No Yes
4 32 10 FS T SN 2 1 1 FS Fridge  Chill *(***) Yes Yes Yes
5 31 7 FS T SN 2 2 1 FS Fridge *(***) Yes Yes
6 33 7 FS T SN 2 2 1 FS Fridge *(***) Yes Yes
7 36 10 Bl ST SN 3 3 1 FS Fridge *(***) Chill No Yes No
8 31 10 FS T SN 3 3 1 VS Fridge *(***) Chill Yes Yes Yes
9 30 10 FS T SN 3 3 1 FS Fridge *(***) Chill Yes Yes Yes
10 31 10 FS T SN 3 3 1 FS Fridge *(***) Chill Yes Yes Yes
11 31 10 FS T SN 3 3 1 FS Fridge *(***) Chill Yes Yes Yes
12 21 10 FS T SN 3 3 1 VS Fridge *(***) Chill Yes Yes Yes
13 37 7 FS T SN 2 2 1 FS Fridge *(***) Yes Yes
14 32 7 FS T SN 2 2 1 FS Fridge *(***) Yes Yes
15 32 10 FS T SN 3 2 A1 VS Fridge  Chill *(***)  No  No Yes
16 31 7 FS T SN 2 2 A VS Fridge *(***) No Yes

Table 4: Overview of products in category 7, type Il (double or more control), static and frost free
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Table 5: Overview of products in category 8 (upright freezers, static and Frost Free) and category 9

(chest freezers
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3 COMPARISON OF ENERGY CONSUMPTION AND VOLUME
3.1 Discussion regarding the factor F

The interpolation factor F between the 16 and 32°C test can be looked at in different
ways:

a) A simple procedure is to take the average of the two tests (so F = 0.5).
Mathematically such factor F=0.5 equates to an ambient temperature of 24°C
(linear interpolation).

b) One can calculate the factor which would be needed to get an average ambient
temperature of 25°C by linear interpolation. This gives a factor F=0.4375.

c) One can analyse the energy consumption trend between 16 and 32°C and find the
factor which results in the same energy consumption as a test at 25°C would yield.
As the trend is not linear between these two temperatures, this does result in a
different factor than 0.4375.

With respect to point c) there are two possibilities. One could analyse the trend by
comparing experimental data. This has been performed in detail within SC59M/MT2 albeit
with a different purpose, namely to derive correction factors for ambient test temperatures
deviating from the nominal value. However, the experimental analysis performed is also
valid for the discussion in this report. In Appendix B the experimental analysis is included.

A second possibility is to use a theoretical evaluation. Namely there are two fundamental
physical effects which cause a specific trend in energy consumption as a function of the
ambient temperature:

a) The heat load of a compartment scales approximately linearly with the temperature
difference between ambient and target compartment temperatures.

b) The efficiency of any refrigeration system follows fundamentally the efficiency of a
Carnot cycle. The Carnot cycle shows that the efficiency of pumping heat from a
low to a high temperature reduces non-linearly with increasing temperature lift
(defined as the temperature difference of the hot minus the cold side).

This analysis is carried out in appendix A.

The result of both the theoretical and experimental model, lead to the conclusion that a
factor F=0.5 (interpolation temperature 24 °C) yields on average the same result as a real
test at 25°C. Consequently a factor F=0.4375 (interpolation temperature 25°C) gives an
over prediction of the energy consumption at 25°C of app. 5 % (average of all categories).

In the meantime, within CENELEC, the work on a revision of EN62552 has started and
consensus has been reached to use a factor F=0.4375 (interpolation temperature 25°C).
Main reasons are:

1. An interpolation temperature of 24°C seems to relax the energy consumption test
compared to today (though technical arguments are included in this report, these
are fairly complex to demonstrate)

2. Simplicity (not the factor will be used in the communication but the linear
interpolation temperature being 25°C)

3. As reference lines need to change for all categories in a future eco-design / label
update, the average increase in energy consumption can easily be incorporated.

In this report, further a factor F=0.4375 (Tk=25°C) is used.
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3.2 Comparison of energy consumption and volume

As a first analysis the data of the products are collected and split over the different groups.
For each product the energy consumption obtained with the new standard was compared
with the energy consumption according the current standard (EN62552:2013) as baseline.
The results are shown in Figure 1. Observations are made for each of the specific
categories in the next subchapters.

