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Executive Summary
European Product Policy has to date focused on the environmental performance of products
via the Ecodesign and Ecolabelling Directives. The Ecodesign Directive sets minimum
standards of performance for products, which results in poorly performing products being
removed from the market whilst also driving innovation in the design and manufacture of new
products to improve their performance. The Ecolabelling Directive provides consumers with
clear information on product performance to inform their buying decisions. Originally cast for
energy using products, the directives have been extended to energy related products and the
assessment methodologies have been developed to include other aspects including
materials and water consumption. Standards are a proven way of driving the market in a
desired direction, and in relation to environmental performance, minimum performance
standards for energy consumption have been established for a steadily increasing number of
product types.
An area that has not yet received full attention is the role that extended durability can play in
reducing the life time environmental impacts of products. In circular economy terms,
maintaining the first life use of a product is, in principle, the best approach to closing
resource loops since any form of refurbishment, remanufacture, reprocessing or recycling
necessarily requires an injection of additional resources and potentially a degrading of the
product functionality or material value. Indeed, extended first use lifetimes are only bettered
by removing the need for a product or service completely.
However, this concept is arguably too simplistic and there are many factors that need to be
considered before the benefits of extended product durability can be fully assessed,
including:








Practical limits on lifetimes from current manufacturing methods;
Cost implications of changes to product materials, components and manufacturing to
extend lifetime;
Innovation rates that could make extended lifetime products obsolete and inefficient;
Consumer buying habits and expectations of product performance for different types
of product;
In complex products, the role of key components that determine overall lifetimes;
Possible impacts of more durable products on their second life potential – e.g. any
risk of reduced refurbishment potential;
Availability and acceptance of appropriate standards, testing and compliance
methods for enhanced durability.

These factors mean that there will not be environmental benefits from extended durability for
all products.
The purpose of this study was to identify two priority products and to develop a methodology
for measuring their durability. The study also sought to estimate the benefits and costs of
more durable products, and whether extended durability for these two products was
desirable. The expectation was that increased durability can reduce the overall burden on the
environment; that increased durability can be more eco-efficient than replacing products with
new more energy efficient or more feature-containing products.
The first task undertaken in the study was to identify the two most appropriate products to
take forward through the assessment. An initial long list of 94 products was identified from all
the products already considered within European Product Policy. Through considering both
the existing policy landscape for the product groups in question, such as the existence and
timeline of Ecodesign requirements and Regulation review, and by applying assessment
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criteria including whether there was the potential for durability criteria, whether the products
were “workhorse products”, the improvement potential, lifetime, etc., it was identified that the
two most relevant product groups for this work were refrigerating appliances and domestic
electric ovens.
Furthermore, consideration was given to the definition of durability that was appropriate in
this context, considering the literature available. It was identified that the terms ‘product
lifetime’ and ‘product durability’ are inextricability linked, and that the terms are often used
interchangeably. Furthermore, material efficiency, maintenance, reparability and
remanufacturing are themes that intertwine with that of durability and of achieving products
with extended, fully functional lifetimes.
Ultimately, the definition of durability that was identified and carried forward within this work
was:
Durability is the ability of a product to perform its function at the anticipated performance
level over a given period (number of cycles – uses – hours in use), under the expected
conditions of use and under foreseeable actions.
Performing the recommended regular servicing, maintenance, and replacement activities
as specified by the manufacturer will help to ensure that a product achieves its intended
lifetime.
Note in particular that the definition does not encompass repair. The repair of a product
offers a number of obvious benefits, both financially to the consumer, and in terms of
material efficiency, transport efficiency, etc. However, the impact of any replacement product
potentially being more energy efficient must be considered (as both the products selected to
be taken forward here are energy using products). Additionally, there is the challenge of how
design for repair can be measured and assessed as a standalone aspect of product design.
Repair activities are in response to unplanned events, and as such are particularly difficult to
anticipate and to account for in lifecycle calculations. A significant proportion of repair events
may be the result of unexpected consumer behaviour or the environment in which a product
has been placed. There is also considerable impact from consumer behaviour as to whether
a repair is actioned, or a replacement item is purchased, which makes the consideration and
quantification of repair implications particularly challenging.
The second task aimed to capture all applicable standards and test methods that address
some aspect of durability for refrigerators and domestic electric ovens. Current and existing
test methods available for durability were sought and it was ultimately concluded there were
practically none in existence at the product level for either of the product groups focused on
here, or indeed for any similar product groups. It can be stated that specific details and
definitions of durability are rare. The only standard identified was the North American range
(cooker) standard that does include some endurance testing of components. There is also
the Austrian standard, ‘Label of Excellence for durable, easy to repair electrical and
electronic appliances’, but the focus is on reparability, rather than inherent durability.
Therefore the focus of the work moved to component level requirements, identifying the
formal test standards and specifications available internationally that addressed some
element of durability as well as identifying company level testing procedures where such
information was made available to the project team.
An investigation of the components that were most likely to fail was conducted to bring a
focus to the key areas of weakness within each of the product groups. The areas identified
as most likely to fail (in order of most likely) for refrigerators and for ovens are set out in the
table below.
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Table 1 Components most likely to fail in the two appliances studies, and
consequently affect the product level durability and appliance lifetime.
Domestic Refrigerator

Domestic Oven

Thermostat

Hinge runners (failure causes
hinge damage)

Refrigerant tubing and joints

Controls (for setting mode or
temperature)

Compressor

Thermostat or thermal fuse
(affecting temperature control)

Defrost heaters (and controls)

Oven elements (standard and
fan)

Door seal

Fan motor

Thermistor

Lamp

Door hinges
Fan motor

Throughout the project, it was identified that there were some characteristics of appliances
that cause common problems for consumers that could be addressed through generic
requirements in design and construction. Additionally, design or component failures that do
not directly affect the primary function of an appliance may lead to general consumer
dissatisfaction or inconvenience and result in an appliance being discarded earlier than
functionally necessary. Hence generic requirements (as within the current Ecodesign
Regulations) may hold value. The areas identified where this could be of benefit were:







Drainage channels – refrigerating appliances
Door seals – refrigerating appliances and ovens
Lamps – all appliances
Thermostat and electronic controls – all appliances
User guides – all appliances
Repairability – all appliances

Task 2 also explored the lifetimes of the two product groups under consideration as this
directly links to a product’s durability – ‘the longer a working lifetime, the more durable the
product’ can be taken as an inferred relationship. There is considerable variation between
the different values available for the two product groups for the product lifetimes. The
technical information identified within Task 2 for the product lifetimes for domestic
refrigerators and domestic ovens is given in Table 2.
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Table 2 Lifetime information on domestic refrigerators and domestic ovens
Consumer expectations (UK)1

Consumer expectations

(UK)2

Domestic Refrigerator

Domestic Oven

7-10 years expected lifetime

5-7 years expected lifetime

(range 4-20 years)

(range 2-20 years)

8 years average age

Product replacement (UK)2

50% of purchases in 2012
study were replacing a product
less than 8 years old.

Miele3

Tested to last 15 years

BSH4

15 years lifetime

ASHRAE Handbook5

15-20 years lifetime

Ecodesign6

Lowest: UK 5.1 years average
age
Highest Sweden/Finland: 6.8
years average age

CECED technical database
(2005)

19 years lifetime

19 years lifetime

15 years lifetime

Product lifetimes are particularly relevant both to understand the expectations of consumers,
the lifetimes they may be wishing for from certain products, and be prepared to pay for, but
also to enable development of minimum requirements within any standards that are to be
developed. A number of the standards identified within Task 2 have an established
methodology for the testing of certain components and characteristics, but do not necessarily
contain a minimum threshold that must be complied with as part of the standard. It is at this
point that the information on product lifetimes can be useful in the context of establishing
minimum durability requirements.
There are two lifetime values that become significant within this work. The first is the average
lifetime of products on the market, to understand the range available and the standard
performance available to consumers. It is this value that was used as the start point for the
environmental assessment carried out in Task 4.
The second value is the one that may have greater relevance to the Ecodesign process, the
minimum lifetime that a product ‘should’ have. The Ecodesign process has always been
targeted at raising the minimum standards of products available on the EU market, and its
approach to durability could focus on minimum lifetimes in a similar way. Although the
average lifetime of these two products is relatively long, early product breakdown after only a
few years of use is often discussed and highlighted, as there is evidence of this being a
constant, although relatively small, concern. It is on this matter that the Ecodesign process
has the potential to have the most significant impact. Hence although the average lifetime for
a domestic refrigerator is 15 years, perhaps the more interesting point is that the consumer
expectation in the EU can be as low as 7 years; for domestic ovens the average lifetime may
be 19 years, but consumer expectations are even lower at potentially 5 years. It is these very

1

SMPT09_065 Public Understanding of Product Lifetimes and Durability, A Report for Defra
WRAP Switched on to Value 2013 page 6
3
Miele UK website "Miele Qualtity" www.miele.co.uk/fridge-freezers/
4
Feedback from BSH (Bruno Vermoesen) following the project Durability Workshop in November 2014
5
ASHRAE Technical Committee 8.9. Handbook Chapter 49 page 3
6
ISIS Preparatory Studies for Eco-design Requirements for EuPs Lot 13: Domestic Refrigerator & Freezers, Final report Tasks 3-5 December
2007 (http://www.eup-network.de/product-groups/preparatory-studies/completed/); BIO Intelligence Services Preparatory Studies for Eco-design
Requirements for EuPs (III) Lot 22 Domestic and commercial ovens, Task 3: Consumer behaviour and Local infrastructure, August 2011
(http://www.eup-network.de/product-groups/preparatory-studies/completed/)
2
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lowest values that have been adopted as the start point for the discussion of minimum
requirements within the standards that did not have already established minimum
requirements, or minimum standards relevant to the discussion in this work.
There was a strong feeling from industry, identified through the workshop and consultation
carried out (recorded in Appendix 8), that the direct conversion of standards that were
created to ensure electrical and safety compliance into durability requirements was
inappropriate. If such an approach were to be carried into the future, then particular attention
would need to be paid to the test conditions and minimum requirements, to ensure that these
were appropriate for durability testing, and were not designed with an alternative requirement
in mind that was identified as inappropriate in the case of durability testing.
The authors of this study do indeed acknowledge that, whilst drawing on existing safety and
performance standards to provide a basis for the development of durability tests, these
standards were produced for other specific requirements and therefore will need reviewing
as to their appropriateness for durability assessments. In some cases, however, they provide
a basis to consider or build upon.
Safety standards may include durability aspects, as is the demonstrated case with the
Ecodesign durability requirements established for vacuum cleaners. Safety can be achieved
with prevention of failures, especially in the case of electric and electronic components. A
more durable appliance may reduce the probability of accidents by reducing the probability of
failures, hence safety and durability standards share some common targets and the testing
of both can have common or similar procedures. It was also highlighted from industry
participants during the workshop that it can be extremely difficult to identify the changes
within a component provided by a supplier that potentially delivers enhanced durability. Its
constituent parts and its construction methods are not necessarily interrogated by the
manufacturer of the full appliance, and so this may be data that even the manufacturers do
not have.

The implications of requiring more durable products, for both refrigerators and ovens, and
considering the life cycle environmental implications as well as the life cycle cost
implications, have been investigated within Task 4. It has been identified that there is a lack
of relevant up to date data on the component level changes that would produce a more
durable product. The analysis conducted was carried out with the best available data
identified through this project, both the Ecodesign input data (model 1) and manufacturer
supplied data (model 2).
It has been identified that extending the product life of an average refrigerator, from 10 years
to 15 years, can lead to limited environmental life cycle benefits, mostly for those impact
categories whose contribution depends mainly on the production phase. For the impact
categories that result to a greater degree from the energy consumption during the use phase,
extending the durability of the product does not lead to significant environmental benefits,
and in fact a small improvement (less than 10%) in the energy efficiency of the replacing
product can lead to a significant reduction of the life cycle environmental impacts of the
standard scenario compared to the durable scenario.
For impact categories equally influenced by the three life cycle stages, the benefit of the life
extension depends mainly on the energy efficiency of the replacing product. Sensitivity
analysis revealed that a relatively small improvement (i.e. an average value of 15%) in the
energy efficiency of the replacing product can wipe out the benefits of the extended lifetime.
Consideration of the cost implications identifies that the more durable product generally
delivers a lower life cycle cost for the consumer compared to the standard option, largely due
to avoiding the purchase of the replacement appliance. Only when the purchase price is low
Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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and electricity is not cheap does the standard option become cheaper, and, even then, the
margins are small (and never more than 6%). Consideration of the implications of the cost of
maintenance show that this only drives the cost of the durable product above that of the
standard product when initial purchase price is low and maintenance either standard or at a
higher level.
Turning to electric ovens, extending the lifetime from 10 years to a more durable 15 years
can lead to environmental life cycle benefits in those impact categories whose contribution
depends mainly on the production phase. In the other impact categories, the benefit of the
life extension is largely dependent on the energy efficiency of the replacing product. An
improvement (in the range from 5% to 25%) in the energy efficiency of the replacing product
can wipe out the benefits of the extension of the lifetime.
When cost implications are considered, the more durable product delivers a lower life cycle
cost for the consumer in all scenarios, largely due to avoiding the purchase of the
replacement appliance. Consideration of the implications of the cost of maintenance show
that in the scenarios explored here the durable product is still the lower cost option in all
cases, even with low purchase prices and high maintenance costs.
Ultimately the work within Task 3 consolidated that from Task 2, building a scope for the
products covered and a summary of the critical components at the product group level. The
Task also generated a summary of the test standards that relate to the components and their
suitability as the basis for a durability test and ultimately proposed elements for inclusion in a
durability test standard.
The durability standards proposed below for refrigerators and domestic electric ovens are the
output of Task 3, largely based upon existing test methodologies but where necessary
additional test conditions have been proposed to represent actual use conditions. Where
appropriate, expected levels of durability-related performance have been provided as a
provisional benchmark. It has not always been possible to specify such minimum standards.
The number of cycles is based upon the expected minimum lifetime of 7 years for a
refrigerator and 5 years for an oven. Where no suitable test for adaptation or partial adoption
has been found, a basic description of an appropriate test has been given.
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Refrigerator – Proposed Standard
1. Thermostat
1.1 Thermostat endurance test
1.1.1

Test conditions as in IEC 60335-1:2010+A1:2013
Clause 24.1.4 Controls

IEC 60335-1:2010 +
A1:2013

Additional test conditions; ambient temperature same as
expected range during operation with high humidity (to be
specified)
1.1.2

Minimum requirement
75 000 cycles (minimum 7 year lifetime estimate)

Based on 30 times on
per day and 7 year
lifetime

1.2 Design Specifications
Use of negative temperature coefficient (NTC) thermistors and soldered
connectors, as long as this does not prohibit replacement of the circuit
boards (PCB) or other key components

WRAP Guidance and
specifications

2. Compressor
2.1 Compressor fastening endurance
2.1.1

2.1.2

Test according to DIN 8974

DIN 8974

Compressor cycling on and off

based upon CECED
information - to be
reviewed

Minimum requirement
500 000 switching cycles

2.2 Compressor wear test
2.2.1

Test according to DIN 8978

DIN 8978

Efficiency and sound power level recorded before and after test
for comparison
Additional severe test conditions e.g. with vapour temperatures
of -40°C are suggested in the standard
2.2.2

Minimum requirement
1 000 hours uninterrupted running (as given for 'long term' test
in DIN standard)
Acceptable levels of efficiency and sound power level compared
to before test need to be agreed
Duration of test to be reviewed through consultation with
stakeholders to ensure it is representative for a usage test

2.3 Compressor high temperature testing
2.3.1

Test according to DIN 8979

2.3.2

Minimum requirement
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2 000 hours uninterrupted running
Duration of test to be reviewed through consultation with
stakeholders to ensure it is representative for a usage test and
determine an expected level of performance
2.4 Accelerated life test
2.4.1

Test conditions and requirements to be agreed

2.4.2

Minimum requirements
To be decided according to nature of accelerated test

3. Defrost heater
3.1 Defrost heater element endurance
3.1.1

Test based upon UL 250

UL 250

Clause 8.20.1
Heater element and controls connected.
Additional test conditions; ambient temperature of -18°C with
high humidity (to be specified)

3.1.2

Minimum requirements
2 500 cycles

Based on calculation of
number of defrost cycles
in 7 year lifetime

3.2 Defrost heater control endurance
3.1.1

Test based upon UL 250

UL 250

Clause 8.20.1
Heater element and controls connected.
Additional test conditions; ambient temperature of -18°C with
high humidity (to be specified)
3.1.2

Minimum requirements
2 500 cycles

Based on calculation of
number of defrost cycles
in 7 year lifetime

4. Door seal
4.1 Door seal endurance - door opening test
4.1.1

Test based upon WRAP specification

WRAP

30 kg loaded evenly across door shelves
50 000 door opening cycles
Door seal subjected to operating conditions (cooling associated
with a fridge or freezer)
Door seal test - the EN62552 air-tightness (clause 9) is not
adequate as it is not
discerning enough; an alternative
evaluation is necessary
4.1.2

Minimum requirements
Requirements will depend upon the agreement of an acceptable
performance assessment after the test
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5. Thermistor
5.1 Thermistor endurance test
5.1.1

Test conditions as in IEC 60335-1:2010+A1:2013

IEC 603351:2010+A1:2013

Clause 24.1.4 Controls
Additional test conditions; ambient temperature same as range
during operation with
high humidity (to be specified)
5.1.2

Minimum requirement
75 000 cycles

(minimum 7 year lifetime estimate)

Based on 30 times on
per day and 7 year
lifetime

5.2 Design Specifications
Use of negative temperature coefficient (NTC) thermistors and
soldered connectors, as long as this does not prohibit
replacement of the circuit boards (PCB) or other key
components

WRAP Guidance
specifications

6. Door hinges
6.1

Door hinge durability

6.1.1

Test based upon WRAP specification and UL250 clause 8.29.2

WRAP

30 kg loaded evenly across door shelves

UL250

50 000 door opening cycles
34 kg load is then applied vertically downward at the outer edge
of the door. This is done with the door open to 15° for one hour
and 90° for one hour.
6.1.2

Minimum requirement

WRAP

No damage, failure or significant deflection or sag (>2 mm in
any direction) to door, hinges or shelves.

BS 6222-2: 1997

7. Fan motors
7.1 Impedance protected motor test
7.1.1

Test based upon UL250

UL250

Clause 9.13
Additional test conditions; ambient temperature same as range
during operation with high humidity (to be specified)
7.1.2

Minimum requirement
Operation within expected temperature range (given in IEC
60335-1:2010+A1:2013/EN60335-1:2012 Household and similar
electrical appliances — Safety Part 2 - 24 Annex AA)

IEC 603351:2010+A1:2013

15 days continuous operation (as in IEC 60335 Part 2-24 Annex
AA)
72 hours after the test the motor shall withstand an electrical
strength test.
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7.2 Motor endurance test
7.2.1

Test conditions and requirements to be agreed
Stress test with locked motor to distinguish motors that are able
to run under
operating conditions with blades prevented from
turning without burning out, or alternatively stalling to protect
the motor operation

7.2.2

Minimum requirements
To be decided according to nature of accelerated/stress test
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Oven – Proposed Standard
1. Hinge runners
1.1 Hinge runner endurance test
1.1.1

Door opened fully and closed with a force of 90N to the handle
(IEC/EN 60335-2-6:2003+A13:2013 Household and Similar
Electrical Appliances - Safety Part 2-6 22.108 Door test pyrolytic self-cleaning ovens)
Opening cycle: 15 times per minute (AHAM ER-1-2012 Clause

IEC 60335-26:2003+A13:2013

AHAM ER-1-2012

9.3.1 Sturdiness of oven Doors)
2 000 cycles

1.1.2

Based on working
assumptions for a 5 year
life - to be discussed

Minimum requirements
Observation of door fit and mechanism should allow normal

WRAP

door operation; no damaged or failure or significant deflection or
sag (> 2 mm in any direction) to the doors or hinges (WRAP)

BS 6222-2: 1997

1.2 Hinge integrity test
1.2.1

Test according to UL 858 Household electric ranges Clause 34

UL 858

oven door integrity
1.2.2

Minimum requirements
As specified in UL 858; no damage or deflection

2. Controls
2.1 Structural integrity of (external) cooker controls
2.1.1

Test based upon BS6222 and EN 60335 Part 2-4

BS 6222-2:1997

A rubber hemisphere having a diameter of 70mm and a
hardness of between 40 IRHD and 50 IRHD is fixed to a cylinder
having a mass of 10 kg and dropped from a height of 10 cm.

and
EN 60335 Part 2-4

Load applied 10 times (6 per minute)
2.1.2

Minimum requirements
There should be no permanent distortion or damage that impairs
the proper functioning
A more specific formal measurement of acceptable pass criteria
may be necessary and a review of the mass of the dropped
cylinder

3. Thermostat
3.1 Thermostat endurance test
3.1.1

Test based upon EN 60335-1:2012 Part 1 and EN 60335-2-

EN 60335-1:2012

6:2003+A13:2013 Part 2-6

EN 60335-2-
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Clause 24.1.4

Additional test conditions; ambient temperature cycles to
represent usage based AHAM ER-1-2012 Household Electric
Ranges clause 8.7.3 Oven Heating Unit Endurance

6:2003+A13:2013

AHAM ER-1-2012

3.1.2 Minimum requirements
Number of cycles to be considered further, 10 000 for normal
safety test may not be realistic with the added stressed of heat
cycling proposed here. Requires information on expected
frequency of switching during heating cycles proposed.

4. Oven heating elements
4.1

Oven heating element endurance test

4.1.1 Test based upon AHAM ER-1-2012 Household Electric Ranges

AHAM ER-1-2012

Clause 8.7.3 Oven Heating Unit Endurance
Heating and cooling cycle (60 mins heating, 20 mins cooling)
105% rated voltage
Test cycle repeated until 550 hours of "on" time are recorded.