Difference with EN62552 Energy Consumption [%]
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Figure 1: Impact of new global standard on energy consumption; average values are given for each
group (for cat 7-1 and Cat 7-lI-static also averages after filtering are shown)

The red dots in the chart present the energy efficiency index of each product. As can be
seen the products are well distributed between efficiency classes.

The measurement and definition of volume is also changed in the new global standard
and have therefore been compared®. The results are shown in Figure 2 and are also
discussed in the next subchapters. The volume increase of each compartment is given, so
for products having three compartments, 3 columns are shown.

® Volume according the new global standard and storage volume according EN62552:2013.
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Figure 2: Impact of new global standard on volumes

3.2.1 Category 1

For the 5 fridges evaluated the average increase in consumption is (rounded) 19 % for
F=0.4375°. This 19 % can be explained by the following effects:
e Reduction in fresh food target temperature from 5 to 4°C. On itself this is an
increase in heat load of app. 5 % (at 25°C).
¢ Reduction in efficiency of the refrigeration system due to the lower compartment
temperature.
e Effect that interpolation of 25°C gives a higher consumption than an actual test at
25°C (estimated at 7 % for fridges, see appendix A.)

On the volume the effect of the new global standard is very small or even absent.

3.2.2 Category 7, type |, static

Within this subcategory, 25 products where evaluated where the energy consumption
increase shows a very wide spread, ranging from an increase as low as 12 % to as high

as 75 %' with an average value of 28.1 %.

To better understand this large spread, a technical analysis has been performed which is
included in appendix D. The conclusion of this analysis is that not all products are useful

® Which reduces to 12 % if F=0.5 would be used.

” The extreme case of 75 % (product 3) is for a fridge with a 4 star compartment inside which has
an energy consumption at 16°C app. equal to the consumption at 32°C (659 versus 657 kWh/y)
whereas the energy consumption at the current standard is 376 kWh/y. This is due to a heater
being activated at 16°C
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to estimate the impact of the global standard as these have been optimised against the
current standard and will be optimised against the new standard once this is in place. In
total 18 appliances were excluded due to these effects and 7 appliances remained where
there is hardly any room for optimisation towards the new standard. The average energy
consumption increase of these 7 products was 9 % (rounded).

As mentioned, to a certain extent manufacturers will be able to optimise the products
towards the new standard, but within certain limitations. E.g. the appliance has to function
correctly at the maximum and minimum ambient temperature (climate class) for which it is
rated and which is verified by means of the storage temperature tests. These are carried
out with load and here again the warmest package criterion applies®. Further a
specification of a freezing capacity might need to be met. These issues limit the
adaptations manufacturers can make towards evaporator sizes and the capacity of
heaters.

The fact that manufacturers are able to improve these product is actually a strong positive
aspect of the new standard as it increases the incentive to reduce additional heating
power or add additional control elements (which will however increase product costs),
which will finally reduce the energy consumption at consumers home.

The effect on volume is generally very small (max of 5 % for the frozen food
compartments) as these products are typically equipped with smaller frozen food
compartments (often without drawers) and the impact on the larger fresh food
compartment is generally very small only.

3.2.3 Category 7, type Il, static

For this type of product, 9 products have been evaluated. The average change in energy
consumption is 10.4 %.

Also for these products a similar analysis can be made as for the type | products which is
shown in Figure 3 (a similar picture is shown for type | products in appendix D). This
shows the energy difference as function of the energy consumption ratio between 16°C
and 32°C which should theoretically be around 40 % for optimally controlled appliances.
For type Il products, the results are indeed concentrated around 40 to 50 % of the energy
consumption ratio which can be expected as the products are able to control temperatures
at both ambient temperatures.

There is one exceptional case here, which is product 8 which had quite low freezer
temperatures at both 16°C and 32°C ambient temperature, while the product was well
controlled in the base line tests according the current standard. As it is expected that such
product would be modified after the introduction of the new standard, it was further
excluded. The average consumption increase of the remaining 8 products reduced to 7 %
(rounded).

The increase in energy consumption is lower than for the refrigerators from category 1 to
3, which can be explained by the fact that the incremental energy for the fridge is
compensated with a reduction for the freezer compartment. The final impact of the new
global standard is of course dependent on the product design, which is shown here by the
spread in results from -2 to +17 %.

® Suppose a product has climate class N-ST than a storage test at 16°C must be carried out with
load, where the warmest temperature must be below -18°C. This means that adjusting the product
so that the average of the freezer at 16°C is just -18°C is generally not feasible.
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The effect on volume is again only small for this category, with maximum values of app. 3
%.

50

IN
o
[

>

2

()]

o

11}

gx

ml—l

© 5

ik

.:EZO 9

£ 0 4@ 7

25 [ 2 o

O 10 o)

2 1 5

£ o

a 4 ® 5 3
00 01 02 03 0% 05 06 07 08 09 10
-10

Energy consumptionat 16 C / Energy consumption at32C

Figure 3: Energy consumption increase for category 7 type ll-static appliances

3.2.4 Category 7, type Il, Frost Free

For this subcategory, 16 products were evaluated having an average increase in
consumption of (rounded) 9 %, which is higher than for the static products. This can be
contributed to the higher impact of the defrost energy in the new standard (see appendix
C). Namely the maximum defrost interval which can be used is more limited. According
the current standard these products used time intervals of 48 or 72 hours while in the new
standard this is shorter. Especially for very efficient products this has a large effect’.

Again the products where analysed using the energy consumption ratio, which is shown in
Figure 4. Here the products are again concentrated around 40 to 50 % of the energy
consumption ratio which can be expected as the products are able to control temperatures
at both ambient temperatures.

° Defrost energy is used to heat up the evaporator above zero and to melt the ice formed. The
energy associated with this is relatively independent of the efficiency of the cold appliance itself,
which means that the relative contribution of defrost increases for very low consuming cold
appliances.
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Figure 4: Energy consumption increase for category 7 type lI-Frost Free appliances

The effect on volume is again only small for this category in general, where the relative
differences represent mostly a few litres only. Exception is for the frozen food
compartment of in total 3 appliances. Here the effect is significantly larger which is due to
the fact that the measurement was done in the base-line tests with baskets in place, while
in the new global standard these are not taken into account. In the current standard,
mostly the volume is also declared without baskets unless testing without these is not
feasible.

3.2.5 Category 8, static

Here 5 products were evaluated which had an average increase in energy consumption of
(rounded) -1 % (so actually a reduction). This is the result of:
1. A higher average temperature in the freezer compartment in the new standard.
2. Effect that interpolation at 25°C gives a higher consumption than an actual test
at 25°C (estimated at 3 to 5 % for freezers, see appendix A.)

The effect on volume differs per product. For product 1 a relatively high percentage is
found (15 %), which can be contributed to the use of baskets in the current standard. The
product is a relatively small (100 litre) freezer.

3.2.6 Category 8, Frost Free

The average effect on Frost Free upright freezers is (rounded) +2 % increase. Compared
to the static versions, there is an additional negative impact due to the reduction in defrost
interval. In the present standard these are tested with a defrost interval of 72 hours which
reduced significantly for all products. As the defrost energy in relative sense becomes
more important for low energy consuming products, the reduced defrost interval penalises
the results further.
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It can be expected that for the Frost Free appliances within this category the defrost
algorithm will be adjusted by the manufacturer once the new standard is in place. This
may slightly improve the results but, as the maximum defrost interval is more limited in the
new standard, a penalty will remain compared to the current standard. This is on itself not
a real problem. The current standard having intervals of 72 hours is also fairly unrealistic
observing the normal use of such products. It does however support that maintaining a
bonus for Frost Free frozen food compartments in the energy regulations, remains very
relevant.

Again the impact on volume has been quite small for this category, as mostly the current
declaration has also been performed without baskets.

3.2.7 Category 9

The data on chest freezers is limited to two products. These delivered on average a
consumption reduction of (rounded) 2 %. Also here the advantage of the higher average
compartment temperature is partly negated by the interpolation at 25°C which increases
the consumption roughly by 3 to 5 %.

There is hardly any influence on volume for this type of product.
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4 CONCLUSIONS

For this study a number of cold appliances have been experimentally evaluated with
respect to the energy consumption under the current standard and with respect to the new
global standard developed by IEC.