Working assumptions

Watts input of the unit(s) at the test voltage is measured and
recorded
4.1.2 Minimum requirements
Number of cycles above to be completed without failure

Working assumptions

The watts input at the test voltage shall not change more than ±
5% during the test period

5. Fan motor
5.1 Motor endurance test
5.1.1 Test conditions and requirements to be agreed
Stress test with locked motor to distinguish motors that are able to
run under operating conditions with blades prevented from turning
without burning out, or alternatively stalling to protect the motor
operation
Expected heated ambient temperature to be considered in the
test.
Test conditions as used for oven heating elements above could be
incorporated to simulate usage conditions
5.1.2 Minimum requirements
To be decided according to nature of accelerated/stress test

5.2

Operational motor life

5.2.1

Test based upon Commission Regulation No 666/2013
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Ecodesign requirements for vacuum cleaners.
The fan shall run intermittently with periods of 14 minutes 30
seconds on and 30 seconds off. Test carried out in heated
cabinet to represent usage.
5.2.2

Minimum requirements
550 hours (to represent 110 hours per year for 5 years)

Working assumption

6. Lamps
6.1 Lamp life
6.1.1

Test based upon EN 50285:1999 Energy efficiency of electric

EN 50285:1999 Box 34

lamps for household use - Measurement methods
Clause 6.3 Lamp life (which refers to EN60064 Annex A test
procedure)
Additional test conditions to include heating and vibration
representative of an oven

6.1.2

Minimum requirements
Test duration to be equivalent to number of hours expected
from 5 years usage

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Introduction
The project
Ricardo-AEA, in collaboration with Sustainability Management at Scuola Superiore
Sant’Anna di Pisa (SuM) and Intertek, has been commissioned by the European Commission
– DG Environment to conduct a study on the durability of products.
The purpose of the study is to identify two priority products and develop a methodology for
measuring their durability. The study also aims to estimate the benefits and costs of more
durable products. The outputs from this work can then be used in relevant product policies.
The expectation is that increased durability reduces the overall burden on the environment;
increased durability is more eco-efficient than replacing products with new more energy
efficient or more feature containing products.
A number of policy measures are currently used to encourage better environmental
performance of products in Europe, including:


The Ecodesign Directive, which sets minimum standards for product performance.



The European Ecolabel (EU Ecolabel), which identifies products with the least
environmental impact so that consumers can make informed purchasing decisions.



The Energy Labelling Directive, which requires that appliances are labelled so
consumers are able to compare their energy efficiency and other environmental
parameters.



Green Public Procurement, a voluntary process enabling public authorities to seek to
procure goods and services with a reduced environmental impact.

Moreover, standards on health and safety and energy consumption have been established
for a variety of products. All standards are accompanied by appropriate testing methods to
ensure consistency in performance testing.
Durability as a stand-alone concept has not yet been specifically addressed within EU
Product Policy, but the importance of durability is becoming increasingly recognised, as
Europe strives to move towards a circular economy where products are designed and
manufactured in a way that helps conserve resources and minimise waste. To date,
durability impacts have been included in EU Product Policy only for a very limited number of
products, namely light bulbs and vacuum cleaners, through the relevant Ecodesign
implementing measures.7
Extended durability can help prolong the lifetime of a product, thus reducing the need for
repair, remanufacturing, recycling at end of life and ultimately a replacement product.
However, a number of factors such as cost implications, consumption patterns, improving
energy efficiency, impact on refurbishment potential and limits from existing manufacturing
methods mean that extended product durability may only be beneficial for certain products.

7

COMMISSION REGULATION (EU) No 666/2013 of 8 July 2013 implementing Directive 2009/125/EC of the European
Parliament and of the Council with regard to ecodesign requirements for vacuum cleaners; COMMISSION REGULATION (EC)
No 244/2009 of 18 March 2009 implementing Directive 2005/32/EC of the European Parliament and of the Council with regard
to ecodesign requirements for non-directional household lamps and COMMISSION REGULATION (EU) No 1194/2012 of 12
December 2012 implementing Directive 2009/125/EC of the European Parliament and of the Council with regard to ecodesign
requirements for directional lamps, light emitting diode lamps and related equipment.
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In Task 1: Selection of Product Groups we identified the two most appropriate products to
take forward for this assessment from the long list of products already considered within
European Product Policy: refrigerators and ovens. Task 2: Review of Existing Methodologies
detailed the approach taken to review whether there are any current test methods for
durability, and identified the methods that exist that could be used to measure durability at
the component level for ovens and refrigerators, with Task 3: Developing a methodology for
measuring durability forming the proposed standards. Task 4: Cost Benefit of using more
durable products has sought to understand the economic and environmental implications of
such durability improvements to the two product groups being considered.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Task 1 – Selection of Products
1.1 Durability
European Product Policy has to date focused on the environmental performance of products
via the Ecodesign and Ecolabelling Directives. The Ecodesign Directive sets minimum
standards of performance for products, which results in poorly performing products being
removed from the market whilst also driving innovation in the design and manufacture of new
products to improve their performance. The Energy Labelling Directive provides consumers
with information on product performance to inform their buying decisions. Originally cast for
energy using products, the directives have been extended to energy related products and the
assessment methodologies have been developed to include other aspects including
materials and water consumption.
Standards are a proven way of driving the market in a desired direction, for example
reducing health and safety risks. In relation to environmental performance, minimum
performance standards for energy consumption have been established for a steadily
increasing number of product types. Implementation of the standards includes the
development and application of compliance testing methodologies, which ensures that the
performance of the products in relation to the specified criteria is tested in a consistent way.
An area that has not yet received much attention is the role that extended durability can play
in reducing the life time environmental impacts of products. In circular economy terms,
maintaining the first life use of a product is, in principle, the best approach to closing
resource loops since any form of refurbishment, remanufacture, reprocessing or recycling
necessarily requires an injection of additional resources and potentially a degrading of the
product functionality or material value. Indeed, extended first use lifetimes are only bettered
by removing the need for a product or service completely.
However, this concept is arguably too simplistic and there are many factors that need to be
considered before the benefits of extended product durability can be fully assessed,
including:








Practical limits on lifetimes from current manufacturing methods;
Cost implications of changes to product materials, components and manufacturing to
extend lifetime;
Innovation rates that could make extended lifetime products obsolete and inefficient;
Consumer buying habits and expectations of product performance for different types
of product;
In complex products, the role of key components that determine overall lifetimes;
Possible impacts of more durable products on their second life potential – e.g. any
risk of reduced refurbishment potential;
Availability and acceptance of appropriate standards, testing and compliance
methods for enhanced durability.

These factors mean that there will not be environmental benefits from extended durability for
all products. It is therefore important to understand those products where extended lifetime
achieved through improved durability will be most beneficial.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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1.2 Selecting priority product groups
The initial task of the project is to select for which two priority product groups the durability
methodologies will be developed. The first step in this process is to develop a selection
process for the products.
It was established with the Commission that the selected priority products must be covered
by existing EU product policy, as these products are likely to benefit more from any durability
requirements developed within this study. However, beyond that, the review undertaken has
cast the net widely, in order to capture a broad range of product groups, considering not just
those products that have Ecodesign measures applied to them.

1.2.1 Products suitable for consideration
A literature review was conducted to identify the different products and product groups that
should be considered. The following documents were consulted within this review:


Ecodesign Directive (2009/125/EC), including future working plans. All existing
Ecodesign Regulations have been identified, with initial implementation dates and
recasts.



Energy Labelling Directive (2010/20/EU) and all products covered.



EU Ecolabel Regulation (EC 66/2010) and products covered including new products
being considered.



Green Public Procurement guidelines (GPP) and products covered including new
products being considered.



Future Working Plans for all of the above policy areas.

From these documents, a long list of products was generated; containing 94 different product
groups (see Annex 1). Subsequently, it was identified which product groups were covered by
more than one policy and when the revision of any existing criteria was planned (or likely to
happen, based on the implementation dates or last review). This information was recorded in
the product list, as it has implications for the ultimate selection of the products considered.
The long list generated is presented in Annex 1, with the products in alphabetical order.

1.2.2 Product Selection
Initial consideration and discussion of the long list of products was undertaken with the
project desk officers at the Commission during the kick off meeting, addressing whether a
product group was likely to be suitable to take forward. For example, was the product part of
a complex system, or a consumable that would make it unsuitable for this work? It was
agreed that the focus would be consumer products that are subject to regular and sustained
usage until they break down and are therefore more likely to benefit from the development of
methodologies to measure durability.
Ultimately, this discussion produced the shorter list of 15 products shown below in Table 3.
This shorter list has had consumable products such as detergents and shampoo excluded,
as well as complex systems such as buildings. The discussion also took into account the
further practical topics of how relevant durability would likely be to the product group, and
whether the product group is complex enough for the development of a methodology.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Table 3 Shorter list of products; products that are suitable to consider for durability requirements
No application of the product ranking criteria yet.



Boilers and combi-boilers (Lot 1)

EU Ecolabel

GPP

Energy label

Future working
plan

Revision

Prep study
ongoing

Prep study
finished no IM

Product Group

Regulation in
place

Eco design



Ecodesign requirements adopted in 2013.



Compressors (Lot 31)

Details

Preparatory Study is ongoing.

Domestic laundry driers (Lot 16)







Ecodesign Regulation introduced in 2012. Potentially
interesting product as has moving parts, electronics,
supply of heat, although timing of the revision may make
the product group less relevant. EU Ecolabel lapsed.

Domestic refrigerators and freezers (Lot 13)







Ecodesign Regulation in place since 2010 (Ecolabel
lapsed).

Electric motors (Lot 11)



Furniture

Imaging equipment (copiers, faxes, printers,
scanners, MFD) (Lot 4)

va

Ecodesign Regulation in place since 2009; includes
motors within other products. Latest amendment was in
2014.





Resource efficiency requirements ask for durable furniture
and EU Ecolabel and GPP criteria currently under
development.
Potentially could focus on office equipment only. Product
is very simple, and product group is very heterogeneous.





Voluntary agreement (va), GPP and EU Ecolabel criteria
adopted in 2013.



Consumable – although durability requirements are a key
consideration. Indoor paints and varnishes would have a
more consistent life period than outdoor equivalents. EU
Ecolabel criteria exist, GPP criteria are under
development, although it is now relatively late to influence
them.

Indoor paints and varnishes

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

21

The Durability of Products: Full Report

Kitchen appliances - oven and hobs (Lot 22 and
23)



Non-tertiary coffee machines (Lot 25)



Personal computer and servers (Lot 3)
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EU Ecolabel

GPP

Energy label

Future working
plan

Revision

Prep study
ongoing

Details
Ecodesign Regulation 2013.
Requirements introduced in 2013, as part of the network
standby Regulation. Market innovation is occurring in the
capsule based appliances.





New Ecodesign Regulation 2013. EU Ecolabel and GPP
criteria under development.
Preparatory study is ongoing.









Revision of Energy Label possibly to occur in 2014. EU
Ecolabel criteria being revised. High rate of innovation
currently and to some degree a fashion item.
Requirement that a tyre specific energy label be displayed
on all tyres from 2012, Regulation (EC) No 1222/2009.



Tyres

Ventilation fans (Lot 11)





Pumps for waste water (Lot 28)
Televisions (Lot 5)

Prep study
finished no IM

Product Group

Regulation in
place

Eco design

This includes fans within other products. However, it
excludes fans used in vacuum cleaners as their optimal
efficiency point is above 8 000 rotations per minute.
Previously only info requirements were included for those,
now excluded through Vacuum Cleaner Regulation).
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1.2.2.1 Development of Product Selection and Ranking Criteria
To carry out a systematic assessment of which two products would likely benefit most from
durability improvements, a set of criteria was developed to be applied to each product group
in Table 3. The criteria were developed to respond to the priorities of the project, including
being able to apply the process to product groups in a timely fashion, most likely through the
Ecodesign development and revision timeline. Another criterion was that the products
selected should be appropriate to act as pilots for durability methodology; that they were
products whereby a methodology developed for them could be applied to a wider set of
products in the future.
Through discussion with the Commission, the approach was refined to develop two distinct
sets of criteria:


Product Selection Criteria
These are a set of pass/fail criteria; a product group must pass these criteria to be
considered further as a candidate within this project.



Product Ranking Criteria
Once products have been evaluated as passing the selection criteria, the set of
ranking criteria will then be applied, to establish the short list of the five potentially
most relevant products for which a durability methodology might be developed.

The product selection criteria are given below in Table 4, each of which must be fulfilled for
the product to be appropriate to be considered for durability methodology development.
Table 5 details the product ranking criteria that have been subsequently applied to each of
the product groups that passed the selection criteria. These criteria were applied to the
products using equal weighting for the four different criteria.
The application of the product selection criteria and the product ranking criteria produces the
ranked set of products shown in Table 6 below.
Table 4: Product Selection Criteria
Criteria
1

2

3

Reasoning

Potential for
durability
criteria

Are there obvious areas or components that could be improved to extend
durability?

“Workhorse”
products

The selected products have an expected longevity and are usually only replaced
when they break down or they are no longer fit for use.
Product replacement is driven by product failure, not by technology development
with a high rate of innovation (e.g. mobile phones) or by changing fashions (e.g.
textiles).
Consumer perception is important; are there products that consumers expect to
be highly durable, and will this influence their buying decisions?

Suitable as a
pilot to
develop
durability
requirements

The product must be complex enough to enable a relevant and replicable test
methodology to be developed and simple enough to be appropriate. For example,
bed mattresses are not a suitable product because they are very simple with no
moving parts or electrical components, while construction is part of a system of
many components and is influenced by a range of factors, hence also not suitable
as an pilot product.
The product should not already have durability requirements developed to date
within European product policy measures.
The product should not be under consideration in this respect within another
study that is currently underway.
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Table 5: Product Ranking Criteria
Criteria
1

Timeliness
Very important for
product selection

2

Product type
(including
availability of
data)
Important

3

Product lifetime

Criteria Description

Discussion with examples

Product implementing measures
or criteria is due to be reviewed in
the very near future.
New Regulations or criteria are
being developed.
Preparatory study completed but
no regulation/ criteria yet.

The durability criteria supported by the methodology
developed during this project are intended to be quickly
implemented into the Ecodesign process, and potentially the
EU Ecolabel, GPP and other relevant processes as well.
Therefore products that are due for review, under review, or
under development currently are highly relevant for the work,
while those with a longer development period are less
relevant.
Domestic products will often be workhorse products, as will
business to business products such as printers.
Niche market products and those product groups that are
highly heterogeneous should be avoided to ensure the
availability of relevant environmental and economic data to
complete task 4.

Many domestic products will be
highly relevant, including white
goods, but some business
products will also be relevant to
consider.
Data availability is a key
parameter to enable Task 4 to be
undertaken.
Expected lifetime versus actual
lifetime.
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The product lifetime should be long enough that durability is
an issue.
Maintenance aspects (planned repair or replacement of
components, prevention of damage) and identification of the
weakest parts is of interest. (Repairs are too challenging to
consider, as the area is too heterogeneous.)
Identifying data to provide an answer may be challenging for
this measurement.
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Ranking (5: Excellent; 1: Poor)
5: Product due to be reviewed imminently.
1: Product not due to be reviewed or further
developed for a considerable time.

5: Product is highly relevant, large sales, regular
use, used throughout Europe and beyond. The
product is not a fashion item, or undergoing rapid
innovation.
Environmental and economic data availability is
excellent.
1: Product is a niche/specialist product, with low
sales. Corresponding data availability is low.
5: The expected product lifetime is equal or similar
to the product’s technical lifetime, and product
replacement usually occurs at the end of life.
There are examples of the product that break down
considerably earlier than the expected average life
expectancy.
The product could potentially have planned
maintenance as an aspect of its design.
1: Product lifetime is short. Very few examples of the
product have an unusually short lifetime.
Products are regularly replaced before the end of
their full useful lifetime.

The Durability of Products: Full Report
Criteria
4

Improvement
potential
To be considered
during product
selection

Criteria Description

Discussion with examples

Ranking (5: Excellent; 1: Poor)

Extended lifetime of components
and the ability to potentially repair
the product.
Potential environmental impact
reduction due to resource
savings.
Energy consumption – in use
energy versus product lifetime
energy consumption should be
considered, potential negative
impacts should be identified.

There is a trade-off to be identified between the energy
efficiency of new products, and the long lifetimes of highly
durable products, that may delay energy efficiency savings.
There is also little point in developing durability requirements
for components of products, when another component is the
known weakest point, or even has obsolescence built into it.

5: There are components of the product that would
readily benefit from improvements to durability, and
this would benefit the product lifetime overall.
1: There are few components that would benefit
from durability requirements or maintenance.
Extending the lifetime of the product would have a
negative impact on the energy efficiency of the
products in use through extended replacement
rates, and significantly delay energy efficiency gains.

Table 6: Ranked list of products

Domestic
refrigerators and
freezers (Lot 13)

Ecodesign Regulation in place
since 2010 (Ecolabel lapsed).
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5
review
imminent
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5
large sales /
use /
coverage

5
5-10 years
expected

5
various
components
to be
improved,
hinges,
compressors
, electronics,
door seals

Score (/20)

Improvement
potential

Product
lifetime

Product Type

Timeliness

Ranking criteria

Suitable as
pilot

Detail

Workhorse
Product

Product Group

Potential for
durability

Product selection criteria
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Compressors (Lot
31)

Preparatory Study is ongoing

Ventilation fans
(Lot 11)

This includes fans within other
products. However it excludes
fans used in vacuum cleaners as
their optimal efficiency point is
above 8 000 rotations per
minute. Previously only info
requirements were included for
those, now excluded through
Vacuum Cleaner Regulation.

Kitchen appliances
- oven and hobs
(Lot 22 and 23)

Ecodesign Regulation 2013
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Score (/20)

Improvement
potential

Product
lifetime

Product Type

Timeliness

Ranking criteria

Suitable as
pilot

Detail

Workhorse
Product

Product Group

Potential for
durability

Product selection criteria


yes, but
potential
duplication
with the
compressors
to be
considered as
a component
within
refrigerators /
freezers

5
study ongoing

3
relatively
niche product

5

3

16





4
potential
review in
2015

3
a niche
product

5

3

15




focusing on
one of the
two
technologies
may be
beneficial

2
Regulation to
be reviewed
in 2018

3
can be
heterogeneous with
two different
technologies

5
5-10 years
expected

5
various
components
to be
improved

15
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Subgroup: Electric
and gas ovens

Ecodesign Regulation 2013

Subgroup:
Microwave ovens

Domestic laundry
driers (Lot 16)

Ecodesign Regulation
introduced in 2012. Potentially
interesting product as has
moving parts, electronics, supply
of heat, although the timing of
the review may make the
product group less relevant.
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X
Consumers
potentially do
not view this
as a
workhorse
product






best to focus
on heat pump
models as
non-heat
pump might
get phased
out in 2015
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2
Regulation to
be reviewed
in 2018

5
Single
technology
type, two
sources of
energy
commonly
used

5
Considered a
workhorse
product

5
various
components
to be
improved

Microwaves
are not
currently
covered
within
Regulations

Relatively
simple and
homogeneous
product group

Potentially
not
considered by
consumers to
be a
workhorse
product

various
components
to be
improved

3
Regulation
introduced in
2012

2
large sales /
use /
coverage but
need to focus
on heat pump
category
not relevant
for southern
Europe

5
5-10 years
expected

5

Score (/20)

Improvement
potential

Product
lifetime

Product Type

Timeliness

Ranking criteria

Suitable as
pilot

Detail

Workhorse
Product

Product Group

Potential for
durability

Product selection criteria

17

FAIL
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Pumps for waste
water (Lot 28)

Preparatory study is ongoing.

Boilers and combiboilers (Lot 1)

Ecodesign requirements
adopted in 2013.

Non-tertiary coffee
machines (Lot 25)

Requirements introduced in
2013, as part of the network
standby Regulation. Market
innovation is occurring in the
capsule based appliances.

Imaging equipment
(copiers, faxes,
printers, scanners,
MFD) (Lot 4)

Voluntary agreement (va), GPP
and EU Ecolabel criteria
finalised in 2013.
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5
study ongoing

1
heterogeneous
group with
different sizes
and wide
range of
products
data
extremely
challenging


but complex
performance
testing

1
Regulation
already in
place,
implementation to start
in 2018

4
large sales /
use /
coverage but
performance
testing is
complex





2
requirements
for standby
introduced
last year




but only if we
focus on one
type, eg.
MFD

2
Regulation to
be reviewed
in 2018

2
innovation in
capsule
based
appliances
3 heterogeneous
group but we
can focus on
a specific
type
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5

5
over 10
years
expected

3
less than 5
years
expected

4
about 5 years
expected

3
various
components
to be
improved,
heterogeneous
product
group
3
various
components
to be
improved,
products as
a whole are
very
complicated
5
various
components
to be
improved

3

Score (/20)

Improvement
potential

Product
lifetime

Product Type

Timeliness

Ranking criteria

Suitable as
pilot

Detail

Workhorse
Product

Product Group

Potential for
durability

Product selection criteria

14

13

12
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Personal computer
and servers (Lot 3)

New Ecodesign Regulation
2013. EU Ecolabel and GPP
criteria under
revision/development.






but significant
element of
fashion

3
Regulation in
place but
Ecolabel and
GPP under
review

3
large sales /
use /
coverage but
innovation
and fashion
are key

2
2-5 years
expected

3
various
components
to be
improved

Score (/20)

Improvement
potential

Product
lifetime

Product Type

Timeliness

Ranking criteria

Suitable as
pilot

Detail

Workhorse
Product

Product Group

Potential for
durability

Product selection criteria

11

X
Electric motors (Lot
11)

Furniture

Indoor paints and
varnishes

Ecodesign Regulation in place
since 2009; includes motors
within other products. Latest
amendment was in 2014.

Resource efficiency
requirements ask for durable
furniture and EU Ecolabel and
GPP criteria currently under
development.
Potentially could focus on office
equipment only. Product is very
simple, and product group is
very heterogeneous.
Consumable – although
durability requirements are a key
consideration. Indoor paints and
varnishes would have a more
consistent life period than
outdoor equivalents. EU
Ecolabel criteria exist, GPP
criteria are under development,
although it is now relatively late
to influence them.
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some issues
with certain
types of
furniture
durability

X
often a
fashion item



X
often a
fashion item,
especially
indoor paints

very heterogeneous
group,
therefore not
suitable as a
pilot product
X
simple but
heterogeneous
product
group,
therefore not
suitable as a
pilot product
X
not suitable to
be a pilot
product,
methodology
could not be
applied to a
wide range of
other
products
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Fail
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Tyres

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Score (/20)

Improvement
potential

Requirement that a tyre specific
energy label be displayed on all
tyres from 2012, Regulation (EC)
No 1222/2009.

X
many other
considerations
surround
durability
aspects for
tyres,
including the
required
composition
of the rubber
and very
significant
safety
requirements

Product
lifetime



Product Type

Televisions (Lot 5)

Revision of Ecodesign and
Energy label possibly to occur in
2014. EU Ecolabel criteria being
revised. High rate of innovation
currently and to some degree a
fashion item.

Timeliness

Detail

Ranking criteria

Suitable as
pilot

Product Group

Workhorse
Product

Potential for
durability

Product selection criteria



X
often a
fashion item
and has a
high rate of
innovation
currently

Fail



X
not suitable to
be a pilot
product,
methodology
could not be
applied to a
wide range of
other
products

Fail
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Following this analysis, the six top ranked products that the project team recommends be
considered to take forward for the development of a durability methodology are given below
in Table 7.
Table 7: The top ranking six products to consider for durability methodology
development
Product Group

Domestic refrigerators and freezers (Lot 13)

Score (/20)

20

Ovens
Within the product group of Kitchen
Appliances

17

Compressors (Lot 31)**

16

Domestic laundry driers (Lot 16)*

15

Ventilation fans (Lot 11)

15

Pumps for waste water (Lot 28)

14

*Condenser technology laundry driers to be considered, as vented technology laundry driers will likely be
removed from the market over the next few years.
**There is potential overlap between compressors in refrigerators/freezers and compressors as a stand-alone
product group. Although the compressor elements are different products as defined by their scope within the
Ecodesign and Energy Labelling Directives, the issues we expect to address may result in some duplication.