Energy consumption and volumes have been compared by making groups of products
with different characteristics. This is necessary as due to the various changes, the impact
of the new global standard is very different from one product to the other.

The new standard requires tests at 16°C and 32°C ambient and leaves open how the
results should be interpolated. In this report, all results are interpolated at a temperature of
25°C (F=0.4375). It has been evaluated that, due to the curvature of energy consumption
versus ambient temperature, this overestimates by approximately 5 % the energy
consumption which would have been obtained from a real test at 25°C. If another
interpolation temperature will be chosen, the results presented in this report need to be
recalculated.

The following conclusions are derived from this study with respect to energy consumption.

1. For refrigerators (Category 1, 2 and 3) an average increase of 19 % has been
found, for a large part due to the lower average fresh food compartment
temperature in the new global standard.

2. For refrigerator-freezers (Category 7) with a single control (type |) a large spread in
data has been found. Product adaptations to better match the new global standard
are expected but will be limited. By filtering from the analysis those products which
will likely be adapted, an average increase in consumption of 19 % has been
found.

3. For static refrigerator-freezers with multiple controls (type IlI) an increase of 7 %
was found. The new global standard advantages the frozen food compartment
which results in this lower increase compared to the refrigerators group.

4. For frost-free refrigerator-freezers of type Il an increase of 9 % was found. The
difference with the previous group is the fact that the energy for defrost is more
strongly taken into account in the new global standard.

5. For static upright freezers an average reduction of 1 % was found while for frost-
free upright freezers an increase of 2 % was found. Again the difference can be
contributed to different treatment of the energy needed for defrost.

6. For the chest freezers an average reduction of 2 % was noted.

With respect to volume it is concluded that in general the volumes increase as the
definition of volume in the new standard is based on the volume being cooled. However,
the increase in volume is generally fairly small, except for those cases where the storage
volume is measured today taking baskets into account (which is only the case in a limited
number of products).

It is of high importance that the new global standard will be considered in the next update
of eco-design and energy labelling regulations. Several countries have already included
the new global standard in their proposed regulation updates (e.g. China, Japan,
Australia/New Zealand).

Obviously, due to the change in energy consumption when the new global standard is
applied, a regulatory update should take converted energy consumption values into
account, for which the data in this report is useful. CECED further proposes an update for
categories and correction factors, which is presented in a separate note (see Re/genT

Page 17 of 31



Report 15127 / CE40/ V2

note 15116 / CE12 / V6). In that note, also a data analysis is presented for each product
category, taking into account the results from this study.
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APPENDIX A THEORETICAL ANALYSIS OF ENERGY CONSUMPTION VERSUS
AMBIENT TEMPERATURE

To evaluate the impact of the ambient temperature on the energy consumption of a
domestic cold appliance it is possible to use a theoretical model based on the following
physical fundamentals:

1. The heat flowing into a product is proportional to the temperature difference
between ambient and inside of the product.

2. The efficiency of a refrigeration system reduces with increased temperature
difference (lift) between the heat rejection side (the condenser) and the heat
absorption side (the evaporator). As the refrigeration system is based on a
reversed Rankine system it follows theoretically the efficiency as defined by
Carnot.

Following these principles a mathematical, simplified, model of a cold appliance has been
constructed.

The heat load of a product (multi compartment) is:

Cc=n

Q=) (UA).(T,-T,)

Where UA represents the appliance compartment conductance (W/K) and T, and T.the
ambient and compartment temperature, respectively.

All calculations are carried out by using the 25°C ambient temperature case as reference
or nominal case. Therefore the nominal heat load can be defined as follows:

c=n

Q"" =Y (UA).(25-T,)

c=1

This heat load needs to be adsorbed at the cold side heat exchanger (evaporator) and
rejected (together with the compressor input) at the hot side (condenser). It is assumed
that a certain temperature difference is needed between the compartment and the
evaporator, respectively between the condenser and the ambient, to transfer this heat. It
is assumed that these temperature differences remain constant over the ambient
temperature. For standard compressors this may be more or less true as the increased
heat load is compensated by increased running time percentages of the compressors. For
variable capacity compressors, this is less correct as the temperature difference will
change with the capacity. For the cold side the following formula is used:

_ _ nom
Tcnld - Tref ATcnld

The reference temperature T, should be chosen here as the coldest compartment
present. The temperature difference AT,y is taken as a nominal value at the 25 °C
reference case, i.e. the temperature difference which occurs at 25°C ambient operation
where Q = Q™. Typical values are used here for the different product categories.

For the hot side a similar relation is present here, where it should be noted that the hot
side temperature also changes when the ambient temperature itself changes.

Ty, =T, + AT;""

hot hot

For a reversed Rankine process, theoretically the maximum efficiency is defined by
Carnot’s relation. Based on the cold side efficiency the coefficient of performance (COP)
is expressed as:
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cop. = L +273.15

Carnot —
T Tcnld

hot

Where the temperatures must be given in °C. As no system reaches this maximum
efficiency a Carnot efficiency ratio can be introduced in order to obtain the real system
efficiency (COP):

COP = nCurlzntCOP

Carnot

Once the heat load is known and the system efficiency, it is possible to calculate the
power consumption (P) of the system by:

-2
COP

For convenience a reference can be made to the 25°C ambient case where the power
consumption is:

Pll()ln — Q
cop™
By dividing the power at any ambient temperature by the nominal power a non-
dimensional power (or energy consumption) can be defined:
P
PI’L()WI

This parameter has actually been charted in Figure 5, Figure 6 and Figure 7 as a function
of the ambient temperature.

P =

For the calculations the following values were used:

Parameter Category 1 Category 8+9 Category 7
UA [W/K]'® 1 1 1

Tret [ C] 4" -18" 4 and-18
AT [K] 15 10 8

ATt [K] 10 12 10

Ncamot 0.6 0.6 0.6

Note that these values represent relatively well designed appliances with moderate
temperature differences on the heat exchangers and a fairly high compressor efficiency.

"% For the non-dimensional values which finally results, this value makes actually no difference.

" This calculation is made in view of the new global standard which defines 4°C as target for the
fresh food compartment.

'2 This calculation is made in view of the new global standard which defines -18 °C for frozen food
compartments.
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Figure 5: Effect of ambient temperature on energy consumption for fridges (relative to the
consumption at 25°C which is set to 1.0).

As can be seen, for fridges one would need to use a factor F=0.5 to get equal energy
consumption as a test of 25°C would reveal. If the linear relation would be applied
(F=0.4375) the resulting energy consumption would be 7 % more.
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Category 8 and 9,

Reference Temp. = -18 °C
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Figure 6: Effect of ambient temperature on energy consumption for upright and chest freezers (relative
to the consumption at 25 °C which is set to 1.0).

For freezers the effect is significantly smaller and a factor F=0.47 would correspond with
the 25 °C test condition. This difference with fridges is caused by the fact that the total
temperz%gure lift (from cold to hot side) changes less in relative sense for a freezer than for
a fridge'™.

'* E.g. if the ambient temperature increases 1 K this means for a fridge a relative increase of
almost 5 % on the temperature difference between ambient (25°C) and target temperature (4°C).
The same change results only in a relative increase of app. 2 % for a freezer (with target
temperature of -18°C).
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Figure 7: Effect of ambient temperature on energy consumption on combination appliances (relative to
the consumption at 25 °C which is set to 1.0). ).

For combination appliances a factor of F=0.48 is needed to get the same results as for the
25°C test. As can be expected this value is in between the factors found for the freezer
and the fridge.

Concluding, the theoretical analysis justifies that a higher factor F is used than the linear
one. Averaging all products, there is a basis for using a factor 0.5 for interpolating the
energy consumption, despite the fact that this linearly equates to an ambient temperature
of 24°C. This apparently seems to relax the test condition against a 25°C test, but it has
been shown that this is not the case due to the non-linear fundamental trend in energy
consumption as a function of ambient temperature.

To illustrate the validity of the theoretical model it has been compared with an
experimental analysis (see appendix B). It is concluded that both models are well in line
and support the remark that a factor F= 0.5 would yield similar results as a test performed
at 25°C ambient.