The recommendation of the project team is to take forward the two products highlighted in
bold: domestic refrigerators and freezers, and ovens. The selection of these two products
is in line with the product selection process and the product ranking process. Laundry driers
are not considered to be an appropriate product group to consider due to their use being
largely limited to northern Europe, rather than throughout Europe.
The selection of these products will enable durability methodology to be considered and
potentially developed for a wide range of elements within these products, making the
methodology applicable to other products with similar components. Such components
include:


Outer casing



Pumps



Filters



Heating elements



Mechanical elements such as hinges and catches



Electronics, including controls and displays



Compressors



Lights
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Furthermore when the data availability for performing “Task 4: Cost benefit analysis of more
durable products” is considered in depth, it is apparent the LCA, LCC and market data is
considerably better for the domestic products than for non-domestic products.

1.3 The Definition of Durability
Within this project, there is a need for the project team to develop an appropriate definition of
durability. The definition will be applied not only to the work undertaken within this project,
but potentially also to policy interventions in Europe aimed at improved durability of products.
In order to evaluate what is understood by durability, a review of the relevant literature has
been carried out. The literature review includes previous studies, research and articles
undertaken to understand how durability is considered in voluntary schemes and European
policy measures, and how it is considered in LCA approaches, which are the basis for many
of the relevant policy tools.
Consideration of the concept of durability rapidly identifies that there are different definitions
of durability for products used in different context throughout the literature.

1.3.1 Approaches to durability within European product policy
The Ecodesign Directive is highly relevant to this area as a start point. The Directive draws
attention to the lifetime of the product, as well as the potential for maintenance, repair and
spare parts, requiring:
“In particular, the following parameters must be used, as appropriate, and supplemented by
others, where necessary, for evaluating the potential for improving the environmental
aspects referred to in point 1.2:
(i) extension of lifetime as expressed through: minimum guaranteed lifetime, minimum time
for availability of spare parts, modularity, upgradeability, reparability”
Hence durability is a measure of the optimum life cycle of a product; the lifetime up to the
point where it is no longer economically viable to repair broken down parts. Whilst this
definition works conceptually, it is less useful as a basis for measurement, or for providing
comparisons across different products.
Within other product policy approaches at the EC, durability of products is also a part of the
voluntary EU Ecolabel, with requirements such as resistance to use and deterioration of
materials considered. Such requirements are indirectly linked to durability, and each is
specific to the product in question. For example, deterioration of materials applies to
footwear, but would be challenging to apply to a wider range of product groups.

1.3.2 Definitions of durability in the literature
An excellent starting point to begin the literature review is the JRC suite of reports from the
project ‘Integration of resource efficiency and waste management criteria in European
product policies – Second phase’8. This project collated many relevant definitions for and
around durability from across the literature, as presented in Table 8, and it is helpful to revisit
these, as it is a good source of material on the subject of durability. (Those reports that did
not provide a definition of, or comment on, durability have been omitted.)

8

Ardente, F. and F. Mathieux (2012). Analysis of durability (final). Integration of resource efficiency and waste management criteria in European
product policies - Second phase, Joint Research Centre - Institute for Environment and Sustainability (JRC-IES) of the European Commission: 160.
Ardente, F. and F. Mathieux (2012). Refined methods and guidance documents for the calculation of indices concerning
reusability/recyclability/recoverability, recycled content, use of priority resources, use of hazardous substances and durability (final). Integration of
resource efficiency and waste management criteria in European product policies - Second phase, Joint Research Centre - Institute for
Environment and Sustainability (JRC-IES) of the European Commission: 1-105.
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Table 8: Relevant definitions, remarks on and conclusions of durability from the JRC
report1 both the life span approach and the sustainable assessment approach
Report/Paper Title
Further steps towards a
quantitative approach to
durability design

EcoDesign for Ceramic
tiles and Sanitary Ware

Design for environment: a
method for formulating
product end-of life
strategies
Timber – Design for
Durability

Durability and the
Construction Products
Directive (now repealed)
together with the Guidance
Paper issued in 2004

Definitions relating to product durability
Definition: The durability design objective is to keep the
probability of failure within a specified time interval (or
service life) below a certain threshold value that depends on
the consequences of failure of the component or system.
Conclusion: Durability design and service life prediction are
based on keeping the lifetime probability of failure below a
certain target value.
Definition:
1) Robustness so that products can toughly work, even in
heavy users.
2) Timelessness so those products can hardly be antique
one.
Definition: Wear-out life: the length of time until the product
no longer meets the original function(s).
Product is obsolete when it is no longer able to perform its
intended function; e.g. because of failure of key components
or it is outmoded.
Definition: The capacity of a timber product, component,
system, building or structure to perform for a specified period
of time, the function for which it was intended – be it
aesthetic, structural or amenity.
Definition: Durability of a product is the ability of a product to
maintain its required performance over a given or long time,
under the influence of foreseeable actions.

Reference
Lounis et al., 1998

Takada et al., 1999

Rose, 2000

National
Association of
Forest Industries,
2003
EC, 2004

Conclusion: The assessment of durability can relate to the
product as a whole or to its performance characteristics,
insofar as these play a significant part with respect to the
fulfilment of the Essential Requirements. Durability should be
assessed according to the state of the art of testing methods.
The definition within the guidance goes on with specific
references to the building and construction sector, but could
potentially be adapted:
“Subject to normal maintenance, a product shall enable a
properly designed and executed works to fulfil the Essential
Requirements for an economically reasonable period of time
(working life of the product).”

Making functional sales
environmentally and
economically beneficial
through product
remanufacturing
The durable use of
consumer products

Durability is thus dependent on the intended use of the
product and its service conditions. The assessment of
durability can relate to the product as a whole or to its
performance characteristics, insofar as these play a
significant part with respect to the fulfilment of the Essential
Requirements. In either case, the underlying assumption is
that the performance of the product will be maintained at an
acceptable level, in relation to its initial performance,
throughout its working life.
Remark: Product information should be accessible for the
remanufacturing personnel and the products should be
adapted for the remanufacturing process. Parts that are worn
out quickly in the product, or parts that require frequent
upgrading, to be placed in the product structure in such a
manner that they are easy to replace with new parts.
Definition: Product life (or durability) is the product's actual
life in use. It should be differentiated among the product's
economic life (determined by the opportunity cost) and
product's technical life (determined by the duration of the
product's ability to fulfil its technical function).

Sundin et Bras,
2005

Kostecki, 1998

Conclusion: Product durability is a particular case of a
broader issue of optimal use and intelligent consumption.
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Report/Paper Title
The environmentally
optimised lifetime: a
crucial concept in life cycle
engineering
Design for Environment Do We Get the Focus
Right?
Life cycle optimization of
household refrigerator
freezer replacement

Eco-Efficiency Analysis of
Washing machines

Environmental Issues
within the
Remanufacturing Industry

Design for Durability

Life cycle, sustainability
and the transcendent
quality of building
materials

Product lifecycle
implications for
remanufacturing strategies

Environmental Life Cycle
Assessment (LCA) Study
of Replacement and
Refurbishment options for
household washing
machines
Longer Product Lifetimes

Public understanding of
product lifetimes and
durability

Definitions relating to product durability

Reference

Remark: efficiency of worn-out products as well as due to
technological progress, lifetime extension proves to be not
always the optimal strategy.

Dewulf et Duflou,
2004

Remark: The longer the life of the product, the fewer the
materials used for producing a new product and the lower the
environmental impact.
Remark: Extension of a product lifetime avoids
environmental impacts associated with production of new
products. On the other hand, replacement of an older,
inefficient product with a newer, more-efficient product may
reduce energy consumption and emissions during the use
phase.

Hauschild et al.,
2004

Conclusion: There exist a trade-off between the optimal
lifetimes for energy and cost objectives.
Remark: The results of the analysis are largely dependent on
the assumption about the life-span and the energy
consumption during the use phase and the behaviour of the
user (load, temperature of washing, number of cycles, etc.).
Conclusion: Authors conclude that there are small
differences among the scenarios on life-span. Concerning
the substitution of a WM, this is worthwhile for very old
machine. Economically, there is always a convenience in not
substituting.
Remark: Life cycle savings for remanufacturing may be less
for products with high-energy intensity during its user phase.
Conclusion: The analyses show that remanufacturing is in
general preferable to other end-of-life scenarios or new
production from a material resource perspective.
Definition: The concept of durability in design embraces
longer lasting products that focus on a better use of finite
resources through, for example, combining functionality,
opportunities for secondary lives, and increasing overall
lifespan and product information.
Definition: Durability is the characteristic of those objects or
materials that maintain their properties over time.
Remark: Two concepts are important and different: the
durability of the materials and the durability of the
engineering works.
Definition: (Extension of the useful life of products by
remanufacturing)

Horie, 2004

Rüdenauer et
Gensch, 2005a;
Rüdenauer et
Gensch, 2005b

Lindahl et al., 2006

Monteiro de Barros
et Dewberry, 2006

Mora, 2007

Östlin et al., 2009

Remark: Remanufacturing products with less
environmentally sound technology can have a negative
impact, especially if the major environmental impacts are due
to the use-phase.
Conclusion: Immediate replacement of A and C rated
machines with A++ machines generally represents the most
environmental preferable option. Refurbishment of an A rated
machine is environmentally preferential to immediate
replacement with an A or an A+ rated machine.

WRAP, 2010

Definition: Design for durability: extending the life of products

Downes et al., 2011

Conclusion: Product lifetime extension is likely to reduce
environmental impacts across the lifecycle for the vast
majority of products examined. The benefits largely result
from ‘avoiding’ manufacturing and supply chain impacts.
Conclusion: Consumers view expected product lifetime as a
subjective and variable entity that changes according to the
product and person.
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Report/Paper Title

Methodology for
Ecodesign of Energyrelated Products (MEErP)
1.2.4 Buying Guides for
Durability and Repair

Definitions relating to product durability
Identified from report: "A product’s lifetime is determined by a
combination of ‘nature’ and ‘nurture’, where a product’s
nature is the inherent properties it has – its durability,
functionality, reliability or overall quality or performance."
"A product’s lifetime may have been linked to its reliability
(how long can it go before it first breaks down) more closely
than its durability (how long can it go before it is broken
beyond repair)"
Conclusion: Long product’s life can have a (significant)
negative impact on realising savings.
Conclusion: Significant environmental benefits achievable by
extending the lifetime of electrical that have high production
impacts, and tend to be replaced more frequently for newer
technology.

Reference

VHK, 2011

WRAP, 2012

The JRC’s1 work concluded its review with the following definitions for a number of relevant
terms:


Durability: the ability of products to maintain their functions and performances over
their life-cycle.



Design for durability: considering the product’s longevity, reparability and
maintainability; considering environmental improvements emerging from new
technologies (ISO/TR 14062 2002).



Operating time: average time frame during which the product is supposed to be
used. Operating time can be derived from product statistics or from estimating
models.



Extension of operating time: estimated time frame extension of the operating time
that can be achieved due to specific design and maintenance actions.

Furthermore, the JRC produced the following definition incorporating the role of repair:1
“A product to maintain its functions over time and the degree to which it is repairable before it
becomes obsolete.”…. “In other words, a product should not cease to function after relatively
little usage and its reparability should not be hindered by its design.”
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Direct consideration of the primary literature identified the following additional sources of
information relating to the durability of products (Table 9), those which do not appear in the
previous work of the JRC-IES: Analysis of durability, highlighted above.
Table 9 Further definitions of durability in the literature
Report / Paper
Title

Longer Product
Lifetimes

Ecodesign
Regulation No
666/2013 for
vacuum
cleaners

Ecodesign
Regulation for
Directional and
Non-Directional
Lamps Directive

Definitions relating to product durability
"the expected lifetime of a product under a typical consumer use profile";
"the number of years that the product is designed to last, or number of
product uses"; "Increasing product design life is defined here as measures
which seek to replace shorter life products with products with different
specifications which are purposely designed to last longer."
The regulation contains durability requirements for the hose and motor
parts.
For the hose: “The hose, if any, shall be durable so that it is still useable
after 40 000 oscillations under strain….The hose shall be considered
useable after 40 000 oscillations under strain if it is not visibly damaged
after those oscillations. Strain shall be applied by means of a weight of 2.5
kilogram.”
For the motor: “Operational motor lifetime shall be greater than or equal to
500 hours.”
70% of non-directional and directional compact fluorescent lights should
last at least 6 000hrs.

Reference

ERM for Defra,
UK, 2011

European
Commission

LEDs, 90% should last 6 000hrs (LSF).
Other non-directional lamps should last at least 2 000 hours (mainly
halogens), (RLL).

European
Commission

Other directional lamps: 50% should last at least 2 000hrs, and extra low
voltage lamps should last 4 000hrs.
Light output and efficiency may still be affected negatively.
The Methodology for Ecodesign of Energy-related Products (MEErP) has
been in place since January 2012.

MEErP,
Material
efficiency
module

An exploratory
study of the
effects of
supplier
relationships on
new product
development
outcomes
Slower
Consumption
Reﬂections on
Product Life
Spans and the
'Throwaway
Society'

Lifetime considerations form part of the non-energy related product
considerations, and will be given as per year of use, as well as whole
lifespan.
The product lifetime can refer to:

The technical lifetime is the time that a product is designed to last
to fulfil its primary function (technical lifetime).
 The actual time in service is the time the product is used by the
consumer (service lifetime). The actual time in service is not a
typical parameter in industry and depends more on the user than
on the manufacturers of the product design.

European
Commission

“The amount of use before the product deteriorates or needs to be
replaced”

Marcos A.M.
Primo, 2002

"Those (products) that are designed for durability are constructed robustly,
the materials used are of the highest quality, they are carefully assembled
and their design makes them easy to repair because components and part
are readily accessible"

Tim Cooper,
2008
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Report / Paper
Title

Definitions relating to product durability

Reference

Test Method
Standard for
Environmental
Engineering
Considerations
and Laboratory
Tests

Not a durability definition but the following element could be used: 'Do not
alter the performance characteristics either at the peak temperature or after
return to standard ambient conditions to the extent that the test item does
not meet its requirements'

Department of
Defense, USA,
2000

Beyond
recycling: the
longer life
option

Service life: the product's total life in use from the point of sale to the point
of discard
Replacement life: the period after which the initial purchaser returns to the
shop for a replacement, irrespective of whether or not the original product
still functions
Technical life: the maximum period during which a product can physically
function (i.e. irrespective of repair costs which might reasonably be
considered prohibitive)

Tim Cooper,
1994

Equipment life, Actual life in use, Economic life, Aesthetic life*

Tim Cooper,
1994b

Psychological life – the time products are able to be perceived and used as
worthy objects

E. van Hinte,
1997

The durability of
consumer
durables
Eternally yours;
visions on
product
endurance

It becomes clear from the above sources of information that the terms ‘product lifetime’ and
‘product durability’ are inextricability linked, and that the terms are often used
interchangeably. Furthermore, material efficiency, maintenance, reparability and
remanufacturing are themes that intertwine with that of durability and of ultimately achieving
products with extended, fully functional lifetimes.
A significant focus for the definitions and statements above is the useful lifetime of the
product, how this could and should be established as well as the potential benefits from
extending the lifetime of a particular product.
Many aspects of durability inherent to a product are established at the point of design, when
decisions are taken as to the materials to be used, the strength to provide in a particular joint
or hinge, the interface provided to the user and its durability: decisions that ultimately form a
product with an expected lifetime. Furthermore the issue of designed obsolesce is a key
feature of the discussion on durability, as obsolesce can be designed into a product and
there is an economic driver to do so, balanced with the lifetime expected from the consumer.
There is also the challenge of design for repair, where the ideal situation for maximum
extended product lifetime would be that repairs can be carried out relatively easily and for a
reasonable cost. The product design stage is the point at which design for repair can be
incorporated, or omitted.
Some product will naturally become obsolete relatively rapidly, as the technology of the
product group is rapidly evolving, and consumers may wish to replace an item before the end
of its working lifetime. This may be the case with, for example, mobile phones and
televisions currently. However there are other product groups where planned obsolesce may
be a feature of some designs, generally in technology stable, long life products, such as
washing machines or ovens.
Indeed good design should consider the lifetime of certain aspects of a product relative to
others: producing a product where the electronics can be expected to function for 20 years,
but a hinge is only strong enough to function for 3 years may lead to increased costs for
consumers and likely increased material consumption within the electronics component.
Designing planned obsolesce into products will have a deliberate effect on the lifetime of a
product, making it more homogenous and very likely shorter than the average would have
otherwise been. As the Ecodesign and Energy Labelling process drives products closer
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towards their potential technical optimum, the issue of product durability and lifetime
becomes ever more relevant. Although direct evidence for planned obsolesce can be hard to
identify, there is considerable anecdotal evidence that it occurs.
A number of different definitions of ‘product lifetime’ can be found in the literature,
highlighting the fact that the lifetime of a product is not only associated with its inherent
characteristics, designed into the product. Product lifetime is not a predetermined design
criterion, but the result of a user’s decision. According to Van Nes and Cramer (2006),
lifetime is primarily determined by the user, not by the manufacturer. Hence, it is not only an
intrinsic characteristic of the product that needs to be changed, but the behaviour of the
consumer also needs to change through product design. Such evidence is essential when
developing an approach to extend lifetime. For this reason, in publications on lifetime
extension and lifetime optimisation there is a general tendency to distinguish between
different types of lifetimes.
Moreover, the product lifetime is the duration of the life of a product starting from acquisition
and ending at the moment of replacement. In this definition, the lifetime ends when the
product is replaced by another product that takes over the original application. This does not
necessarily mean that the old product is discarded as waste. It is possible that the old
product gets a new (second) life in another application, either with the same user or with
someone else. This concept is the basis of the conceptual ideas developed by Stahel (1998).
According to Stahel, product lifetime is part of a broader process to strive for a new
utilisation-focused service economy. Long-living goods and service for life extension is a
combination of closing material loops and reducing the speed of the resource flow through
prolonged utilisation of goods. As such, lifetime extension is part of a transformation process
from the linear, production-focused industrial economy into a utilisation-focused service
economy operating in loops; the circular economy.
Consequently there are two actors on the ‘lifetime’ of a product: the decisions made at the
point of design by manufacturers, including the concept of planned obsolesce and the
reparability of the product; and the decisions made by the consumers responding to those
made in the design phase, whether to repair a product, or whether to replace it, potentially
ahead of the end of its technical lifetime.
In the context of product durability, lifetime optimisation is fundamental. Van Nes and Cramer
(2005) have investigated the possibility of influencing product lifetime through product design
by identifying five ‘design for longevity’ strategies:


Design for reliability and robustness. This guarantees that the product will not be
easily broken or damaged.



Design for repair and maintenance. The product repair must be so simple that the
consumers themselves can perform it.



Design for upgradability. Upgradability is the change of parts or modules into more
advanced ones. Upgradability could concern hardware but also software. As there is
a tendency to make products more compatible, it is just a small step to develop
upgradeable products. Such upgradability can concern a wide range of product
attributes such as the design or technological attributes.



Design for product attachment. This strategy is based on the fact that the disposal
of products is made harder when one feels attached to the product, e.g. when the
product carries memories, it is unique or has some personal elements. It is
questionable, and therefore a challenge for designers, whether it is possible to
cultivate this product attachment and design mass products that allow for
personalisation.



Design for variability. The possibility to offer variation to the user without the need
for additional parts. It mainly concerns the physical appearance of the product, but it
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is not restricted to this. This strategy aims to achieve a longer-term interest in the
product.
The above literature references, as well as the work performed by the JRC, demonstrate that
increasing the lifetime of a product can deliver environmental benefits for the product group
in terms of avoided manufacturing impacts, material impacts, transport impacts and disposal
impacts. However, as also highlighted by a number of the papers and references above,
simply extending the lifetime of a product does not always lead to the most environmentally
advantageous outcome, particularly with respect to energy using products. There is the
challenge of whether a greater environmental benefit is achieved through extending the
lifetime of the product, or through replacing it with a new, more energy efficient model. This is
particularly relevant to any products affected by the Ecodesign and Energy Labelling
Directives.

1.3.3 Approaches to durability within testing standards
Aspects of durability, such as material resistance, resistance to impact and shock, vibration
and temperature, are widely covered within test methodologies and standards, but these are
usually extremely product and role specific and hence have little relevance to be lifted
directly into a discussion of a product’s durability and a single concept.
There are a number of wider approaches within the area of test standards that are, however,
appropriate to consider at this stage. The following non-standard protocols provide an
indication of the types of measurement approaches that have been developed for measuring
product durability and exist within the literature.


Comparison to target life: This is the most common form of durability test in which the
expected life of a product is outlined, based on expected usage and duty cycles, and the
device is exposed to those conditions to verify that the product in question can achieve
this requirement. Sample sizes are selected to demonstrate a given level of reliability
under the durability conditions. Where the current lifespan of the product is known, this
approach can be discussed with stakeholders.



Comparison to similar parts – Accelerated Testing: A rapid method for ranking one
or more products against each other for durability; a step stress technique called Failure
Mode Verification Testing (FMVT) is used to compare two or more products under
increasing conditions, starting at expected service conditions and building towards an
expected destruct limit. The failure modes and time to failure are compared in order to
rank the products from least durable to most durable. Where the lifespan is not known,
this approach can be used to generate information about the current performance of
products.



Comparison to degradation: For products with a clear measurable level of
degradation over time, a small portion of a life test can be run and the estimated time to
failure determined by the rate of degradation of key parameters. This technique requires
an understanding of the failure modes of the product.



Comparison to design iterations – Accelerated Testing (FMVT): A rapid method for
ranking a product to its previous design revision to show robustness growth without
measuring a statistical reliability.



Key component testing: All the above techniques can be applied to individual
components deemed to be the critical feature to the success of a product. This
technique reduces testing cost and time by focusing on smaller components rather than
the full system. This can be useful in systems with a good field history that are
experiencing small incremental changes in key components.
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1.3.4 Definition of durability for this work
The underlying concept and intention of this work is that increasing the durability of products
will have a net environmental benefit, and that this will be measurable.
The functional lifetime of a product is that established when the product is working under the
normally anticipated operating conditions for that product. This statement is supported by
many of the definitions and discussions given in the literature above.
The functional lifetime of a product is the start point of the definition of durability. Increasing
the durability of a product should build on this functional lifetime, increasing the duration of
time for which a product is able to fully function, or increasing the intensity of use that is
possible. It is likely that within a product group there will already be highly durable products
available that function in considerable excess of the product group average lifetime.
Conversely, there will also be examples of products that break, or that have significant
performance decreases, before the anticipated average lifetime has been completed and it is
to this latter category of products that durability requirements will have the most impact,
especially if the application is through the Ecodesign Directive and the product level criteria
requirements developed.
The key practical aspect that must be considered when exploring the implication of durability
for products, if product durability is to be taken forward as a single element to be improved in
its own right through the application of European Product Policy measures, is testing:


Any definition of durability needs to be able to be tested – i.e. a test method must
exist or be developed that enables repeatable and replicable testing to be performed.