Using a factor of 0.4375 (which correlates with an interpolation temperate of 25°C) would
result in an average increase of 2 to 7 % depending on the category. Taking an average
of both experimental analysis in appendix B and this theoretical model, a value of 5 % can
be assumed.
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APPENDIX B PRACTICAL ANALYSIS OF ENERGY CONSUMPTION VERSUS
AMBIENT TEMPERATURE

For the evaluation of ambient correction factors a study was carried out within IEC59/MT
(by L. Harrington) which was based on analysing the impact of the ambient temperature
on the temperature consumption. This work was based on a large number of products
from which consumption and temperature data was taken at various ambient
temperatures. Data has been averaged from which trend lines were drawn. From these
trend lines a correction factor formula was derived (see IEC 62552-3:20156). This formula
can be seen as average trends for a large number of products where the trend differs
depending on the compartment temperature and the type of appliance (1 or 2
compartments).

If this equation is used to calculate backwards the trend lines of energy consumption
versus temperature (in relative sense to the consumption at 25°C), it is possible to draw
similar graphs as presented in Figure 5, Figure 6 and Figure 7.
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Figure 8: Effect of ambient temperature on energy consumption for fridges (relative to the
consumption at 25 °C which is set to 1.0).

Compared to Figure 5 the curve is similar. The point where the interpolated consumption
matches the 25°C ambient consumption is at F=0.51, whereas a value of 0.50 was found
for the theoretical mode.
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Figure 9: Effect of ambient temperature on energy consumption for freezers (relative to the
consumption at 25 °C which is set to 1.0).

Also here a reasonable correlation with the theoretical model in Figure 6 is found. The
point where the interpolated consumption matches the 25°C ambient consumption is at
F=0.53, whereas a value of 0.47 was found for the theoretical mode showing that the
curvature is stronger in the experimental data.
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Figure 10: Effect of ambient temperature on energy consumption for combinations (relative to the
consumption at 25 °C which is set to 1.0).

Compared to Figure 7 the curvature is again stronger. The predicted point where the
interpolated energy consumption matches the 25°C ambient consumption is at F=0.5
versus 0.48 in the theoretical analysis.
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APPENDIX C DEFROST INTERVAL

The measurement of defrost energy differs between the new global standard and
EN62552:2013. The main differences are shown in the table below:

Aspect

EN62552:2013

1E62552-3:2015

Energy
consumption

A test period must include at
least one defrost and
recovery period (which is
called an operating cycle)
and be longer than 24 h.

The test is split in two parts:

a) a steady state part in which no
defrost occurs

b) a defrost and recovery part (including
period prior to defrost)

The two parts must be added together

taking the defrost interval time into

account.

Temperatures
during defrost

During the test period it is
allowed that temperatures
increase above the
compartment temperature for
a limited duration (4 hours or
20 % of operating cycle) and
for a maximum value of 3 K

Incremental temperatures during defrost
must be calculated and are added to the
temperatures during the steady state part
(in a similar way as incremental energy is
added).

Defrost
interval time

For full frost-free (having air
exchange between fresh food
and frozen food) the
maximum operating cycle
length is 48 hours. For other
frost free appliances the
maximum length is 72 hours.

The longer the defrost
interval the smaller the
impact of defrost energy.

Three possibilities:

a) fixed time interval (as defined by the
product hardware)

b) fixed compressor run time (as
defined by the product hardware)

c) variable defrost

For variable defrost the length of the
defrost interval is not measured' but
calculated based on two parameters
which must be declared by the
manufacturer (and which can be
checked). These are the maximum and
minimum defrost interval length at 32°C
ambient. Next a formula is used which
gives a defrost interval time of 40 hour in
the best case and 6 hours in the worst
case.

To obtain the 40 hours, the maximum
defrost interval must be declared as 96
hours which may be difficult to achieve
with full frost-free products.

The defrost interval time at 16 °C is taken
as the double value of the 32°C case.

' In principle the defrost interval is not measurable as it depends on the history of the appliance
(e.g. door openings, preceding temperature/humidity conditions etc.).
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APPENDIX D ANALYSIS CATEGORY 7 TYPE | APPLIANCES

These product types showed a large spread in energy change when using the new global
standard. To better understand this large spread, two type of analysis have been made.

The first one is based on the fact that for an optimal controlled system the energy
consumption at 16 °C should be app. 40 % of the consumption at 32°C for this category of
appliance (see appendix A and B). Therefore it is interesting to plot the energy
consumption increase versus this ratio of energy consumptions as shown in Figure 11.
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Figure 11: Energy consumption increase for category 7 type | appliances, the label refers to
compartment temperatures in the base line test as explained in the text

Products having a ratio of around 0.6 and higher are most likely using some kind of
heating device at 16°C which increases the consumption. For each product also a label is
shown in the diagram which represents data from the base line test (EN62552:2013) at 25
as follows:
e |f the product is interpolated at 5°C, the label shows the interpolated frozen food
compartment temperature (so always lower than -18 °C).
e If the product is interpolated at a frozen food of -18°C, the label shows the
interpolated fresh food temperature (so always lower than +5°C).
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These temperatures at the base line test are relevant, as all products are assumed to
have been optimised around the current test standard. If the fresh food compartment is
below +5°C, this means that the product is actually running colder than needed and is
therefore automatically closer to the new +4°C target in the new global standard. Hence
the energy consumption increase becomes smaller. Products showing a low fresh food
compartment temperature are indeed mostly present at the lower part of the chart.

Contrary, products with a low frozen food compartment temperature (which means that
interpolation has taken place on the fresh food temperature), will become even colder in
the new standard, so the energy consumption increase will be higher. Most of such
products are indeed present in the upper part of the diagram.

A second analysis is made by plotting the tests at 16 and 32°C in a chart with the frozen
food compartment temperature on the x-axis and the daily energy consumption as y-axis
(this for all 25 products evaluated which have been split over 2 diagrams for visualisation).
For all products the interpolation has taken place at 4°C fresh food temperature as the
frozen food was always sufficiently cold'. This gives the diagrams shown in Figure 12.
There are some conclusions which can be drawn from this figure:

1. In practically all cases the frozen food compartment is significantly colder than
needed. This is not unexpected; all products have been designed for a -18°C
warmest package while in the new global standard the average of the
compartment is measured.

2. Theoretically a test at 16°C ambient should have about 40 % of the energy
consumption of the test at 32°C and the frozen food compartment temperature
should be higher than at 32°C. This means that a decreasing line is expected from
the red to the blue dot. Many lines are quite different however, meaning that some
other mechanism is influencing (e.g. heaters at 16°C, which drive up the
consumption and make the frozen food compartment colder).

3. In several cases optimisation towards the new global standard is feasible, which
means that not all measured energy consumption increases are representative for
the actual effect which can be expected after implementation of the new standard.

In order to still get an impression of the impact of the standard the products were filtered:
1. All products where the frozen food at 16°C ambient has been below -20°C are
excluded which filters out products where the balance temperature can be
adjusted in the direction of warmer frozen food compartments.
2. All products where the ratio of energy consumption at 16 versus 32°C is larger
than 60 % are excluded which likely filters out the use of heaters.
In total 7 products remained and their average increase was 19 % (rounded).

'> With only one exception, the test at 16°C for appliance 14 was interpolated on the frozen food
compartment of -18°C and in that particular case the fresh food was +3.5°C.
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Figure 12: Energy consumption for cat 7 type | appliances using the new global standard, the red dots
are at 32 °C and the blue dots at 16 °C ambient temperature. The numbers refer to the product.
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APPENDIX E DETAILED TEST DATA