Testing under normal conditions is the usual method to give the anticipated lifespan,
for example, testing under typical ambient conditions (temperature and humidity) and
typical frequency of use.



Further testing can be done under ‘challenging’ conditions, which use foreseeable
conditions that are more challenging than typical use patterns, such as higher
temperatures, increased humidity, and increased frequency of use. Other examples
of testing under more challenging conditions could include cyclic corrosion testing,
salt spray testing, thermal aging, thermal cycling or thermal shock, vibration –
random or shock. The specific testing carried out will depend on the type of product
and the range of potential conditions it may be subjected to during its lifetime.



The lifetime of a product needs to be defined, as does the point at which a first
lifetime ceases and a potential second lifetime begins, for example if the product is
remanufactured.
It is also necessary to define what maintenance is, what repair is, how they link with or
impact on the durability of a product, or how they differ.
Building on the discussions and definitions identified within the literature, these different
aspects of prolonging a product’s life have been considered and the following definitions are
provided for use within this work.
Maintenance is scheduled, planned activities which focus on specific parts of a product.


Regular maintenance of a product in accordance with the instructions of the
manufacturer will likely have a positive impact on product lifetime. A manufacturer
will normally provide information with the product at the point of purchase on how to
maintain a product to ensure its lifespan is optimised, although they are not obliged
to do so.



Maintenance activities will be different for household product groups and for
industrial/ business product groups. In the case of household products, the
householder will often carry out the maintenance themselves, likely on an ad-hoc
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basis. This includes for example cleaning the filter of a washing machine,
dishwasher, dryer or vacuum cleaner as well as replacing, for example, filters and
bags in accordance with the manufacturer’s guidance. There is also a need to
consider maintenance that needs to be carried out by professional tradesmen, for
example with the case of boiler maintenance.


Business and industrial product groups are often sold with a maintenance agreement
and so products are serviced on a regular basis and according to the
manufacturer’s schedule. To this effect, then, servicing can be considered to be a
particular instance of maintenance.

Repair is a response to unplanned events such as early failure of a part or component
within a product. Repair activities are not always considered during the design phase of
the product; some manufacturers design with repair in mind, while others do not consider
this element of design.


Generally, repair activities will require a tradesman with specialist knowledge to
complete the repair.



Repairs are unpredictable. The level of repair can vary widely within the same
product group, although there seems to be some predictability around what
components might require repair within a particular product group.

The ability to repair a product, and keep it in working order where otherwise a replacement
product would need to be introduced offers a number of obvious benefits, both financially to
the consumer, and in terms of material efficiency, transport efficiency, etc. However, there
exists the very real negative impact of the replacement product potentially being more energy
efficient than the one it replaces, and the potential for energy savings to be achieved not
being realised. Hence, design for repair has significant merit in terms of product longevity,
enabling repair and remanufacture and the circular economy approach as a whole for
products, but a full consideration of the lifetime energy consumption implications must be
made.
A further challenge is how design for repair can be measured and assessed as a standalone
aspect of product design. Repair activities are in response to unplanned events, and as such
are particularly difficult to anticipate and to account for in lifecycle calculations. A significant
proportion of repair events may be the result of unexpected consumer behaviour or the
environment in which a product has been placed, for example a freezer placed for operation
in the incorrect temperature zone. There is also considerable impact from consumer
behaviour as to whether a repair is actioned, or a replacement item is purchased, which
makes modelling calculations of repair implications particularly challenging.
1.3.4.1 Proposed definition (applicable to Ecodesign):
The definitions developed by the JRC within their work in this area are highly relevant. In
addition, the first definition developed by Van Nes and Cramer (2005) Design for reliability
and robustness is also highly pertinent.
Durability is dependent on the intended use of the product and its service conditions. The
assessment of durability can relate to the product as a whole or to its performance
characteristics, insofar as these play a significant part with respect to the fulfilment of the
essential function of the product. In either case, the underlying assumption is that the
performance of the product will be maintained at an acceptable level, in relation to its initial
performance, throughout its working life.
To date, the durability requirements that have been developed for products within European
product policy focus on ensuring a defined lifetime of a product is achieved, and that these
products do not fail in advance of this point. For lamps (light bulbs), the focus is on ensuring
that an acceptable percentage of lamps achieve a certain length of service before failing,
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while for vacuum cleaners the focus is on several components within a vacuum cleaner
(motors and hoses) achieving a minimum functional lifetime without failing.
Building on this, and keeping in mind that any definition of durability must be testable for it to
be developed into a requirement within EC product policy, the primary objective is then to
concentrate on the first life of the product and how this can be both maximised and how it
can be ensured that all products within a product group achieve a minimum expected
lifetime. There is the potential to focus on particular components or elements of a product if
there is evidence that such components regularly fail earlier than the remainder of the
product, or are particularly vulnerable to damage.
Maximising the product lifetime can be achieved through implementing durability
requirements at the design stage to ensure that a product will last a minimum period. This
means, that within a product group, all products should achieve a minimum life span (based
on level of use such as number of cycles/ hours).
Building on the above discussion, and the findings from Section 1.3.1 - 1.3.3, the following
definition has been developed and will be applied to the project:
Durability is the ability of a product to perform its function at the anticipated performance
level over a given period (number of cycles – uses – hours in use), under the expected
conditions of use and under foreseeable actions.
Performing the recommended regular servicing, maintenance, and replacement activities as
specified by the manufacturer will help to ensure that a product achieves its intended lifetime.

1.3.4.2 Ecolabel and GPP
As per the definition above, and in consideration of how durability requirements could be
enacted for a number of products through the context of the Ecodesign Directive, durability is
synonymous with ensuring that a product functions for the expected lifetime (time, cycles,
etc.) for which it is designed, and that there are few (ideally statistically insignificant)
examples of products failing significantly in advance of this point. Specific components that
are known to be vulnerable points or to fail early could be specifically targeted.
The existence of the EU Ecolabel and GPP offer an opportunity for a more stretching role for
durability within product requirements. In particular, the EU Ecolabel aims to recognise
exemplar products, with high environmental benefits across a multitude of focus areas.
Consequently, there exists the possibility of creating an extended definition of durability that
encompasses repair, design for repair and remanufacturing, and that such an extended
definition of durability could be developed for inclusion within the EU Ecolabel and GPP
criteria requirements. This would allow the definition incorporating repair by the JRC to be
incorporated into EC product policy:
“A product to maintain its functions over time and the degree to which it is repairable before it
becomes obsolete.”…. “In other words, a product should not cease to function after relatively
little usage and its reparability should not be hindered by its design.”
Repair, possible at a reasonable cost, as an activity offers benefits through increasing the
potential lifetime of a product, and in its extended form with guarantees of remanufacturing
and of giving a full second lifetime to a product.
It is thus worth considering that, within this context, extended durability is the aim to extend
the life of a product past its first life by ensuring a product can be easily repaired, upgraded,
remanufactured and, at end of life, dismantled and recycled. It is proposed that these further
requirements are addressed through the application of the EU Ecolabel and potentially
through GPP criteria.
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Task 2 – Review of Existing
Methodologies
2.1 Test methodologies
The aim of this review was to capture any and all applicable standards and test methods
that already cover some aspect of durability for the products considered in this project.
The main components that required repair or replacement were also identified for both
product groups in question.


Domestic ovens (Ecodesign Lot 22)



Refrigerators (Ecodesign Lot 13)

The approach taken within this work included a desk-based analysis of existing published
documents, supplemented with direct correspondence with relevant stakeholders and
contacts to consider if there are any bespoke appliance durability tests that could contribute
to the research. This work also aimed to consider whether the testing necessary should be at
product or component level.
The stakeholders contacted included IEC (International Electrotechnical Commission),
individual manufacturers, relevant industry associations such as CECED (European
Committee of Domestic Equipment Manufacturers) and consumer groups such as ANEC
(The European consumer voice in standardisation).
Furthermore, methodologies that relate to assessing the durability of other similar products
were examined, as these could provide suitable approaches, in the absence of existing
product approaches.

2.1.1 Existing performance standards for products or product components
A proforma was developed and used by the project team to collect information available in
current standards (a copy of the proforma can be found in Appendix 1). The research
covered the EU, the US, Australasia and Asia.
Completed documents can be found in Appendices 2 (refrigerators) and 3 (ovens) for tests
considered to be most relevant. In all cases the standards identified and provided to the
project team were at the component level. No durability tests that consider the whole product
were found. Information on other tests was also collected, but not included due to the large
number of them. The information on test standards was collected in parallel to the research
on product failures so the identification of components to be considered in subsequent tasks
was not yet established.
Table 10 and Table 11 below provide a summary of the standards identified as most
relevant. Descriptions have been simplified and the appropriate standard should be referred
to for further detail. The main standards that are of use are the European safety standards for
refrigerators and ovens and also the performance standards for refrigerators. Standards from
other regions give some insight into different approaches but may be based upon or similar
to European standards.
This activity ultimately identified that test standards for the durability of a product, at the
product level, did not exist.
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In the absence of test standards that directly address durability in a manner that is required
for this task, it has been necessary to draw upon existing standards for safety and, to a
lesser extent, performance assessments. It is acknowledged that this is not ideal as these
standards were produced for other particular requirements. However, such standards give a
basis upon which tests for durability might be based upon, or at least a starting point for
discussions on how a durability test could be drawn up.
2.1.1.1 European Standards
Test standard EN 60335 covers product safety and comes in two parts. Part 1 has the
general requirements for household and similar electrical requirements. Part 2 has specific
requirements depending upon the appliance, for example Part 2-24 is for refrigerating
appliances, ice-cream appliances and ice makers and specifies tests or additions to the
clauses in Part 1 that are appropriate for refrigerating appliances. Part 2-6 is for stationary
cooking ranges, hobs, ovens and similar appliances.
Within Europe safety regulations EN 60335-1 and EN 60335-2-24 are the relevant
Harmonised Standards for the purposes of LVD (Low Voltage Directive) compliance for
refrigerating appliances within Europe. Safety regulations EN 60335-1 and EN 60335-2-6 are
the relevant Harmonised Standards for the purposes of LVD compliance for ranges, ovens,
hobs and similar appliances within Europe. The aim of the LVD is to harmonise the laws of
the Member States relating to electrical equipment designed for use within certain voltage
limits. The Directive covers all risks arising from the use of electrical equipment, including not
just electrical ones but also mechanical, chemical (such as, in particular, emission of
aggressive substances) and all other risks. Electrical appliances falling under the Directive
are not permitted to carry the required CE mark without meeting all the requirements of the
LVD which requires compliance to all the sections of the safety standards, i.e. a product
cannot be placed on the European Market as CE compliant unless they already meet the
requirements set out in these standards.
The tests specified under the EN60335 series of standards are available in accredited test
houses across Europe, and the results from such tests should provide repeatable and
reproducible results as this is a requirement of the accreditation. The adoption of the test
requirements into an Ecodesign regulation would not affect the durability performance of
appliances since these requirements should already be achieved and declared for LVD
compliance. However, such standards could be the basis of durability tests, potentially with
higher minimum standard pass requirements.
The EN60335 Part 1 General Requirements for electrical appliances has a clause 18
Endurance; however this states that any requirements for this type of test are specified in the
Part 2 as necessary. For components such as compressors, there is no requirement for an
endurance test. Clause 19 for the general requirements covers abnormal operations and has
several sub clauses. The abnormal operations tests ensure that a fault condition will not
render the appliance unsafe with regard to electric shock, fire hazard, mechanical hazard or
dangerous malfunction. Examples of simulating fault conditions are short circuiting a
capacitor or relays to ensure that there is a fail-safe outcome preventing fire, mechanical
hazard or electric shock.
The German Institute of Standardisation has produced a set of DIN standards that could be
appropriate when considering compressor testing.
CECED has technical data sheets identified as CECOMAF/CECED GT 4 standards. These
were drawn up the by technical committees of the European committee of manufacturers of
refrigeration equipment (CECOMAF)9 and the European manufacturers of electrical domestic
equipment (CECED).10

9

CECOMAF is now known as Eurovent; the European Association of Air Handling and Refrigeration Equipment Manufacturers
Although requested and followed up, CECED have not confirmed if these are publically available.

10
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There is a European standard CEN/TS 1652411 which describes a methodology for reducing
the overall environmental impact through product design and development of mechanical
products. It includes a proposed methodology which is intended to kick-start eco-design
initiatives within companies as part of a teaching and continuous improvement approach. It is
suitable for the redesign of an existing product but can also be applied for new product
design. Reference is made to numerous requirements and guidelines (such as the ISO
14000 series on environmental management, environmental labelling and life cycle analysis)
and Directives covering areas such as packaging and hazardous substances. This standard
does not go into the level of detail for the durability of individual components required within
this project.
2.1.1.2 North American Standards
For the US, general information about testing was available from ASHRAE12 Technical
Committee 8.9 - Residential Refrigerators and Freezers Handbook13. This document covers
the design and construction of household refrigerating appliances and associated
characteristics and evaluation approaches.
In the ASHRAE Technical Committee 8.9 Handbook Chapter 49, a general paragraph about
component life testing states the following:
"Various components of a refrigerator and freezer cabinet are subject to continual use by the
consumer throughout the life of the product; they must be adequately tested to ensure their
durability for at least a 10 year life. Some of these items are (1) hinges, (2) latch mechanism,
(3) door gasket, (4) light and fan switches, and (5) door shelves. These components may be
checked by an automatic mechanism, which opens and closes the door in a prescribed
manner. A total of 300,000 cycles is generally accepted as the standard for design purposes.
Door shelves should be loaded as they would be for normal home usage. Several other
important characteristics may be checked during the same test: (1) retention of door seal, (2)
rigidity of door assembly, (3) rigidity of cabinet shell, and (4) durability of inner door panels.
Life tests on the electrical and mechanical components of the refrigerating system may be
made as required."

Despite attempts to contact the chair of this technical committee, it has been difficult to
ascertain the status of this document or to clarify some of the tests that are provided in the
Handbook.
Performance standards equivalent to the European standards are the produced by AHAM14.
The AHAM HRF-1 standard is predominantly a performance standard specifying the
methods of measuring energy and internal volume of refrigerating appliances. It is referred to
in the ASHRAE handbook as having a no-load pull down test, but this does not appear in the
latest version of the HRF-1 standard.
The AHAM standard ER-1-2012 Household Electric Ranges has performance tests and also
some mechanical and structural tests that are very relevant to this research.
The UL standards used in North America are jointly issued by the Underwriters Laboratories
Inc (UL) and the Canadian Standards Association (CSA group). They are prepared with the
Canadian Appliance Manufacturers Association (CAMA) and the AHAM. The UL (CSA)
standards cover safety requirements rather than performance.
11

Eco-design of mechanical products: Methodology for reducing environmental impacts on design and product development
ASHRAE formally the American Society of Heating, Refrigerating and Air conditioning Engineers. ASHRAE is a technical society in the fields of
HVAC&. It represents building system design and industrial processes professionals. ASHRAE develops standards for both its members and others
professionally concerned with refrigeration processes and the design and maintenance of indoor environments.
13
ASHRAE. Handbook Chapter 49. The 2014 ASHRAE Handbook—Refrigeration covers the refrigeration equipment and systems for applications
other than human comfort. This volume includes data and guidance on cooling, freezing, and storing food; industrial and medical applications of
refrigeration; and low-temperature refrigeration.
14
AHAM is the trade association of the home appliance manufacturing industry with offices in the United States and Canada. It is an ANSI
accredited Standards Development Organization and develops and maintains technical standards for various appliances.
12
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2.1.1.3 Refrigerators
Table 10 Summary of test standards related to appliance durability for refrigerating appliances
Region

Standard

Component(s)

Nature of test

(clause number)
China

GB/T8059.1-1995

Door hinge and handle

Repeat opening test;
Refrigerator 100 000 cycles
Freezer 10 000 cycles
Door opened to 45°

Europe

IEC 60335-1:2010+A1:2013/EN
60335-1:2012 Household and similar
electrical appliances — Safety
Part 1: General requirements

Internal wiring and connections

Physical characteristics

(23.1 and 23.9)
Capacitors

Refers to IEC 60384-14 standard

(24.1.1)
Switches

Refers to IEC 61058-1; at least 10 000 cycles

(24.1.3)
Controls

Refers to IEC 60730-1; number of cycles at least:
– thermostats 10 000
– temperature limiters 1 000
– self-resetting thermal cut-outs 300
– voltage-maintained non-self-resetting thermal cutouts 1 000
– other non-self-resetting thermal cut-outs 30
– timers 3 000
– energy regulators 10 000

(24.1.4)
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Region

Standard

Component(s)

Nature of test

(clause number)
Europe

EN 60335-2-24 2010 Household And
Similar Electrical Appliances - Safety
Part 2-24: Particular Requirements For
Refrigerating Appliances, Ice-Cream
Appliances and Ice Makers

Illuminating lamps

Instructions shall include the method of replacing
illuminating lamps.

(7.12.1)
Moisture resistance

Simulation of liquid spillage to inside walls and top
of appliance.
The appliance must pass the electrical strength test
and insulation creepage/clearance distances must
not have been compromised by the deposition of
moisture.

(15.1 and 15.2)

Abnormal operation - heating systems
(19.101)

Appliances Stability with door(s) loaded
(20.102)

Appliances Stability with sliding drawers
(20.103 and 20.104)
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Heating systems shall be so dimensioned and
located that there is no risk of fire even in the case
of abnormal operation. Heating system includes
heating element with associated components such
as timers, switches, thermostats and other controls.
Number of weights arranged as specified in
standard. Door is opened and additional weight
applied at outer edge of the door.
The appliances must not tip and does not
compromise access to live parts, earth leakage and
electrical strength and creepage/clearance
distances.
Each drawer is loaded with a uniformly distributed
load/unit storage volume of the compartments of
0,5 kg/l.
One drawer, selected to give the most unfavourable
result is pulled to its most onerous out position or to
its stops, if fitted, and a weight of 23 kg is gently
applied to or suspended from the centre of the
drawer.
The appliances must not tip and does not
compromise access to live parts, earth leakage and
electrical strength and creepage/clearance
distances.
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Region

Standard

Component(s)

Nature of test

(clause number)
Europe

EN 60335-2-24 2010 Household And
Similar Electrical Appliances - Safety

Wiring subjected to flexing during normal
use

Part 2-24: Particular Requirements For
Refrigerating Appliances, Ice-Cream
Appliances and Ice Makers

(23.3)
Locked-rotor test for fan motors

To assess that the fan motor will not reach
excessive temperatures if the motor locks or fails to
start.

(Annex AA)
IEC/EN 60335-2-24:2010 Household
and similar electrical appliances —
Safety Part 2-34 Particular
requirements of Motor compressors

Flexing of electrical conductors that are flexed in
normal operation: 100 000 cycles.

Compressor start relay
(24.1.4)

Compressor Start Relay is tested to 100 000
operations.

Elevated pressure test of refrigerant
system
(22.7)

Pressure is increased to the prescribed level
depending upon refrigerant system and held for one
minute.
Only limited leakage is allowed as described within
the standard.

EN 62552 : 2013 Household
refrigerating appliances Characteristics and test methods

Door Gasket - air tightness of doors, lids
and drawer seals

Door seal effectiveness test is carried out before
and after the door openings below.

(9 and 11)

Fridge doors 100 000 times.
Freezer doors 30 000 times.
Door shelves are loaded in accordance with Clause
11.2.1. Doors are opened to a particular angle.

Durability - Hinge, door and door handle
(11)

Mechanical strength - Door shelves,
trays/shelves and external drawers
(12)

Fridge doors 100 000 times.
Freezer doors 30 000 times.
The time for the warmest thermocouple to go from
-18 to -9°C is recorded after a cooled appliance is
switched off.
No minimum standard set.

Insulation - temperatures rise test
(16)
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Freezer doors 30 000 times.
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11.2.1. Doors are opened to a particular angle.
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Region

Standard

Component(s)

Nature of test

(clause number)
Europe

DIN 8974

Compressors (standard and variable)

Switching time test for hermetic motor compressors
in refrigeration systems.
500 000 switching cycles.

DIN 8978

Compressors (standard and variable)

Wear Test For Refrigerant compressors.
1 000 hours uninterrupted running of the engine at
the specified coil temperature (R 600a: 10,9 bar :
1,08 bar).

DIN 8979

Compressors (standard and variable)

High temperature testing of motor-compressors in
refrigeration systems.
2 000 hours uninterrupted running of the engine at
the specified coil temperature (R 600a: 7,7 bar :
1,08 bar).

CECOMAF GT 4-002, GT4-003, GT 4004
US

ASHRAE Technical Committee 8.9
Handbook “Standard Performance
Test Procedures”

Industry body technical data sheets - CECED have
not confirmed if these are publically available.
Internal moisture accumulation test

To determine effectiveness of the moisture sealing
of the cabinet in preventing moisture getting into the
insulation space and degrading the performance
and life of the refrigerator. It also considers the frost
build up internally and the effectiveness of
defrosting systems including water disposal.
High ambient temperature (32°C) and high humidity
(75% RH) test conditions.
Door openings of first 16 hours each day. 96
opening per day for fridge, 24 per day for freezer.
Test runs for 21 days.

US

ASHRAE Technical Committee 8.9
Handbook "Special Performance
Testing" suggestions

High and low voltage tests

Ability of the compressor to start and pull down the
system with voltages at least 10% above and below
rated voltage.

ASHRAE Technical Committee 8.9

Environmental cracking resistance test

Cracking resistance of the plastic inner door liners
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Region

Standard

Component(s)

Nature of test

(clause number)
Handbook "Materials testing"

North
America

UL 250 Standard for Safety Household
Refrigerators and Freezers

and breaker strips at operating temperatures when
coated with a 50/50 mixture of oleic acid and
cottonseed oil. The cabinet door shelves are loaded
with weights, and the doors are slammed on a
prescribed schedule extending over an 8 day test
period.
The parts are then examined for cracks and
crazing.
Breaker Strip Impact Test

Impact resistance of the breaker strips at operating
temperatures when coated with a 50/50 mixture of
oleic acid and cottonseed oil. The breaker strip is
impacted by a 0,9 kg dart dropped from a
prescribed height. The strip is then examined for
cracks and crazing.

Defrost heater burnout test

Fail safe test to ensure there is no risk of fire or
electric shock through overheating or failure.

(8.10)
Defrost heater control tests - Endurance
(8.20.1)
Door latch test

Door opening:
300 000 for refrigerators
150 000 for freezers
Door latch is to operate correctly as specified in the
standard (8.28.1).
After a series of door opening cycles are completed
(see clause 8.28.4 above) a load is applied to the
outer edge of the door. The hinges shall not
separate from the cabinet or door.

(8.28.4)

Door hinge strength test
(8.29.2)

UL 250 Standard for Safety Household
Refrigerators and Freezers

Burnout test - impedance protected
motors
(9.13)
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Endurance test for operating under load for up to 30
000 cycles depending upon the type of defrost
cycle control

50

With locked rotors the motor is operated with
increasing supply voltage until the motor burns out.
The motor must remain at safe temperatures.
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Region

Standard

Component(s)

Nature of test

(clause number)
US

ASHRAE Technical Committee 8.9
Handbook “Standard Performance
Test Procedures”

Handling and storage test

Withstand shipping conditions when packaged.
Crated cabinet released from 150mm off floor onto
one corner. Each corner is tested.
Test carried out at 60°C ambient and then -18°C
ambient.
Un-crated appliance operated and all accessible
parts inspected for damage.

Australia

AS/NZS 4474.1

2.12 Pull down performance

Pull down from warm condition (43°C ambient) to
design temperatures within an acceptable period.

New
Zealand
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2.1.1.4 Ovens
Table 11 Summary of test standards related to appliance durability for ovens and cooking appliances
Region

Standard

Component(s)

Nature of test

(clause number)
Europe

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Internal wiring and connections

Physical characteristics

(23.1 and 23.9)
Capacitors

Refers to IEC 60384-14 standard

(24.1.1)
Switches

Refers to IEC 61058-1; requires at least 10 000
cycles

(24.1.3)
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Controls

Refers to IEC 60730-1; number of cycles at least:

(24.1.4)

– thermostats 10 000
– temperature limiters 1 000
– self-resetting thermal cut-outs 300
– voltage-maintained non-self-resetting thermal cutouts 1 000
– other non-self-resetting thermal cut-outs 30
– timers 3 000
– energy regulators 10 000
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Region

Standard

Component(s)

Nature of test

(clause number)
Europe

IEC/EN 60335-2-6:2003+A13:2013 Household
and Similar Electrical Appliances - Safety

Moisture resistance

Simulation of liquid spillage to inside walls and top
of appliance.

(15.2)

Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

The appliance must pass the electrical strength test
and insulation creepage/clearance distances must
not have been compromised by the deposition of
moisture.
Stability - door open

To ensure adequate stability with an open door
loaded with 22,5kg for ovens doors. The appliance
shall not tilt (damage and deformation of the doors
and hinges are ignored).

(20.101)

Mechanical strength - shelves and
their supports
(21.101)
Mechanical strength Ceramic glass and similar hob
surfaces
(21.102)
Mechanical strength Horizontal glass door panel
thermal shock test
(21.104)
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Measurement of inclination of shelf resulting from a
load not being more than 6° when compared to pretest unloaded state.
After heating at maximum setting a weight is
dropped onto the surface 10 times. Each heating
zone is subjected to this stress and then the all
zones operated together. The hob must not crack
and appliance will withstand an electrical strength
test.
Cool water applied to a heated opened door must
not result in a fracture.
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Region

Standard

Component(s)

Nature of test

(clause number)
Europe

IEC/EN 60335-2-6:2003+A13:2013 Household
and Similar Electrical Appliances - Safety

Door test - pyrolytic self-cleaning
ovens

Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

(22.108)

Switches - Hob elements

To check the interlock system or door seal is not
damaged after repeated door use. The door is
opened at least 10 cm and is then closed by
applying a force of 90 N to the handle. This
operation is carried out 5 000 times. Every 1 000
cycles, the interlock system for the self-cleaning
function is operated.
After the test, the interlock system shall be fit for
further use and the door seal shall not be damaged.
30 000 cycles

(24.1.3)
Controls

number of cycles at least:

(24.1.4)

– thermostats 10 000
– temperature limiters 1 000
– self-resetting thermal cut-outs 300
– voltage-maintained non-self-resetting thermal cutouts 1 000
– other non-self-resetting thermal cut-outs 30
– timers 3 000
– energy regulators:
for automatic action 100 000
for manual action 10 000
– self-resetting thermal cut-outs:
for heating elements of glass-ceramic hobs 100 000

Wiring subjected to flexing during
normal use

100 000 cycles

(25.14)
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Region

Standard

Component(s)

Nature of test

(clause number)
Europe

IEC/EN 60335-2-6:2003+A13:2013 Household
and Similar Electrical Appliances - Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Endurance (microwave oven door
system; hinges, seals and
associated parts)

The door system subjected to 50,000 cycles of
operation with microwaving and then 50,000 cycles
of operation without microwave generation.

(18)

The door is opened and closed as in normal use. It
is opened from the closed position to a position
approximately 10° before fully open. The rate of
operation is 6 cycles per minute.
Microwave leakage test is carried out and door
system should still function.

North
America

AHAM ER-1-2012 Household Electric Ranges

Cooker top heating units

Thermal endurance test measures any change in
input wattage after 3 500 hour heating test.

(6.2)
Oven lining and insulation

Thermal endurance test on oven linings and
insulation after 30 days heating at 260°C.

(8.7.2)
Oven heating unit

Endurance test of 3 000 hour heating; 60 mins on
and 20 mins cooling.

(8.7.3)

(would take around 160 days to complete test)
Broiler unit (grill)

Endurance test of 1 000 hour heating; 60 mins on
and 20 mins cooling.

(8.7.4)

(would take around 55 days to complete test)
Rotisserie

Loaded rotisserie operated for at least 500 hour.

(8.7.5)
Oven liner - moisture integrity
(8.7.6)
Cooker top

Vertical force applied to several areas on the
cooker top. No permanent damage that impairs
functioning should occur.

(9.1.1)
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Oven heated for 45 mins with pan of water on
bottom rack. Interior is checked for visible moisture
in the insulation.

55

The Durability of Products: Full Report

Region

Standard

Component(s)

Nature of test

(clause number)
North
America

AHAM ER-1-2012 Household Electric Ranges

Cooker top - plate temperature
stability

A cold and hot test after which any horizontal
distortion is measured.

(9.1.2)
Ceramic cooking top - rigidity
(9.2.1)
Oven doors - sturdiness

Door opened 25 000 times at a rate of 15 times per
minute. Door fit, hinge and latch operation observed
for any abnormality.

(9.3.1)
Oven doors - drop down

Load applied to an outside corner of the opened
door for 5 minutes. Door fit and mechanism should
allow normal door operation.

(9.3.2)
Oven racks

Load applied to oven racks (shelves) both in the "in
place" and "fully extended" positions. For "in place"
test the oven is heated through five heating/cooling
cycles. Minimum requirement for distortion given in
the standard.

(9.4.1)

North
America

UL 858 Household electric ranges
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Vertical force applied to several areas on the
cooker top. No permanent damage that impairs
functioning should occur.

Oven doors -integrity

Load is applied (different depending upon door
operation) for 5 mins. There should be no
breakage, damage or deflection from normal
opening position.

(34)
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2.1.1.5 Other potentially relevant standards
Table 12 Summary of test standards not for specified appliances
Region

Standard

Component(s)

Nature of test

(clause number)
UK

Pivot doors:
Annex C
C.1 Static load test
C.2 Slam open/shut test
C.3 Wear and fatigue test

Loads and forces applied to assess quality and
assess performance - two levels of performance
stated (higher specification requirement are given in
brackets.)
Static test load of 30kg (37,5kg) open and close 10
cycles
Open /shut test with a downward force of 15N
(20N), 20 000 cycles
Wear and fatigue test, 40 000 (80 000) cycles

Handles :
Annex G Determination of the
strength of handles

Load for 100N applied, 10 times (6 /minute).

BS EN 60335-2-4:1995 Specification for safety
of household and similar electrical appliances Part 2-4 : Particular requirements for spin
extractors

Mechanical Strength - lids

Impact test with a 20kg weight. No damage that
would result in access to moving parts.

Europe

EN 60034-1:2010 Rotating electrical machines
Part 1: Rating and performance

Various clauses

Covers Ratings, Site operating conditions, Electrical
operating conditions, Thermal performance and
tests.

Europe

EN 50285:1999 Energy efficiency of electric
lamps for household use - Measurement
methods

Lamp life

Refers to EN60064 for filament and halogen lamps
which specifies a test cycle and average life
requirements.

Ecodesign Directive No 666/2013 Vacuum
cleaners

Operational motor life

UK

Europe

BS 6222-2:1997
Domestic kitchen equipment - Part 2:
specification for structural performance
requirements and methods of testing for fitted
kitchen units
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(21.101)

(6.3)

(Specific requirement from Sept
2017)
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Intermittent running of motor with lifetime of at least
500 hours. Based upon 50 hours use per year this
equates of a consumer lifetime of 10 years.
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2.1.2 Non-standard documents and company tests
Manufacturers, trade bodies and research organisations have been contacted in order to
determine whether there are durability tests undertaken that are not the same as those given
in official safety and performance standards.
The amount of information shared with the project team has been limited and this is thought
to be due to the potentially sensitive nature of this type of information. Manufacturers may
see it as an admission of weakness to share details of product failures or where durability
testing is focussed.
Some manufacturers present similar information within their marketing material; other
sources are from direct contact with the organisations. Table 13 below summarises the
information obtained.
WRAP is a UK based organisation working in the UK and internationally to help governments
implement their priorities on resource efficiency. Areas of work include preventing and
minimising waste, re-using, and recycling. The Better Appliances initiative aims to develop
better built more durable products and then provide guidance to those procuring and
designing appliances.
Table 13 Organisation specific durability related test methods
Organisation

Source / document

Test specification

Miele

"Our quality pledges"
document

Ovens:

(download available on various
company websites, including
Australia, India, Canada
website)
Miele

"Miele Quality" on fridgefreezers
(UK company website - not
found on other ' local' Miele
websites)

Door hinges - opening and closing 24 000 times
Enamel trays - various scourer tests 100 000 times
Ovens - run for 4 000 operating hours (4 hours per
week)
Fridge freezers:
Compressor - run for 50 000 hours (equivalent to
17 years average daily use)
Doors - opening and closing 100 000 times
(equivalent to 15 times a day for more than 18
years)
Doors - tested to withstand opening with up to 66
pints of milk in the door shelves.15

International
Interior Design
Retailer

Email correspondence
(we requested more detail for
test procedures)

Refrigerators:
Automated test equipment that opens/shuts the
door to what is considered to be “standard use” of
different household composition (single, couple,
family with 2x children, etc). Log the internal
temperatures and test critical components like the
door hinges and compressor.

15

This claim from Miele should be considered as an extreme case only relevant for very large fridges. 66 pints weighs approximately 37.5 kg,
about half the mass of a medium adult. If this was in 1 litre boxes with a 7 cm x 7 cm base, it would require 2.6 metres of shelving in the door. This
would require about 6 shelves 0.45 m wide making the door about 1.8 m high if the shelves were only 30 cm apart. This is feasible but usually
fridge door shelves are no closer than 35 cm in height.
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Organisation

Source / document

Test specification

Chinese
Retailer

Intertek client

Refrigerators and freezers:

Email correspondence

Ambient: 25±2℃
Set rated voltage
Pre-condition the sample
Select lowest temperature setting
Power 'on' continuous - usually for 10 days
Oven

Oven
manufacturer

Door Operation - to check the reliability of the hinge
and door interlock systems.
This test opens and closes the door to its full
opening range 6 times per minute for 150 000
operations and is based on BS EN 60335-225:2002 + A11:2010 Clause 18.
Performance of the appliance is measured before
the test starts and then again at test end and the
measurements are compared.

ASHRAE

WRAP16

Technical Committee 8.9
Handbook Chapter 49

Refrigerators:

Specification and guidance for
improving durability

Fridge Freezers:

Critical component
specification

Heavy usage testing (although not generally in
standards) is almost always done by manufacturers
(to their own procedures). Typically with lots of
door openings in high temperature and high
humidity to see if the defrosting systems copes and
recovers.

Thermostat and electronic controls
Physical specification (minimum requirements)
- negative temperature coefficient (NTC)
thermistors to be used
- soldered connectors
-easily removable/replaceable thermostat and all
PCBs
- additional design requirements
Performance requirements (maximum
requirements)
Environmental testing including:
- EN60068-2-6:2008 Test Fc: Vibration
(sinusoidal);
- EN60068-2-64 Test Fh: Vibration, broadband
random for vibration resistance for circuit boards;
- EN60512-6-4 Connectors for Electronic
Equipment - Tests and Measurements - Dynamic
stress Test 6d: Vibration (sinusoidal)
Door and door seals
- replaceable seals
- antibacterial coating
- 30 kg door loading capability*
- minimum 38 000 opening and door slams*
* Test method: 10 units - 100% pass rate, minimum

16

http://www.wrap.org.uk/content/extending-electrical-product-lifetimes-specifications-and-buying-guides and
http://eproducttechguide.wrap.org.uk/
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38 000 door open and closing, 30kg loaded evenly
across door shelves without damage, failure or
significant deflection or sag (>2mm in any direction)
to door, hinges or shelves.
For a higher specification appliances WRAP
suggest 49 000 and 60 000 door opening tests
representing longer lifetimes.
Compressor
- easily repairable
- minimum 21 000 hours operation*
*Test method: 10 compressors, operated for at
least specified hours of normal fridge-freezer (i.e.
simulated cycling on and off load, 15 times every
simulated 24 hour period, i.e. on-off every 1.6 hour
with short e.g. 2 minute break, at 20°C ambient.
Without failures or reduced performance in 100%
of cases
For higher specification appliances, WRAP suggest
27 000 and 33 000 hour operation representing
longer lifetimes
WRAP

Specification and guidance for
improving durability
Critical component
specification

Microwave ovens
Door interlock
Safety standard EN60335-2-25 specified door
open/close cycles for 100 000 times.
Safety standard EN60335-1 requires switches to
operate >10 000 cycles

2.1.2.1 First standard for extended product life?
The standard produced by the Austrian Standard Institute17 "Label of Excellence for durable,
easy to repair electrical and electronic appliances" ONR 192102 was published in October
2014. This is an update of the previous original version published in 2006 (ONR 192102:
2006 09 01).
This standard has been produced to encourage the inclusion of resource efficiency into the
Ecodesign Directive, and as such represents the first formal effort at industry standards level
to enable and create a measurable approach to durability and to repair. It suggests a
labelling system with three levels of achievement based mostly on reparability criteria. The
standard includes white goods (such as washing machines and dishwashers) and brown
goods (such as televisions and DVD players). The aim is to consider reparability to ensure
products are not discarded sooner than is necessary as the result of a fault or inability to
repair a fault. The types of requirements include criteria such as those listed below. This list
is not the full list of criteria from the standard but does illustrate the general intention of the
standard. For durability, the references to service life and facilitation of regular maintenance
are most relevant.

17



Accessibility of component for troubleshooting during the repair work.



Major parts of the product should be able to be disassembled without special tools. If
special tools are still necessary, it must be readily available (not only for authorized
workshops).

https://www.austrian-standards.at/en/home/
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Clearly visible attached warnings on sensitive components.



The achievable service life with average total consumption intensity of the
device must be at least 10 years.



Reference to regular maintenance should be presented in the manual.



In case of failure of non-essential components for the primary operation (e.g.,
displays, signal tones) the essential task of the product should still be feasible and
the functional capability at a low level should be possible.



The instructions for the operation of the appliance should be easily readable,
understandable (e.g., self-explanatory).and as simple as possible.



Easy access to the software and current updates (if updatable) for all repair shops
(not only for authorised workshops).



Other properties that identify the device as being particularly easy to repair.



Instructions for resetting error codes for all repair shops (not only for authorised
workshops).

The standard will facilitate a voluntary labelling scheme.
2.1.2.2 European Standardisation
CECED is already involved in work within the European Standardisation Organisations to
assess the feasibility of standards for recyclability, reusability, recoverability and durability
following the request of the Commission towards CEN/CENELEC Ecodesign Coordination
Group18. The European Commission is drafting a mandate that would request CEN and
CENELEC to develop Harmonized Standards on:
 Requirements on generic standards on reusability/ recyclability/recoverability (RRR)
indexes by mass;



Requirements on generic standards on reusability recyclability/recoverability (RRR)
indexes by environmental impact;



Requirements on generic standards on the durability of products or some of their key
components;



Requirements on generic standards on measuring the time for the reversible
disassembly, substitution and re-assembly of key components of products;



Requirements on generic standards on measuring the dismantling time of products
(or of its components) at end-of-life.

Those standards would be specific to a group of products targeted by the Ecodesign policy of
the EC (potentially over 30 product groups), and would have to be developed within 3 years
after CEN and CENELEC accept the mandate.
According to CECED, the Commission wishes the following durability aspects to be covered
by the requested standards:




Develop standard methods for measuring / testing the durability of products and/or
their ease of maintenance and repair (and/or their critical components) (horizontally
and/or product specific). In the context of ICT products, attention could be given to
aspects such as open interfaces, modularity and backwards compatibility.
Identification of critical components within a product that influence its durability (this
might require product-specific standards).

18

Standardisation request addressed to the European standardisation organisations on standards concerning material efficiency aspects in
support of the implementation of Directive 2009/125/EC establishing a framework for the setting of Ecodesign requirements for energy-related
products
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Definition of a method to define acceptable performances of durability of products
(and/or their critical components), integrating technical, environmental, economic and
consumer aspects.

As a draft, the EC mandate was voted on in autumn 201419 .The outcome has not been fully
communicated but there may be an issue regarding the timeline for the standard
development being too short. Prior to the vote CEN-CENELEC felt that there are a lot of
points that still need to be clarified in terms of the content of the mandate.

2.1.3 Ecolabel schemes
A small number of other policies in the EU and elsewhere make reference to durability
requirements for the two product groups covered by this project.
Details are provided below, but in most cases the durability issue is addressed by the
provision of spare parts for around 10 years after the end of production of an appliance, to
enable repairs to be made.
Only the scheme in Thailand requires actual durability performance testing for refrigerating
appliances.
2.1.3.1 Refrigerators
EU Ecolabel
Commission Decision 2004/669/EC established revised ecological criteria for the award of
the Community ecolabel to refrigerators. Clause 4 – Life time extensions stated:
“The availability of compatible replacement parts and service shall be guaranteed for 12
years from the time that production ceases.”
The applicant had to declare compliance with this requirement. The ecolabel for refrigerators
was prolonged until 31 May 2008 by Commission Decision 2007/207/EC, but it was not
prolonged further or replaced after that time.
Nordic Ecolabel
Nordic Ecolabel criteria version 5.5 valid 29 May 2008 to 31 July 2014 established ecological
criteria for the award of the Nordic ecolabel to refrigerators and freezers. Criteria R15 Life
time extension, stated:
“The availability of compatible replacement parts and service shall be guaranteed for 10
years from the time that production ceases".
The applicant must certify that this requirement is fulfilled.
Blaue Engel - Germany
Blaue Engel20 Refrigerators and Freezers RAL-UZ 138 dated February 2013 under clause
3.6 Longevity states:
“The applicant undertakes to make sure that the provision of spare parts for appliance repair
is guaranteed for at least 10 years after the end of production. Spare parts are those parts
which, typically, may break down within the scope of the ordinary use of a product – whereas
those parts which normally exceed the life of the product are not to be considered as spare
parts.”
The applicant must declare compliance with the requirements.

19
20

Vote was due October 2014
translated and often referred to as "Blue Angel"
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Green Label - Thailand
The Thailand Green Label for refrigerators and fridge freezers requires, amongst other
things, endurance testing of the door(s); it specifies opening and closing them wider than 45º
not less than 100 000 times. However, there is no detail for the test method; for example, no
loading specification given in the TGL-3-R2-02 criteria document. It is assumed that the test
method is similar, if not the same, as the European standard as some of the test description
is the same.
The compressor and the whole product must also meet the requirements of the electrical
safety standard IEC 60335-2-24. This is the same specification required in Europe for LVD
compliance and safety marking - see Section 2.1.1.
The scheme is mentioned briefly on the Thailand Industrial Standards Institute website, in
cooperation with the Thai Environmental Institute21, but there is no obvious detail for the
testing requirements.
Test laboratories accredited to ISO 1702522 are listed on the website for applicants to
contact.
According to the list of accredited products, updated May 2013, there are no refrigeration
appliances listed.
2.1.3.2 Sustainability Standard for household refrigeration appliances - North
America
The US and Canadian appliance industry23 has produced a non-consensus standard as a
first step in a broader product sustainability initiative. AHAM 7001/CAS SPE-7001/UL7001
provides a holistic approach to assessing environmental impacts and details criteria against
which appliances can be scored. It aims to provide information to consumers and drive
innovation and improvements in the sustainability performance of home appliances.
Refrigeration appliances are evaluated for the following six attributes:


materials;



energy consumption during use;



manufacturing and operations;



product performance;



end of life; and



innovation (optional).

A total score of 100 is available when the points for all attributes are added together. A
minimum of 60 points is required for an appliance to be considered as having some level of
recognised environmental performance. The appliance must also meet ENERGY STAR®
performance criteria within the energy consumption during use attribute.
This initiative covers wider aspects than the actual appliance such as corporate and
manufacturing issues, but does not include any lifetime or durability considerations.
2.1.3.3 Ovens
Blaue Engel – Electric Ovens
Blaue Engel Electric Ovens for Household Use RAL-UZ 143 dated January 2010 under
clause 3.3 Longevity states:

21

www.tei.or.th/greenlabel
ISO 17025 is the standard that laboratories are accredited against to indicate competence to carry out certain tests.
23
The Association of Home Appliance Manufacturers (AHAM) and Canadian Standards Association (CSA) along with the Underwriters
Laboratories Inc. (UL) collaborated to produce the Standard
22
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“The applicant undertakes to make sure that the provision of spare parts for appliance repair
is guaranteed for at least 10 years following the termination of production. Spare parts are
those parts which, typically, may break down within the scope of the ordinary use of a
product – whereas those parts which normally exceed the life of the product are not to be
considered as spare parts. Aesthetic components shall be exempt from this requirement.”
The applicant must declare compliance with the requirements.
Blaue Engel – Domestic Gas Cookers
Blaue Engel Domestic Gas Cookers and Gas-Fired Cooking Appliances RAL-UZ 139 dated
September 2011 under clause 3.4 Longevity states:
“The applicant undertakes to make sure that the provision of spare parts for appliance repair
is guaranteed for at least 12 years following the termination of production. Spare parts are
those parts which, typically, may break down within the scope of the ordinary use of a
product – whereas those parts which normally exceed the life of the product are not to be
considered as spare parts. Aesthetic components shall be exempt from this requirement.”
The applicant must declare compliance with the requirements.