Please zoom this table to about 300 % to make the data readable

Firstfactor 04375

. o 5 5

§ 3 H H

i ] :
3 % o :% £z ¢ o2 IR % £ % 8 -E
i g Eor Rt HE IR IE HEE g £ g HE
g g T (I L i ‘“g ng oy :os 8
§ 0 of o f PP o83 it E0F f . 350§ : P OE frrrrofiergg:optE:rgroRbos
2 € H F 8 8 8 8 8 55 3 3 3 E g s § = 8 g S 5 & ® E 3 3 § 8 8 E 3 3 8 8 8 3 3
£ 5 ¥ o i Eoilogs E‘E‘E‘§S§'&'&'&E‘E‘E‘QQQ§§SEH&&§@ggyyy §
AR N U NN N (N A N F NN N (NS NI 1% A0 A N I U A I O IO 1 S U1 NS IO 1NN D N
2 8 & 38 8 3 3 3 [ &8 S S S 2 g8 & & &8 £ 2 =2 2 £ 24§ g 8§ 8§ & & & 8§ g 8§ 8§ & & 2 l% s
o e~ e [Flm e Fleer Flrgl=lre Flreil=lier s [2loms[=]ms]= | gmd = ams~ 1) [+] (=] €=l e e~ am|~] m{= | gml= | pd =] pd =] =) =] pand =] o= | = e~ e =] =] (=] pwmd= | = = | el reel =] el= | whve ~ | o) [~
1 6790 720 50 -180 50 -180 2750 890 6055 320 40 -180 2770 890 07 00 4190 800 40 -180 9930 400 40 -180 7419 93
2 12070 433 480 50 -180 -120 3841 1731 292 10748 397 40 -180 120 3890 2100 00 13 213 27 8600 240 40 -204 1655.0. 240 40 -188 13072 57
3 817.0 720 50 -180 50 -180 2500 600 4858 438 40 -180 2520 60.0 08 00 5230 800 40 -180 12020 400 40 -180 956 170
4 630 368 540 50 15 180 50 00 -180 2230 230 860 5684 318 40 20 -180 2230 230 8.0 00 00 00 5134 261 150 40 20 <180 10710 524 208 40 20 -180 8270 193
s 6420 480 50 -180 50 -180 380 2680 860 se79 308 40 -180 2710 880 11 23 4169 260 40 180 2080 480 40 -180 6931 80
6 627.0 480 50 -180 50 -180 1940 870 s22 330 40 -180 1960 890 10 23 3740 280 40 180 8530 280 40 -180 6434 26
7 7110 720 50 180 18 50 -180 00 690 1280 610 560 4691 362 40 1180 20 1290 630 580 08 33 36 3737 %0 40 -205 10 9610 360 40 201 06 7040 10
8 7380 480 50 -180 23 50 -180 00 700 2670 920 360 6592 311 40 180 20 2630 940 380 07 22 56 4559 250 40 -180 9490 490 40 -180 7333 06
9 8470 480 50 -180 21 50 -180 00 350 2110 860 230 5540 30 40 180 20 2130 880 240 09 23 43 4650 240 40 192 9140 400 40 194 7176 109
10 6930 480 50 -180 20 50 180 00 2460 860 230 5%0 310 40 180 20 2480 880 240 08 23 43 4770 280 40 -180 10730 280 40 -180 8123 172
11 8310 480 50 -180 25 50 180 00 3550 1080 430 8249 305 40 1180 20 3580 1100 440 08 19 23 5950 280 40 -180 11480 280 40 -180 906.1 20
12 561.0 480 50 180 27 50 180 00 3550 1080 430 8249 206 40 180 20 3580 1100 440 08 19 23 3520 280 40 -180 8690 280 40 -180 6428 146
13 7430 480 50 -180 50 -180 210 870 5490 372 40 -180 2360 890 13 23 5160 280 40 -180 10010 280 40 -180 7888 62
14 6310 480 50 -180 50 -180 2160 870 5286 323 40 180 2180 89.0 09 23 3780 280 40 180 8860 280 40 -180 6638 52
4 540.0 18.0, 330 2200 il 567.6. 317 18.0. 2240 18 402.0 22,0 7430 20.7 5938 100,
5 4240 18.0 720 2370 il 5115' 240 18.0. 2410 17 282.0 20.1 607.0 198 4648 96
2 4730 550 720 -180 180 2860 8855 218 180 2860 00 7 3056 350 167 180 6260 450 253 -18.0 4858 27
3 7190 400 720 -180 180 3600 11146 287 -180 3600 00 ¥ 5626 280 167 -18.0 9890 48.0 253 -18.0 8025 116
6 5100 720 180 180 660 3230 "10000” 218 -180 3270 12 V3437 w0 205 7210 360 192 5559 20
7 587.0 720 -180 18.0. 440 1600 il 5944' 337 18.0. 1620 13 ‘3840; 720 -180 696.0 720 -18.0 559.5 4.7
10 4730 720 180 180 2860 8855 218 -180 2890 10 V2710 500 -180 6260 300 -180 4707 05

Page 31 of 31