2.2 Product life times
An investigation into product lifetimes has also been carried out, as this directly links to a
product’s durability – ‘the longer a working lifetime, the more durable the product’ can be
taken as an inferred relationship. There are a number of different approaches that can be
taken to review expected product lifetimes, and these include consideration of consumer
expectations, consideration of product guarantees given by manufacturers and consideration
of the repairs that manufacturers carry out while the products are within the guarantee
period.

2.2.1 Consumer expectations and product life
Consumer expectations vary considerably as to the length of time an appliance should last.
This is probably due to the fact that the lifetime of a product is not just down to its design and
durability, but also to the different consumer habits and usage patterns.
In a qualitative survey24 of 115 participants, by WRAP, the average expected lifetime of a
cooker was 5-7 years and a fridge 7-10 years. This survey did not represent the UK
population and, although not statistically reliable, it illustrated big differences between
maximum and minimum expectations. Participant responses for cookers ranged from around
2 years to 20 years, and similarly for fridges anything from 4 years to 20 years was recorded.
A WRAP study25 found that consumers expect refrigerators to last for 8 years on average.
However, around 50% of refrigerators purchased in 2012 were replacing an existing
appliance under 8 years. In 77% of cases, the reason for the replacement was that their
previous appliance had broken down or was unreliable.
In the appliance market, Miele promotes itself as being ‘legendary’ when it comes to the long
life of its appliances26. Its Sustainability report states:
"Miele is the only manufacturer in the industry that tests all appliances for 20 years
product life"
Miele claim their fridge freezers are tested to last 15 years.27
Information provided by BSH suggested that statistics show that average appliance lifetimes
are already at a very high level: 19 years for ovens and 15 years for refrigerators.28
24

SMPT09_065 Public Understanding of Product Lifetimes and Durability, A Report for Defra
WRAP Switched on to Value 2013 page 6
26
Miele Sustainability Report 2013 page 24
27
Miele UK website "Miele Qualtity" www.miele.co.uk/fridge-freezers/
25
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According to the ASHRAE Handbook, refrigerators and freezers are expected to last 15 to 20
years.29
Consumers assess a product lifetime through the length of the manufacturer's guarantee.30
In a WRAP survey respondents said that they would trust a guarantee, inferring that a
manufacturer's guarantee is a show of faith in their product’s reliability. Consumers rate
reliability, quality and how long a product will last above other characteristics when looking to
purchase a new workhorse appliance. The WRAP research also suggested that over 80% of
survey respondents want a minimum two-year guarantee as standard.
The preparatory study for Ecodesign measures for refrigerating appliances31 found the
average age of the main refrigerating appliance in homes across Europe varied only slightly
by country; the lowest was in the UK with an average age of 5.1 years and highest in
Sweden and Finland at 6.8 years. There was no information on the age of the appliance at
the time of disposal.
For cookers and ovens, the preparatory study32 for the Ecodesign measures suggested the
average lifetime is 19 years.
Cooking appliances are an example where it is difficult to define the lifetime in years for
product endurance purposes, because of the variation in consumer use. Any durability or
lifetime requirement needs to consider the "number of cycles" or hours rather than average
number of years.

2.2.2 Product guarantees
The EU gives the consumer a right of repair or replacement or if not realistic a reduced price
or a refund for defects within a two year period33. Sellers of consumer goods within the EU
are obliged to guarantee the conformity of the goods with a contract, for a period of two years
after the delivery of the goods34.
The EU Directive 2011/83/EU of 25 October 2011 on consumer rights35, which replaces the
Directive 1999/44/EC on certain aspects of the sale of consumer goods and associated
guarantees, aims to strengthen consumer rights and particularly considers distance selling,
including online sales. The new Directive still stipulates the provision of a two year guarantee
by the seller.
The relevance of guarantees and warranties here is that the level of guarantee and any
additional provision from the manufacturer or retailer could give some indication as to the
confidence they have in the durability of an appliance. Manufacturers offer guarantees with
new products which typically cover the repair or replacement of the product if it breaks down
after purchase. Sometimes free extended warranties, typically for parts only and not covering
the cost of labour, are offered for an additional one or two years to encourage the purchaser
to register their purchase with the manufacturer. The ownership data can be valuable in the
case of a manufacturer having to undertake a product recall or rework if a problem is found
with one of the components. There is usually a cost to the consumer associated with
extended warranties and the warranty can be viewed as a type of insurance against
breakdown. Consumers are often encouraged by retailers to buy the additional extended
warranties to give them ‘peace of mind’ against future possible breakdowns.

28

Feedback from BSH (Bruno Vermoesen) following the project Durability Workshop in November 2014
ASHRAE Technical Committee 8.9. Handbook Chapter 49 page 3
30
WRAP Switched on to Value 2013 page 5
31
ISIS Preparatory Studies for Eco-design Requirements for EuPs Lot 13: Domestic Refrigerator & Freezers, Final report Tasks 3-5 December
2007 (http://www.eup-network.de/product-groups/preparatory-studies/completed/)
32
BIO Intelligence Services Preparatory Studies for Eco-design Requirements for EuPs (III) Lot 22 Domestic and commercial ovens, Task 3:
Consumer behaviour and Local infrastructure, August 2011 (http://www.eup-network.de/product-groups/preparatory-studies/completed/)
33
David Saunders, lead officer for civil law, UK Trading Standards Institute
34
http://ec.europa.eu/justice/consumer-marketing/rights-contracts/sales-guarantee/index_en.htm accessed 20 October 2014
35
The Directive came into force in 13 June 2014
29
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Retailers occasionally offer longer guarantees on all their products of particular type because
they believe they have selected the most reliable, for example John Lewis36 in the UK:
“We always honour the manufacturer's guarantee period where offered; in addition to
the first year manufacturer’s guarantee on all electricals, we provide a second year
service guarantee at no extra cost. On John Lewis own brand large electrical
appliances (except microwaves), the guarantee is for a total of 3 years, and 5 years
on all TVs.”
Extended warranties usually include a list of events which are excluded from the coverage;
these may include things such as clearing the water drain in a refrigerator which the owner
should be expected to do themselves. The terms of the warranty may vary depending upon
the appliance and the provider of the warranty, which may be the manufacturer, retailer or a
warranty company.
The offer of longer warranties such as lifetime or 5 years appears to be more prevalent as
manufacturers look for a competitive edge and as a demonstration of quality.
A minimum warranty period might be a simple and flexible way of ensuring a certain average
minimum life time of a product and allow manufacturers to meet that according to their own
expertise.
Table 14,Table 15 and Table 16 below show the guarantees offered to UK consumers37 by a
range of major brands that go beyond the required two-year guarantee, for standard fridgefreezers, built-in ovens and cookers. There are brands still offering one year on websites, but
as a manufacturer they would have to offer a two-year guarantee if consumers were
purchasing directly from the manufacturer.
Table 14 Manufacturer and retailer guarantee statements for fridge-freezers
Brands

Manufacturers guarantee period

Panasonic

Not stated, running a promotion for 5 years’ guarantee for products bought
between April and June 2014

Samsung

2 years, with 10 year parts only warranty on digital inverter motors

Gorenje, Siemens

5 years depending on model

John Lewis

3 years

Grundig

5 years

Ikea

5 years (2 years Lagan brand)

LG

10 years for some compressors and 2 years for the rest

Haier

12 year for compressors on A++ range, lifetime warranty on compressors for
some models

The following brands were only stating a one year guarantee on UK websites for fridgefreezers in 2014; Beko, Haier, Hoover, Hotpoint, Lec, Smeg, Whirlpool, Zanussi.
Table 15 Manufacturer and retailer guarantee statements for built-in ovens.

36
37

Brand

Manufacturers guarantee period

Blomberg, John Lewis

3 years

Ikea

5 years (2 years Lagan brand)

http://www.johnlewis.com/customer-services/information-about-shopping-on-johnlewis.com, accessed 21 May 2014
June 2014
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Smeg

2 years standard, running a promotion for 5 years

The following brands were only stating a one year guarantee on UK websites for built-in
ovens in 2014; Beko, Belling, Hoover, Hotpoint, Hygena, Indesit, New World, Stoves,
Whirlpool, Zanussi.
Table 16 Manufacturer and retailer guarantee statements for freestanding cookers
Brand

Manufacturers guarantee period

John Lewis

3 years

The following brands were only stating a one year guarantee on UK websites for
freestanding cookers in 2014; Beko, Belling, Cannon, Hotpoint, Indesit, Leisure, New World,
Stoves, Zanussi.
Table 17 below, shows a range of examples of different guarantees, greater than the
European requirement, that were found offered by retailers and manufacturers across
Europe.
The prevalence of particular offers on built in appliances found in the Netherlands suggests
that guarantees may be being used as a competitive marketing tool.
Table 17: Examples of guarantees offered across Europe
Company

Type

Country

Guarantee period

Elektrabregenz

Manufacturer

Austria

Standard 2 years but 5 years if you
register online for selected Blomberg
products

KuechenFuxx

Retailer

Various

5 year guarantee on all electrical
appliances (brands sold include: Miele,
Siemens, Leonard and Liebherr
refrigerators)

Kuechenblick

Miele
appliance
retailer

Various

5 year guarantee

Electrolux

Manufacturer

Italy

5 year guarantee

Elettrodom

Retailer

Italy

5 years guarantee on Liebherr

Italy

Some Siemens products being
promoted with 10 year guarantees

Siemens
Bauknecht &
Whirlpool,
Bosch, Smeg

Manufacturers

Netherlands

5 year guarantee if 4 or more built-in
appliances bought

Zanussi

Manufacturer

Netherlands

5 year guarantee if 3 or more built-in
appliances bought

Elkedjan

Retailer

Sweden

selected brands for 3 or 5 years

2.2.3 Chinese lifetime recommendations
Chinese standards do not have any minimum requirement for appliance durability with the
exception of requirements for lighting products, i.e. lamps. However, there is a recommended
standard for the maximum operational time for different appliances. Manufacturers are
required to declare their products' normal operational lifetime based on the "Safe use of
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household appliances regulations"38. Within this period, if any safety accidents occur, it is the
manufacturer's responsibility. Examples of the requirements are 8 years for washing
machines, 12-16 years for a fridge, 10 years for a rice cooker or microwave and 8 years for a
gas cooker39. This requirement covers safety requirements and is not a quality warranty;
although a manufacturer may state for example 10 years for operational safety, they may
only provide a warranty for 3 years. It would appear that some of the rationale behind the
lifetime specification is to prevent older appliances posing a risk to consumers or over
consuming energy due to worn components. Suggestions are made that a fridge over 10 or
12 years will result in poor cooling capacity due to a decline in the compressor performance
as well as high power consumption and noise. Additionally, old material can more easily
provide a breeding ground for bacteria and pose a threat to the health of users.

2.3 Reasons for failures
It is difficult to find reliable figures regarding the reasons that domestic refrigerators and
ovens fail and need repairing during the first few years of their use. If an appliance stops
working or has a problem which impacts on the service from that appliance and the
appliance is outside of the guarantee and/or extended warranty period, it usually requires the
owner to make a considered choice about whether to have it repaired or to have it replaced.
The consumer organisation Which? surveyed40 some of their members to find out reasons
why their appliances failed or they had problems, and these have been compared to
information available to consumers on the UK Whitegoods website.41 WRAP has also
compiled information regarding reasons for product failure,42 but admits that there is little
published data on this subject. It should also be borne in mind that these are failures of
existing products used in people’s homes. The failure rates and types for newer products and
those which are bought in the next few years may be different to historical failures as the
nature of the products evolve. For example, there has been a large increase in the proportion
of frost-free appliances sold in the UK over the last 10 years. There has also been a change
in the energy efficiency requirements for cold appliances which may have led to physical
differences between old and new products that could affect some of the reasons for failure in
future. Technical advances are always being introduced which may affect appliance
durability. For example, LG has been promoting an inverter linear compressor for its
refrigerator range which, amongst other things, is claimed to have improved durability.43 LG
is offering a 10 year warranty on this component.
Manufacturers and retailers were consulted for the purpose of this research but due to the
sensitivity of the information it has been difficult to come up with specific detail. Some
European manufacturers have chosen to direct their information via the trade body
CECED44. Direct correspondence with CECED requested information on what components
are the earliest and most frequent to fail, and also any durability test methods used by the
industry.

2.3.1 Refrigerators
Refrigerating appliances use a range of critical components in order to deliver their main
function of keeping food cold. In some circumstances, it may be difficult to identify the cause
of a problem by looking at the symptom; it could be one of a range of component failures. In

“Safe use of household appliances life Regulation” Chinese Standard 360doc, 2013,
www.360doc.com/content/13/0309/19/2280746_270422817.shtml
39
Senior Technical Associate, China Programs. CLASP (www.clasponline.org/en.aspx)
40
Repair or replace? Which? magazine May 2014 page 36
41
http://www.ukwhitegoods.co.uk/ accessed May and June 2014 (hosted by the UKWhiteGoods association, the trade association for independent
appliance repairers)
42
WRAP Guidelines for Extending Product Lifetimes http://www.wrap.org.uk/content/extending-product-lifetimes-summary-fridge-freezers
accessed 11 June 2014
43
Electrical Retailing magazine April 2014 page 10
44
European Committee of Domestic Equipment Manufacturers
38
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addition to technical failures that affect the appliances function, there may be other faults that
are only cosmetic or inconvenient.
2.3.1.1 Which? members information
The consumer organisation Which? stated that fridge-freezers are not as reliable as
standalone fridges or freezers. However they still found fridge-freezers to be generally
reliable and not prone to breaking down or developing faults. The most common fridge and
fridge-freezer problems were:


Build-up of ice in the fridge



Drawers or units broken or cracked



Blocked drain or outlet



Water in the bottom of the fridge

For freezers, the list of problems included, in addition to the problems found on fridges and
fridge-freezers:


Door handle cracked or broken



Not running at correct temperature



Build-up of ice in the frost-free freezer

All of the above problems could be annoying to a consumer, but only the problem of the
freezer not running at the correct temperature is likely to cause problems with food storage
that lead to food spoilage and then wastage or possible illness. With the exception of the
temperature problems, the appliances are otherwise in working order and continue to deliver
a service to the consumer. The faults may, however, become so annoying that the consumer
decides to repair or replace the product. If the repair is not thought to be cost-effective, then
the appliance will be replaced, even though it continues to work.
2.3.1.2 Ecodesign preparatory study
The ENER LOT 14 study for eco-design policy stated the most common problems that were
raised concerning fridge break downs were problems with the thermostat sensor and the
electronic circuit board. In addition, issues with the compressor are quite common, as the
valves are often not strong enough or the compressor can become burnt due to a lack of
internal thermal protection. Other common causes of breakdowns included leaks in
refrigerant fluid, blown out resistors and breaks/cracks in the rubber seals of the doors.45
2.3.1.3 UK Whitegoods failure diagnosis
The UK Whitegoods website has advice for consumers with some of the problems
highlighted by Which? and helps identify the possible causes. For the full description of the
advice see Appendix 5.
Ice in fridge or freezer compartments
 Build-up of ice inside a freezer, the fridge section of a fridge freezer or fridge with an
icebox can be caused by a faulty door seal. Seals can wear and become damaged
as the appliance ages. Seals can also be misaligned if the door opening orientation
is changed and the alignment is incorrect. On integrated appliances the outer
furniture door may not align properly and stop the appliance closing properly.46


Solid ice in chest freezers/ US style fridge freezers is likely to be water that has
leaked and frozen inside the compartment: faulty pipework. (US type fridge freezers
are often plumbed into mains water).

45

Reeuse Investigation into the repairability of Domestic Washing Machines, Dishwashers and Fridges www.rreuse.org
(http://www.rreuse.org/t3/fileadmin/editor-mount/documents/200/RREUSE_Case_Studies_on_reparability_-_Final.pdf)
46
http://www.ukwhitegoods.co.uk/help/fix-it-yourself/refrigeration-self-help/2787-iced-up-fridges-a-freezers.html accessed 11 June 2014
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Ice build-up in frost-free appliances can be due to ice on the evaporator not
defrosting fully so that it blocks the air passage. Faulty thermistors may lie at the root
of this problem. Defrost heaters and their controls can also fail47.

Broken drawers, shelves, hinges and handles
 These may result from accidents/consumer misuse. However, poor selection of the
materials chosen for the storage compartments and hinges and handles can lead to
damage in normal use.
Appliance integrity
 Appliances should be able to be moved and levelled with adjustable feet. Faulty
rollers will make the box difficult to move, poor quality of the box materials and
construction may mean it distorts, which may lead to problems with the door seal and
thus ice inside the appliance48.
Blocked drain or outlet
 Water leaking from the inside of the fridge or pooled at the bottom of the fridge
results from the defrost cycles of a ‘self-defrosting’ fridge where the defrost channel
at the back or bottom of the appliance has become blocked by small particles of
food, dust or mould. The drain hole may also be too narrow for the amount of water it
is required to drain. The plastic may have an unsuitable surface which encourages
the trapping of particles or the growth of mould which block the hole.
Incorrect temperatures
 Appliances may fail to cool because of the compressor and related components
having problems, the thermostat failing, the electronic controls failing or the
thermistor breaking. Compressors burn out because they are overloaded.49


Cooling problems may also be the result of inadequate space at the back of the unit
for the condenser to operate properly. Some appliances are fitted with spacers to set
the correct distance from the wall; others require the consumer to fit them.



Failure of fans that circulate the cold air can also lead to inadequate cooling.



Very rarely, poor cooling is associated with the refrigerant leaking from the appliance
which occurs through poor quality pipework or if the exposed pipes are not supported
properly causing a joint to fail.



Appliances can also over-cool from a faulty thermostat, failed insulation or a
blockage in the gas system.

Not listed by Which? or UK Whitegoods as an issue, but identified by WRAP’s work on failure
points in cold appliances, the internal light bulb may sometimes fail due to the cycling of the
operating cool temperatures. Traditionally bulbs were incandescent or halogen but
increasingly manufacturers are installing LED lights and these may fail less frequently
because the temperature changes are less marked.
Although not mentioned often or suggested as a common cause of product rejections, but
highlighted above in the UK Whitegoods information, some sources also consider the cabinet
strength; whether the outer body of the appliance can withstand distortion. This may be an
issue for shipping. No information has been found but there may be a proportion of
appliances that never make it to consumer homes, or require immediate replacement due to
damage during shipping. This type of failure does not come up as a durability issue as it is
prior to any consumer use, although this type of durability may become an issue if there is
47

WRAP Guidelines for Extending Product Lifetimes http://www.wrap.org.uk/content/extending-product-lifetimes-summary-fridge-freezers
accessed 11 June 2014
48
WRAP Guidelines for Extending Product Lifetimes http://www.wrap.org.uk/content/extending-product-lifetimes-summary-fridge-freezers
accessed 11 June 2014
49
WRAP Guidelines for Extending Product Lifetimes http://www.wrap.org.uk/content/extending-product-lifetimes-summary-fridge-freezers
accessed 11 June 2014
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subsequent moving of an appliance due to moving house or moving the location of the
appliance.
2.3.1.4 UK retailer repair records
During the course of the research undertaken here, a UK electrical appliance retailer was
able to share some of their repair records. The data was raw and so some general nonstatistical analysis was carried out. For 40% of the service calls, the parts purchased were
noted. Due to the nature of the records, not all incidents were consistently coded and only
the first replacement component was reviewed, but this information gives some general
confirmation of the approach of repair agents. The repair report covered January 2013 to
May 2014. Where listed, the types of spare parts supplied were considered and the main
components requiring attention or replacing reviewed.
For all refrigerating appliances, a new thermostat or re-gassing stand out significantly as the
initial action taken for the repair. Information was reviewed for the reports for the 5 850 call
out or service calls where spares were required. Of these around 19% required a thermostat
and 17% required re-gassing. Around 28% of cases were in relation to the fridge or freezer
compartment shelves, baskets, door racks and salad drawers. These components were
either missing or damaged, in transit or through wear. Compressors were required for 4% of
replacement part requests, defrost system components (heaters, sensor or timers) were
required in just under 4% and door gaskets for 3%.
This analysis is very rudimentary and should only be taken as a general confirmation of other
information sources. It is useful to observe what components were repaired but excludes
information on where appliance or component failures were terminal.
2.3.1.5 European service engineer information
RREUSE50 has provided information on its website to highlight issues that its member repair
agents face when trying to repair an appliance. These issues are relevant in preventing the
early disposal of an appliance that could otherwise be repaired and have an extended life.
The key issues they highlight for refrigerating appliances are:


thermostat faults



compressor faults



internal leaks



board (circuit) faults



door seals - most modern models require a whole new door if the seal splits.

2.3.1.6 Refrigerators - key components
For the purpose of identifying key components that can be considered for durability testing,
the following are identified from the information gathered and the symptoms listed above.

50



Thermostat (control)



Compressor



Defrost heaters (and controls)



Door seal



Thermistors (control)



Door hinges



Fan motors

RREUSE is a European umbrella for social enterprises with activities in reuse, repair and recycling
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Compressor failures may be due to other components failing which results in the compressor
working too hard and burning out.
According the UK Whitegoods Association, from a mechanical point of view, the components
listed above that are most likely to fail are thermostats or sensors, door hinges, fan motors
and compressors.51
2.3.1.7 Refrigerators - Refrigerant gas leakage
An expert from the Institute of Refrigeration52, consulted as part of this research, suggested
that refrigerant leakage is a significant appliance failure, However, these leaks are probably
below the Helium leak testing limit that all large reputable manufacturers are likely to carry
out, along with pressure testing, prior to adding the refrigerant.
Gas leakage as a product failure is potentially more difficult to address in the approach being
taken here, which considers components. It is more of a system failure to do with the
construction and combination of component parts and quality control.
2.3.1.8 Refrigerators - Design and user issues
Design aspects may also affect the functioning and failure of an appliance:


Defrost hole and pipe (narrow or rough material cause blockages)



Inferior materials for fittings such as shelves and supports



Inadequate spacers provided or fitted for air circulation

These design issues (that can affect the durability of an appliance) could be addressed
through general specifications for appliances rather than a durability test for components.
This is further discussed in Task 3 looking at generic durability requirements. Some of these
design issues may not in themselves cause an appliance to fail, but lead to stresses on other
components that could result in earlier failure. Additionally, inferior design may lead to a
negative attitude towards an appliance that could lead to early replacement by the consumer.

2.3.2 Ovens
Domestic ovens also make use of a range of critical components in order to deliver their
main function of heating food. Although they may not be used as frequently as refrigerators,
they have to be able to cope with temperature variations from ambient to high cooking
temperatures followed by cooling again.
2.3.2.1 Which? member information
The consumer organisation Which? found little difference between built-in ovens and
standalone cookers. They found them to be generally reliable and not prone to breaking
down or developing faults. The most common problems were:


Light not working (32% built-in ovens, 9% freestanding)



Door not closing properly (8% built-in ovens, 9% freestanding)



Dials/controls broken (7% built-in ovens, 12% freestanding)

Percentages are the frequency of this fault of those appliances recorded with a fault.
Other problems that have been identified by UK Whitegoods53 include:


Failure of the element



Thermostat failure

51

correspondence with Kenneth Watt June 2014
Judith Evans RD&T
53
http://www.ukwhitegoods.co.uk/help/fix-it-yourself/ovens-hobs-a-cookers/2821-basic-fault-finding-ovens-and-cookers.html accessed 13 May
2014
52
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Units adjacent to oven becoming too hot



Oven cuts out after it has been on for a while



Noise



Glass door breaking



Handles breaking

Problems with the light do not usually stop the appliance working, but the inconvenience to
the user may create a general negative attitude toward that appliance which could contribute
towards early replacement. The door not closing properly can make it difficult to time the
cooking properly and the energy consumption may be higher than usual. It can also cause
the controls to become too hot and the excess heat may be annoying. Failures of the
controls and elements may cause the oven to stop working and often necessitate a repair
before it can be used again.
2.3.2.2 UK Whitegoods failure diagnosis
The UK Whitegoods website has advice for consumers with some of the problems
highlighted by Which? and helps identify the possible causes. For the full description of the
advice see Appendix 5.
Lights fail
Ovens lights are especially made to withstand the high temperatures (tungsten or
sometimes halogen light bulbs). The bulbs often fail and are usually relatively easy to
replace. Halogen bulbs may be more reliable but no comparative information is
available to date.
Door not closing properly
Rollers on the hinge runners are the most likely part to fail, which causes the door
hinges to run off true and then the hinges fail under an excess strain54. An oven door
not closing properly results in uneven cooking, higher energy use and may damage
adjacent units.
Door seals may fail due to age. They tend to degrade but should be easily
replaceable.
Dials and controls failing
Failed controls can mean the oven does not work at all because the changeover
switch which selects the operating mode (commutator) and/or the temperature setting
device do not work. A faulty thermostat or safety thermostat or thermal fuse can
cause the temperature control to cease working.
Element failure
One or more of the oven elements fails. Fan oven elements may be more prone to
failure than standard elements because they are subjected to the stress of the
surfaces being cooled by the fan as well as on/off cycling to maintain the
temperature. A poorly insulated oven and a slow running fan will exacerbate the
cycling problem.55
Thermostat failure
A simple thermostat failure normally results in the oven overheating and food being
burnt. Thermostats are replaceable but care is needed to prevent damage of the gas
filled phial. A failure of the main oven thermostat can result in the oven cutting out
due to the safety thermostat detecting the overheating. A failure of the safety

54

http://www.ukwhitegoods.co.uk/help/fix-it-yourself/ovens-hobs-a-cookers/2821-basic-fault-finding-ovens-and-cookers.html accessed 13 May
2015
55
http://www.ukwhitegoods.co.uk/help/fix-it-yourself/ovens-hobs-a-cookers/2717-why-fan-oven-elements-fail-a-replacement-notes.html accessed
12 June 14.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

73

The Durability of Products: Full Report

thermostat may be difficult to resolve due to them often being buried in the insulation
surrounding the oven cavity.
Noise
Noise results from moving parts such as the fan or the fan motor (main and cooling
fan). A misaligned fan motor on a newly installed appliance can result in the fan
blades catching on the casing. Bearing failures in old motors will result in noise and
this wear could result in the fan element failing if it is being overheated by a slower
turning motor.
Glass door breaking
The door overheating may be the cause (due to a failure with the oven itself), or
hotspots and temperature differentials (e.g. from hot dishes on the glass).
2.3.2.3 UK retailer repair records
During the course of the research, a UK electrical appliance retailer was able to share some
of their repair records. The data was raw and so some general non-statistical analysis was
carried out. The repair reports covered January 2013 to May 2014. Spare parts purchased
were recorded in around 45% of the entries. These were looked at and the main components
requiring attention or replacing were thermocouples (8%), knobs and controls (6%),
thermostats (3%), door gaskets or seals (4%), and hotplates (4%). Heating elements,
selection switches and glass lid assembly or hinges also featured at around 2 to 3%.
This information is useful in seeing what components were repaired but excludes information
on where appliance or component failures were terminal. It is also a very basic analysis and
should only be considered to help substantiate information from other sources.
2.3.2.4 Manufacturer information
Correspondence from one oven manufacturer56 during the course of this research has
highlighted door hinges, heating elements and oven lamps as components that give the most
issues. The hinges fail due to the wear when they move. The heating elements fail due to
breakdown in their internal insulation and the lamps due to the elevated temperatures in
which they have to operate.
2.3.2.5 European service engineer information
Although currently unpublished, RREUSE has provided information from investigations with
its members on the common reasons for oven failures. These are:


broken glass, bad aesthetic condition (dirty, rust)



electronic board fault



Poor or no heater (broken heater, thermal safety triggered)



other breakdowns of electronic components often include the fan and lock

2.3.2.6 Ovens - key components
For the purpose of identifying key components that can be considered for durability testing
the following are identified from the symptoms listed above.

56



hinge runners (failure causes hinge damage)



controls (for setting mode or temperature)



thermostat or thermal fuse (affecting temperature control)



oven elements (standard and fan)



fan motor

Manufacturer wishes to remain anonymous
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lamp

The inclusion of the oven lamp as a component to be considered for durability requirements
in this task is debatable as it could be considered as an expected maintenance issue rather
than a repair that affects the lifetime of the whole appliance. However, it is a failure that was
frequently recorded in sourced of information for this research and is considered to be
relevant for consumers' appreciation of an appliance and lifetime expectations.
2.3.2.7 Ovens - design and user issues
During the course of the research, particularly for refrigerated appliances, some design and
user interface issues were identified as areas that deserved attention to improve the
durability and lifetime of an appliance. For ovens, this includes better user information on
correct installation and use of the appliance, and changing light bulbs and reparability. These
aspects are further covered in Task 3, Section 3.5.

2.4 Summary and Conclusion
The aim of Task 2 is to pull together evidence on existing test methods related to durability
and identify which of these could be used to contribute to establishing a viable durability
requirement that can be utilised as part of product policy in the EC context. Task 2 also set
out to consider whether the testing should be at product or at component level.
During the iterative approach to the task research, it was necessary to consider issues
including product lifetimes, guarantees and what the most common failure issues are with the
appliances selected. Consumer expectations of the durability of an appliance may be
informed from the level of guarantees offered by manufacturers, and an alternative or
simultaneous approach to specifying test requirements could be to set longer product
guarantee periods.
The level of information available in the public domain relating to durability testing of products
is confirmed as very low, and this was expected from the outset. While there is
acknowledgement of this issue, as shown by the fridge door test requirement in the Thailand
Ecolabel for refrigerating appliances and by the publication of an Austrian standard for
durability and reparability, specific details and definitions of durability are generally rare. The
only standard found for the appliances considered in this report is the North American range
(cooker) standard that does include some endurance testing of components. Unfortunately,
the same approach is not given in the North American test standard for refrigerating
appliances. It must also be acknowledged that, whilst drawing on existing safety and
performance standards to provide a basis for development of durability tests, these
standards were produced for other specific appliance requirements and therefore need
reviewing as to their appropriateness for durability assessments. In some cases, however,
they provide a basis to consider or build upon.
The test methods that are available for incorporation into Task 3 have been identified.
However, in order to consider durability issues in a wider context, this work has attempted to
identify where the weaknesses in appliance design lie and what components most commonly
fail. This is obviously a sensitive issue for manufacturers and there is not a lot of
substantiated evidence available. From the limited sources accessible, it has been possible
to identify what are thought to be the most common symptoms of an appliance failure, the
key components concerned and hence those components that may be most likely to benefit
from durability requirements.
For both appliances considered, there are some components that cross over, although they
may be different in component design detail, such as door hinges, seals and motors. It may
therefore be possible to produce a durability test method that provides some basic
requirements and then develop test conditions and pass/fail criteria specific to the appliance
type.
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2.4.1 Domestic refrigerating appliances
2.4.1.1 Durability characteristics
A number of sources have been used to inform considerations about the durability of
domestic fridges, fridge-freezers and freezers. Manufacturers, trade associations and
retailers have been consulted, and consumer information from Which? and UK Whitegoods
has been used to feed into this discussion and evidence base, as has consumer
expectations regarding lifetimes and the policy background documents for the Ecodesign
process.
Due to the nature of the appliances in this product group, some basic components are the
same and failure points appear to be similar across all types. Appliances across Europe are
similar in their characteristics and construction, and the majority will contain the components
under consideration here.
The functioning of these types of appliances is dependent on the interaction of several critical
components. A failure to operate correctly may be due to a failure of any of these
components, which is only discernible by servicing or repair agents once a symptom has
been identified by the user.
Refrigerating appliances are on constantly to fulfil their basic function. This means it is not
practical to carry out a continuous use test under normal operating conditions as this would
take too long to be of value. For the purpose of durability testing, it would be more
appropriate to carry out tests on individual components, as it should be easier to subject
them to an accelerated or stress test conditions. If a refrigerating appliance is to be tested as
a fully functioning unit, then it may need to be subjected to less realistic usage conditions in
order to provide some degree of lifetime testing, for example, in a higher ambient
temperature.
There are some characteristics of refrigeration appliances that cause common problems for
consumers and that could be addressed through generic requirements on design and
construction. These include the internal drain hole and the pipework at the back of the
cabinet for draining defrost water and provision for replacing the door seal. Once best
practice has been identified for these areas, this could be specified as being a minimum
requirement for all domestic refrigerating appliances. These design issues are addressed in
the draft "Specification and guidance for improving durability" produced by WRAP57.
Similarly, there could be generic requirements for the design and construction of an
appliance to facilitate access to parts and reparability, as highlighted by the proposed
Austrian standard. Clear instructions to preserve the life of an appliance could also be
specified to encourage consumers with regular maintenance. These aspects are further
considered in Task 3 Report Section 3.5.
2.4.1.2 Existing methodologies
The majority of the European safety standards that relate to the components used in
refrigerators are already a requirement for the purposes of LVD compliance for refrigerating
appliances within Europe. However, these standards do not cover all the component parts
that have been identified as the main failure points. Where there are already existing
minimum performance expectations stipulated, additional more onerous requirements could
be considered for the purpose of enhancing the durability end point.
Table 18 below lists the key components identified as being the most frequent to fail and also
where test methods have been identified for domestic refrigerating appliances. Proposals
and greater detail can be found in the Task 3 report.

57

WRAP have been producing documents for brand and retail technical managers, buyers and supplied to assist in the procurement of, and
building of durable fridge freezers.
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2.4.2 Ovens
2.4.2.1 Durability characteristics
To consider domestic ovens’ durability, manufacturers, trade associations and retailers have
been consulted, consumer information from Which? and UK Whitegoods has been used, as
has consumer expectations regarding lifetimes and the policy background documents for the
Ecodesign process, to feed into this discussion and evidence base.
Unlike refrigerators that are constantly functioning, an oven’s function is used only for a few
hours a day possibly, so its durability could be considered through whole product accelerated
testing in order to carry out lifetime-type tests in a considerably shorter period of time.
Whilst complete appliance testing may be possible due to the relative simplicity of the
operation of ovens, individual component testing actually offers a more focussed testing of
key features and is more relevant for manufacturers who are likely to put the same
component in a range of products.
For ovens, there may be some elements of design or recommendations to consumers that
could be included as generic requirements, as with refrigerators. Providing consumers with
oven appliance care and safety information could be considered, such as warnings regarding
safety of glass in oven doors. In addition to the instruction books, stickers could be applied
warning of possible consequences of oven door temperature shocks, which could be
removed after installation. Requirements on the construction of an appliance to facilitate
access to parts and reparability, as highlighted by the proposed Austrian standard, could also
be considered. Clear instructions to help preserve the life of an appliance could be specified
to encourage consumers with regular maintenance.
2.4.2.2 Existing methodologies
The majority of the European safety standards that relate to the electronic components used
in ovens are already a requirement for the purposes of LVD compliance for domestic ranges,
ovens, hobs and similar appliances within Europe. However, these standards do not cover all
the component parts that have been identified as the main failure points. Where there are
already minimum performance expectations that are stipulated, for the purpose of durability
testing an end point that is more onerous could be considered.
Table 19 below lists the key components identified as being the most frequent to fail and also
where test methods have been identified. Proposals and greater detail can be found in the
Task 3 Section of this Report.

2.4.3 Development of durability test standards
As this report shows, there are already European safety standards that are mandatory in
order to reduce risks arising from the use of electrical equipment, including not just electrical
ones but also mechanical, chemical (such as, in particular, emission of aggressive
substances) and all other risks. These could be considered minimum requirements and cover
the performance of some of the components identified as being key to product lifespan.
Additionally for some aspects, endurance or similar performance tests have been identified
that can be considered for durability.
In order to develop and specify durability standards, it is necessary to consider that the
appliance market provides a range of specifications and designs of appliances in order to
provide a competitive market place and consumer choice based upon various parameters
such as convenience, performance, energy efficiency, robustness and affordability. Any
durability standards must therefore not limit consumer choice or become a barrier to
innovation and product development.
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Table 18 Key components and test methods – domestic ovens
Key Component

Test method

Test method comment

Hinge runners (failure
causes hinge damage)

European safety standard

Useful parameters that could
be incorporated into a test

(Pyrolytic oven door test:IEC/EN
60335-2-6:2003+A13:2013
Household and Similar Electrical
Appliances - Safety
Part 2-6: Particular requirements for
stationary cooking ranges, hobs,
ovens and similar appliances.
Clause 22.108
Endurance- Microwave oven door:
IEC/EN 60335-2-6:2003+A13:2013
Household and Similar Electrical
Appliances - Safety
Part 2-6: Particular requirements for
stationary cooking ranges, hobs,
ovens and similar appliances.
Clause 8)
North American standard

Door tests available

(AHAM ER-1-2012 Household
Electric Ranges. Clause 9.3.1 and
9.3.2)
British Standard (kitchen units)
(BS 6222-2:1997 Domestic kitchen
equipment - Part 2: specification for
structural performance requirements
and methods of testing for fitted
kitchen units. Annex C)
North American safety standards
(UL 858 Household electric ranges.
Clause 34)
Controls (for setting mode
or temperature)

European safety standard
(IEC 60335-1:2010+A1:2013/EN
60335-1:2012 Household and similar
electrical appliances — Safety
Part 1: General requirements.
Part 2-6: Particular requirements for
stationary cooking ranges, hobs,
ovens and similar appliances
Clause 24.1.4)
North American standard
(AHAM ER-1-2012 Household
Electric Ranges)
British Standard (kitchen units)

Door assessment

May provide some basic test
parameters

May require adapting to
determine minimum standard
and/or a stress/accelerated use
test

Mechanical strength test would
also be appropriate

Handle strength

(BS 6222-2:1997
Domestic kitchen equipment - Part 2:
specification for structural
performance requirements and
methods of testing for fitted kitchen
units. Annex G)
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Key Component

Test method

Test method comment

Thermostat or thermal
fuse (affecting
temperature control)

European safety standard

May require adapting to
determine minimum standard
and/or a stress/accelerated use
test

Oven elements (standard
and fan)

North American standard

Fan motor

European safety standard

(IEC 60335-1:2010+A1:2013/EN
60335-1:2012 Household and similar
electrical appliances — Safety
Part 1: General requirements
Clause 24.1.4)

An accelerated use /stress test

(AHAM ER-1-2012 Household
Electric Ranges. Clause 6.2, 8.7.3
and 8.7.4)

(EN 60335-2-24 2010 Household
And Similar Electrical Appliances Safety

May be able to consider the
refrigeration standard where
already a requirement

Part 2-24: Particular Requirements
For Refrigerating Appliances, IceCream Appliances and Ice Makers.
Annex AA)
North American safety standards
(UL 250 Standard for Safety
Household Refrigerators and
Freezers. Clause 9.13)
Lamp

Accelerated or stress condition
test method would be more
appropriate

European energy efficiency standard

Excludes some types

(EN 50285:1999 Energy efficiency of
electric lamps for household use Measurement methods)

Generic requirement for
instruction for replacement

The standards also need to be adaptable to future design and technology innovations that
may not be on the market, particularly if a function of an appliance is delivered in a different
manner to that commonly seen or expected in the current market. An example of this may be
different mechanisms or designs for door opening or internal access to an appliance that do
not use current hinge systems, or different technologies such as compressors that operate
continually rather than cycling on and off58.
Having identified what are considered to be the main failure points and components for the
appliances specified in Task 1, and having drawn together here in this Task 2 report a range
of related test standards, the Task 3 report will expand on those deemed relevant and
consider how they could be adopted or adapted for a more specific durability requirement.
Subsequent to this, it is essential that the appropriate standards bodies and technical
committees are engaged to ensure particular product expertise is incorporated into the
standards development process.

58

For example the Embraco Wisemotion (information highlighted by the Belgian Administration - FPS Health, Food Chain Safety and
Environment)
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Table 19: Key components and existing test methods – domestic refrigerators
Key Component

Test method

Test method comment

Thermostat

European safety standard

May require adapting to
determine minimum standard
and/or a stress/accelerated use
test

Refrigerant tubing and
joints
Compressor

(IEC 60335-1:2010+A1:2013/EN
60335-1:2012 Household and similar
electrical appliances — Safety
Part 1: General requirements
Clause 24.1.4)
No published standards
DIN test standards
(DIN 8974, DIN 8978,
DIN 8979)
European Safety standard

Practicality to be considered
Need to consider time taken to
complete a suitable test

Has no performance criteria

(IEC/EN 60335-2-24:2010 Household
and similar electrical appliances —
Safety Part 2-34 Particular
requirements of Motor compressors,
Clauses 24.1.4 and 22.7)
WRAP specifications
(Specification and guidance for
improving durability. Fridge Freezers.
Critical component specification)
US high/low voltage test
(ASHRAE Technical Committee 8.9
Handbook "Special Performance
Testing" suggestions)
Defrost heaters (and
controls)

European safety standard
(IEC 60335-1:2010+A1:2013/EN
60335-1:2012 Household and similar
electrical appliances — Safety
Part 1: General requirements
Clause 24.1.4)
North American safety standards
(UL 250 Standard for Safety
Household Refrigerators and
Freezers. Clause 8.10 and 8.20.1)

Door seal

European performance test standard
(EN 62552 : 2013 Household
refrigerating appliances Characteristics and test methods.
Clause 9 and 11)
Breakers strip impact test
(ASHRAE Technical Committee 8.9
Handbook "Materials testing")
WRAP specifications
(Specification and guidance for
improving durability. Fridge Freezers.
Critical component specification)
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Need to consider time taken to
complete a suitable test

Might be appropriate as
assessment of ability after
accelerated usage test

May require adapting to
determine minimum standard
and/or a stress/accelerated use
test

May provide some basic test
parameters

May require adapting to
determine minimum standard
and/or a stress/accelerated use
test

Breaker strip test could be
applied to door seal.

Useful test specifications and
minimum standards
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North American safety standards
(UL 250 Standard for Safety
Household Refrigerators and
Freezers. Clause 8.28.4 and 8.29.2)
Thermistors

European safety standard
(IEC 60335-1:2010+A1:2013/EN
60335-1:2012 Household and similar
electrical appliances — Safety
Part 1: General requirements
Clause 24.1.4)

Door hinges

China

May provide some basic test
parameters

May require adapting to
determine minimum standard
and/or a stress/accelerated use
test

Comparative test parameters

(GB/T8059.1-1995)
European performance test

Useful test parameters

(EN 62552 : 2013 Household
refrigerating appliances Characteristics and test methods.
Clause 9, 11 and 12)
WRAP specifications
(Specification and guidance for
improving durability. Fridge Freezers.
Critical component specification)
North American safety standards
(UL 250 Standard for Safety
Household Refrigerators and
Freezers. Clause 8.28.4 and 8.29.2)
Fan motors

European safety standard

Useful test parameters and
pass criteria

May provide some basic test
parameters

Already a requirement

(EN 60335-2-24 2010 Household And
Similar Electrical Appliances - Safety
Part 2-24: Particular Requirements
For Refrigerating Appliances, IceCream Appliances and Ice Makers.
Annex AA)
North American safety standards
(UL 250 Standard for Safety
Household Refrigerators and
Freezers. Clause 9.13)
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Task 3 – Developing a Methodology for
Measuring Durability
3.1 Scope - Refrigerating appliances
The scope of this first product area is taken to be the same as defined in the Ecodesign Lot
13 namely "household electric refrigerators, freezers and their combinations". The scope and
definitions are as those given in the Ecodesign Regulation "COMMISSION REGULATION
(EC) No 643/2009 of 22 July 2009 implementing Directive 2005/32/EC of the European
Parliament and of the Council with regard to Ecodesign requirements for household
refrigerating appliances".

3.2 Scope - Ovens
The scope of this second product area is taken to be domestic ovens as covered in the
Ecodesign Lot 22. The scope and definitions are as those relating to ovens in the Ecodesign
Regulation "COMMISSION REGULATION (EU) No 66/2014 of 14 January 2014
implementing Directive 2009/125/EC of the European Parliament and of the Council with
regard to Ecodesign requirements for domestic ovens, hobs and range hoods".
The oven is defined in the Regulation as an appliance or part of an appliance which
incorporates one or more cavities using electricity and/or gas in which food is prepared by
use of a conventional or fan-forced mode.
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3.3 Test Methodologies
Task 2 addressed whether there were test standards for adoption or adaptation for the key
components of refrigerating appliances and ovens. Table 20 and Table 21 below show the
information gathered in conclusion. The tables list the components identified as being likely
to fail in the appliances and therefore shorten its usable life or require the user to have the
appliance repaired, and the range of standards referenced for the iterative process of
developing a durability test. The components are listed in the order of failure identified, i.e.
the component thought most likely to fail listed at the top, and that least likely to fail listed at
the end.
In the subsequent sections here, these components are each considered in turn and the test
methods further scrutinised for appropriateness for inclusion in a durability test standard.
Frequently, the components identified can be described as controls and fall under the
European safety standard EN60335 series59. Part 1 of this standard provides specifications
that are generic to all appliance types covered by Part 1. Part 2 considers specific types of
electrical appliances and may provide requirements that override or exclude the Part 1
specification. In some cases, the requirement for a component may appear to be minimal but
this may be because this is a "fail safe" component, such as a thermal cut out or temperature
limiter. Such a component’s presence and operation prevents significant further damage to
the appliance or user. As such, it may be designed to only operate on an occasion as a
safety back up for another part of the appliance system.
Table 20: Key components and test methods - refrigerators
Key Component

Test method

Test method comment

Thermostat

European safety standard

May require adapting to determine
minimum standard and/or a
stress/accelerated use test

Refrigerant tubing
and joints

No published standards

Practicality to be considered

Compressor

DIN test standards

Need to consider time taken to complete
a suitable test

European Safety standard

Has no performance criteria

WRAP specifications60

Need to consider time taken to complete
a suitable test

US high/low voltage test

Might be appropriate as assessment of
ability after accelerated usage test

European safety standard

May require adapting to determine
minimum standard and/or a
stress/accelerated use test

N American safety standards

May provide some basic test parameters

Defrost heaters (and
controls)

59

EN60335-1:2012 Household and similar electrical appliances - safety Part 1 General requirements and EN60335-2 with Part 2 specific to the
appliance type
60
WRAP specification and guidance documents can be downloaded from the WRAP website. Registration is required to enable WRAP to monitor
traffic. http://eproducttechguide.wrap.org.uk/
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Key Component

Test method

Test method comment

Door seal

European performance test
standard

May require adapting to determine
minimum standard and/or a
stress/accelerated use test

Breakers strip impact test

Breaker strip test could be applied to
door seal.

WRAP specifications

Useful test specifications and minimum
standards
May provide some basic test parameters

North American safety
standards
Thermistors

European safety standard

May require adapting to determine
minimum standard and/or a
stress/accelerated use test

Door hinges

China

Useful test parameters

European performance test

Useful test parameters

WRAP specifications

Useful test parameters and pass criteria
May provide some basic test parameters

North American safety
standards
Fan motors

European safety standard

Already a requirement

North American safety
standards

Accelerated or stress condition test
method would be more appropriate

Table 21: Key components and test methods - ovens
Key Component

Test method

Test method comment

Hinge runners
(failure causes hinge
damage)

European safety standard for
pyrolytic oven door test

Useful parameters that could be
incorporated into a test

North American standard

Door tests available

British Standard (kitchen units)

Door assessment

North American safety
standards

May provide some basic test parameters

European safety standard

May require adapting to determine
minimum standard and/or a
stress/accelerated use test

Controls (for setting
mode or
temperature)

North American standard

Mechanical strength test would also be
appropriate

British Standard (kitchen units)

Handle strength

Thermostat or
thermal fuse
(affecting
temperature control)

European safety standard

May require adapting to determine
minimum standard and/or a
stress/accelerated use test

Oven elements
(standard and fan)

North American standard

An accelerated use /stress test
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Key Component

Test method

Test method comment

Fan motor

European safety standard

Already a requirement

North American safety
standards

Accelerated or stress condition test
method would be more appropriate

European energy efficiency
standard

Excludes some types

Lamp

Generic requirement for instruction for
replacement

3.3.1 Refrigerators - relevant existing tests and specifications
The sections below present the appliance components identified in Task 2 as being those
most likely to cause a refrigerator or freezer to fail. Under each section, the standards
identified that relate to these components are presented, together with an assessment of
whether they can be adopted or adapted for a durability test, using a brief test description
and consideration of their suitability. In order to assess suitability and to consider
requirements in the context of expected levels of performance, some working assumptions
have been used, for example, how much a compressor runs over a period of time. These
working assumptions can be found in Section 3.4.1.
In some instances, the test standard may be lacking in aspects such as an appropriate level
of performance or require further development or specifications to make them suitable. This
is a key consideration as in most cases this task is drawing upon test standards for safety
and performance that were produced for specific purposes other than durability.
For some components there is more than one test standard presented, in which case it has
been necessary to identify the most appropriate or combine different parameters from each
when proposing a test method in Section 3.4.2.
The components have been listed in the order in which they were identified as being of
concern for failure, i.e. the most likely to fail is given first.
3.3.1.1 Thermostat
The thermostat is the device that switches on and off the power to the cooling system of the
appliance by sensing the internal temperature. The required temperature is determined by
the dial set by the consumer which is connected to the shaft on the main body of the
thermostat. The temperature sensing metallic strip is positioned in the body of the appliance
(the strip is coiled in the examples in Figure 1 but unwound when fitted in the appliance).
When considering how many cycles a thermostat is exposed to during its life, account has to
be taken that different appliances operate in different ways. Appliances cycle with the
compressor on 30 to 40% of the time in modest ambient temperatures (20 to 25°C), however
the cycling time can vary from around 30 to 90 minutes on time, depending on the
programming of the appliance. So, for a non-frost-free (static) appliance, the number of
switch-ons varies from 16 to 48 times per 24 hours.
Figure 1 Examples of a refrigerator thermostat
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Box 1
Standard:
IEC 60335-1:2010+A1:2013/EN 60335-1:2012 Household and similar electrical appliances — Safety
Part 1: General requirements
Clause:
24.1.4 Controls
Refers to IEC 60730-1 clauses 6.10 and 6.11 (which specify a means of classifying controls according
to various characteristics, in this instance the number of cycles of actuation (M) for each manual action
or number of automatic cycles (A) of each automatic action).
Test description:
Component is tested according to the manufacturers rating to the given level of switching (clause
17.2)
Current minimum standard/pass criteria:
10 000 cycles for thermostats
Suitability:
The 10 000 cycles requirement is necessary for an appliance to reach a minimum standard in order to
be placed on the market. It is therefore appropriate to adopt for Ecodesign policy. However it is
unlikely this will change the durability of appliances on the market as they should already meet this
level of performance.
Specification of a higher pass threshold may be appropriate. A suitable estimate could be 30 times 'on'
per day which equates to around 75 000 cycles for a 7 year lifetime of a refrigerating appliance.
This test is more appropriate for a safety thermostat rather than a regulatory thermostat being
considered. A review of the test requirements and conditions are necessary to provide a test that
reflects the use of this component, including typical ambient conditions (e.g. tested at around 5°C for a
fridge).

WRAP Specification and guidance for improving durability of fridge-freezers61 has design
requirements such as the use of negative temperature coefficient (NTC) thermistors (instead
of thermostats) and soldered connectors, as long as it does not prohibit replacement of the
circuit boards (PCB) or other key components.
3.3.1.2 Refrigerant tubing and joints
Unlike individual component issues that are considered for this report, an appliance failure
attributed to refrigerant leakage is due the construction and joining of parts of the cooling
system.
Refrigerant leaks are a result from cracks in the cooling system tubing that circulates the
refrigerant. These may be due to:





61

rust formation due to inclusions on aluminium tubing;
rust formation due to pitting;
micro leakages on welded junctions;
micro leakages on lock ring connections.

http://eproducttechguide.wrap.org.uk/
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The highest level of leakage occurs on welded junctions. At the time of manufacture, the
faults may be too small to detect even with the best leak detection instruments, even under
pressure and vacuum testing. Over time and with vibration, temperature and environmental
stress, the small crack can develop into larger detectable leaks that affect the performance of
the appliance.
Consultation with manufacturers for this report suggests that standards for testing appliances
for leakage tend to be internal standards and methodologies. Manufacturers have indicated
that these vary and that more expensive appliances tend to undergo a greater level of testing
as part of an overall failure reduction assessment.
There are a few possible methods for reducing or identifying cracks and subsequent leakage,
such as those given below. But in most cases these are either impractical or too expensive to
be required for all units produced.





Potentially, joints and brazes could be X-rayed or assessed using an electron
micrograph to determine whether there are small cracks that could result in leaks
that are too small to identify using conventional leak testing equipment. However, it
is almost impossible that all joints could be tested and so only a representative
sample could undergo testing.
Higher pressure or longer length pressure tests may also be a means to identify
small leaks.
Better leak detection systems are available, such as vacuum leak detection that
provides a greater level of sensitivity, but whether this is feasible for assembled
domestic refrigerators on a production line is debatable. Vacuum detection might be
practical for a small subset of cabinets selected randomly from the production line.

Within the remit of this research, it is not considered practical to include, within a durability
test, better integrity of the cooling system to reduce refrigerant leakage. This is because it is
a system issue and a complex failure dependent upon the design and construction of the
cooling system rather than individual components.
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3.3.1.3 Compressor
Compressors consist of a pump powered by a motor in order to compress the refrigerant and
circulate it through the cooling system of the appliance. They switch on and off depending
upon the temperature setting and type, but they are generally operating (circulating the
refrigerant) for around 30 to 40% of the time.
Box 2
Standard:
DIN 8974: Endurance Test for Motorised Compressors (in refrigeration plant)
Test description:
Accelerated procedure to consider the service life of the fastenings between a spring-mounted
compressor and the compressor enclosure.
Test cycles are as short as possible with the compressor reaching compression ratio and maintaining
it for around 2 seconds. (15 seconds is recommended for compressors with intake pressure in the
enclosure; 6 seconds running and 9 seconds standstill time). Number of cycles is not specified in the
standard, but a review of performance and test set up is recommended every 30 minutes.
Current minimum standard/pass criteria:
The standard does not specify a number of cycles.
Information supplied by CECED suggests 500 000 switching cycles
(there is no specification in the actual test standard)
Suitability:
The repeatability is considered to be rather good by the appliance industry and as a well approved
standard for the evaluation of component quality the current requirement is considered appropriate.
Based upon the calculation given for a thermostat, a compressor will be cycling at the same rate as
the thermostat (around 75 000 for 7 year estimated life), the number of switching cycles suggested by
CECED is more than adequate.

Box 3
Standard:
DIN 8978: Wear Test for Refrigerant Compressors
Test description:
Tests the durability of mechanical parts of open or closed, single or multi stage compressors.
The test considers the effect of wear on operating characteristics as well as the amount of wear.
Premature failure is recorded. Characteristics considered include: efficiency of the compressor
(measured as in DIN 8977) and sound power level is recorded before and after the test; observations
of tracks, grooves, wear points or copper-plating; wear of operating valves.
The compressor is fitted to a test circuit following initial measurements. Once equilibrium is reached, it
is left to operate without regulation. At the end of the test, measurements taken before the test are
repeated.
Current minimum standard/pass criteria:
1 000 hours uninterrupted running of the engine at the specified coil temperature (R 600a: 10,9 bar :
1,08 bar).
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Suitability:
The repeatability is considered to be rather good by the appliance industry and as a well approved
standard for the evaluation of component quality the current requirement is considered appropriate.
There is a note in the standard that states; the quantitative relationship between the operating life and
the results of the wear test is not sufficiently proven, although a qualitative comparison can be made.
A guaranteed operating life cannot be derived from the results of the wear test.
The performance is assessed by refrigerating efficiency and noise levels compared before and after
the test. The test standard does not give a range of what is considered acceptable. This would be
necessary to specify expected and acceptable performance levels.
A compressor operating 40% of the time equates to around 3500 total hours per year. This test has a
duration of only 1 000 hours so equivalent to around 1½ months. A lifetime of 7 years would be 24 500
hours which is 1 020 days (2 3/4 years) continuous running. This is excessive for a pre-marketing test,
but a lower test threshold might be adequate for durability screening.

Box 4
Standard:
DIN 8979: High temperature testing of motor-compressors in refrigeration systems
Test description:
The compressor is fitted to a test circuit following initial measurements. The system is run with suction
pressure for specific evaporation and condensing temperatures. Once equilibrium is reached, system
is left to operate without regulation. Before and after the test the leakage current, insulation resistance
and high dielectric strength are tested.
Current minimum standard/pass criteria:
2000 hours uninterrupted running of the engine at the specified coil temperature (R 600a: 7,7 bar :
1,08 bar).
Suitability:
The repeatability is considered to be rather good by the appliance industry and as a well approved
standard for the evaluation of component quality the current requirement is considered appropriate.
There is a note in the standard that states; the quantitative relationship between the operating life and
the results of the high temperature test is not sufficiently proven, although a qualitative comparison
can be made. A guaranteed operating life cannot be derived from the results of the high temperature
test.
This test duration is only a fraction of the expected life of a compressor, but the test conditions provide
a stress test to give an accelerated usage comparison.

Box 5
Standard:
Suggested performance test listed in ASHRAE Technical Committee 8.9 Handbook
Clause:
High and low voltage tests
Test description:
Ability of the compressor to start and pull down the system with voltages at least 10% above and
below rated voltage.
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(Little detail for the test is available as it has not been possible to get a response from ASHRAE
regarding the source or detail of this test.)
Current minimum standard/pass criteria:
The starting torque is reduced at low voltage. The motor tends to overheat at high voltage.
Suitability:
This type of test could be adapted to provide a stress test for compressors. Appliance is run for a
certain time to produce an accelerated test.

Box 6
Standard:
IEC 60335-1:2010+A1:2013/EN 60335-1:2012 Household and similar electrical appliances — Safety
Part 2 - 34 Particular Requirements of Motor-Compressors
Clause:
19 Abnormal operation

Test description:
Various requirements including locked motor test, running overload test (with higher and lower than
rated voltage tests).
Current minimum standard/pass criteria:
Must pass tests in order to meet Low Voltage Directive requirements and CE marking.
Suitability:
Generally the abnormal operation tests are to ensure a 'fail-safe' situation if a component is subjected
to atypical operating conditions. There are no particular levels of performance that could be adopted or
tightened.
This requirement is necessary for an appliance to reach a minimum standard in order to be placed on
the market. It is therefore appropriate to adopt for Ecodesign policy, but will not necessary change the
durability of appliances on the market as they should already meet this level of performance.

The appliance manufacturer Miele reports that it runs compressors for 50 000 hours, which it
claims is equivalent to 17 year average daily use (i.e. 2941 hours per year). This duration of
time with the compressor running constantly would be nearly 6 years, which may be too long
for pre-production and pre-marketing testing.
WRAP specifications for improving durability suggest a minimum of 21 000 hours run time equivalent to around 7 years' use (i.e. 3000 hours per year). This requirement would also
require too long a test period for the appliance production purposes; an accelerated stress
test may be necessary to replicate the usage. (The WRAP specification is designed to
highlight best practice and what could be provided as test evidence to a procurer, but it is up
to the latter to consider their requirements in line with their own supply chain pressures and
business requirements).
Due to the operating requirements of a compressor, an accelerated test, i.e. continuous
running, along with an ambient temperature higher than normal operating conditions, could
provide a screening endurance test. However, a full accelerated lifetime stress test would
need some development in order to determine what duration of accelerated test equates to a
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specific lifetime and to ensure the test is representative of use rather than an abnormal
operation.
3.3.1.4 Defrost heaters
Defrost heater designs vary considerably between the different appliance manufacturers. In
general, they are heating elements that sit around, or enclose, the evaporator. Some designs
mean that the manufacturer will only provide complete evaporator units with the defrost
heater in place, rather than just the replacement heaters, which has the implication of making
repairs more expensive.
Like any heating element, they will degrade with wear and burn out. Most heating elements
are wired in series with one power supply. An alternative design option is to have systems
with separate smaller heating elements and the power supply connected to pairs of heaters
(in parallel). This way if one element fails there is a fall back of the other separately powered
heaters still being able to operate. This option would provide some continuity of the
defrosting system (and used to be a more common design).

Figure 2 Examples of a refrigerator defrost heater

Box 7
Standard:
IEC 60335-1:2010+A1:2013/EN 60335-1:2012 Household and similar electrical appliances — Safety
Part 1: General requirements
Clause:
19

Abnormal operation

Test description:
Clause 19.2 and 19.3 require appliances with heating elements to be tested under the conditions
specified in Clause 11 but with restricted heat dissipation to ensure that the appliance and its
surroundings shall not attain excessive temperatures in normal use.
The clauses requires the appliance to operate at 0.85 times the rated voltage and 1.24 times the rated
voltage. Any temperature control is short circuited.
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Current minimum standard/pass criteria:
Excessive temperatures should not be produced.
Suitability:
This test is a safety test to consider the effect of heating elements within appliances and the
consequences of any failing in their operation. It does not consider the physical durability of the
component.

Box 8
Standard:
UL 250 Standard for Safety Household Refrigerators and Freezers
Clause:
8.10

Defrost heater burnout test

Test description:
The defrost heater is operated using the rated voltage. The ambient air temperature is approximately
25°C.
Current minimum standards/pass criteria:
This test is primarily to ensure that there is no risk of fire or electric shock.
If an automatic-reset temperature-limiting control is employed, the test is to terminate when the
temperatures of components and materials, such as conductor insulation, electrical insulation, thermal
insulation and flammable materials near the heater element have stabilised.
If a manual-reset temperature-limiting control is employed, the test is to terminate when the device
opens the heater circuit.
Suitability:
This is a 'fail-safe' test which either checks that the defrost heater will not overheat or when the device
fails. As it stands it is not appropriate as a durability test.

Box 9
Standard:
UL 250 Standard for Safety Household Refrigerators and Freezers
Clause:
8.20

Defrost heater control tests

8.20.1 Endurance test
Test description:
The test is to be conducted with the device connected either to the heater element load or to an
equivalent non-inductive load.
- An automatic-reset or a time-on, time-off defrost cycle control that operates during each defrost
cycle is to withstand 30 000 cycles of operation under load.
- An automatic-reset temperature-limiting control is to withstand 100 000 cycles of operation
under load if short-circuiting of the control during the defrost heater burnout test results in a risk
of fire or electric shock.
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- A manual-reset temperature-limiting control is to withstand 1 000 cycles of operation under load
plus an additional 5 000 cycles without load.
The last test may be waived if short-circuiting of the control during the defrost heater burnout test does
not result in a risk of fire or electric shock
Current minimum standards/pass criteria:
Components should withstand the number of cycles as specified above.
Suitability:
This test is for the controls rather than the defrost heater but it gives some suggestions as to the
number of operating cycles that could be considered. The number of cycles would appear excessive
compared to a calculation of number of switches for a moderate lifetime (see below).
Defrost cycles are generally either programmed to operate at set time intervals, e.g. once per 24
hours, or are adaptive, so the interval depends upon the number of door openings and introduction of
food (and moisture). The intervals may be determined by the amount of compressor running time, for
example after the compressor has run for a total of 8 hours, which may equate to a defrost cycle every
24 hours. The test would be the same for both types but the lifetime expectation may differ depending
upon the expected frequency of operation. For a heater operating once a day, the tests would need to
have around 2,500 cycles to represent a seven-year appliance life.

For a defrost heater, the durability of the element needs to be considered and tested in an
environment representative of normal use, for example subjected to humidity and vibration.
An accelerated test with cycling on and off would be appropriate with the element operating
and subjected to temperatures found in a freezer (i.e. -18°C). The number of cycles
(switching on and off) would need to be representative of an expected minimum lifespan.
3.3.1.5 Door seal
The fridge or freezer door seal is the flexible gasket that surrounds the inner edge of the door
and makes contact with the main body of the cabinet to provide a seal. It is sometimes
removable for replacement. The breaker strip is the front edge of the cabinet wall and
maintains the distance between the interior liner and the exterior cabinet. It often also houses
a magnetic strip to act as a contact surface for the door seal.
Box 10
Standard:
EN 62552: 2013 Household refrigerating appliances - Characteristics and test methods
Clause:
9

Testing the air-tightness of door or lid or drawer seals(s)

Test description:
Door gasket air- tightness test using a paper pulling test is used before and after the durability of
hinges and handle tests (clause 11). A 0,08 mm thick piece of paper, 50 mm wide, is trapped in the
closed refrigerator door. The seal is assessed by checking that the strip of paper does not slide freely.
The test is repeated around the door seal. The test is carried out at an ambient temperature of
between 16 and 32°C with the appliance switched off and in equilibrium with the ambient temperature.
Current minimum standard/pass criteria:
For the door air-tightness test, the standard states that the strip of paper shall not slide freely.
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Suitability:
The clause 9 air tightness paper test is inadequate in that it is not discerning enough. Any failure
recorded using the paper test would be visible without the test. The appliances are tested in a non-use
condition with no cooling function. The test description states that the most unfavourable points may
be found by inspecting the area around the seal with the appliance illuminated from the inside. If this
illumination is visible then the paper test adds little to the assessment.
A more realistic test should involve the appliance in use (cooling) and a pass criteria developed,
maybe the air tightness test with the degree of force required to remove a paper strip specified. The
test also needs to consider any degradation of the seal over time with some kind of usage replicated
for considering durability.

Box 11
Standard:
Breakers strip impact test
Clause:
(from ASHRAE Technical Committee 8.9 Handbook "Materials testing")

Test description:
Impact resistance of the breaker strips at operating temperatures when coated with a 50/50 mixture of
oleic acid and cottonseed oil. The breaker strip is impacted by a 0.9 kg dart dropped from a prescribed
height. The strip is then examined for cracks and crazing.
Current minimum standard/pass criteria:
Subjective visual evaluation of breaker strip
Suitability:
Could be used in collaboration with other endurance tests to assess material strength as an indicator
of longevity.

Box 12
Standard:
WRAP Specification and guidance for improving durability
Clause:
Critical component specification - Doors and door seals
Test description:
Minimum 38 000 door open and closing, 30 kg loaded evenly across door shelves
Current minimum standard/pass criteria:
No damage, failure or significant deflection or sag (>2 mm in any direction) to door, hinges or shelves.
10 units tested with 100% pass rate
For a higher specification appliances, WRAP suggest 49 000 and 60 000 door opening tests
representing longer lifetimes.
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Suitability:
This test would appear to consider the door structure and hinges rather than the sealing capabilities of
the door seal.
The 38 000 opening cycles aims to represent around 7 years use. This equates to around 15 openings
a day, which could be considered to be a low estimate. (No substantiated evidence of number of fridge
door openings has been found, but 20 openings per day is considered more appropriate, which would
equate to around 50 000 door openings for 7 years of use.)
This test provides suggested door loading and measureable failure specification.

Box 13
Standard:
UL 250 Standard for Safety Household Refrigerators and Freezers
Clause:
8.29.2

Door hinge strength test

Test description:
Doors are subjected to opening cycles as specified in clause 8.28.4 (door latch release test):
Refrigerator doors subjected to 300 000 cycles of door operation; freezer doors subjected to 150 000
cycles of operation.
Door shelves are loaded with solid steel cylinders, each with a mass of 1 kg, and a 34 kg load is then
applied vertically downward at the outer edge of the door. This is done with the door open to 15° for
one hour and 90° for one hour. If the refrigerator construction provides for change in the door swing
from left- to right-hand, and vice versa, the hinge mountings are to be removed and replaced three
times on the same side prior to the test.
Current minimum standard/pass criteria:
The hinges of the door shall not separate from the cabinet or door.
Suitability:
The number of door openings is far greater than specification in other standards. With 20 fridge door
openings a day, the 300 000 specified would equate to 41 years.
Some of the test parameters such as loading and cycling are useful references for any durability of the
door seal assessments.

3.3.1.6 Thermistors
A thermistor is a directly heated positive temperature coefficient according to the definition of
the EN 60335 safety standard. Changes in the electrical resistance created by the
temperature change in the cabinet causes the thermistor to act as a switch for the cooling
system to operate. As a simple electronic control, there is little to specify in terms of a
durability specification as there are not any mechanical attributes to the component that
could be tested. When a thermistor fails, it maybe because it has gone open circuit (no
longer provides the electrical resistance necessary for it to operate). Manufacturers all
produce different thermistors depending upon the design of the appliance and the fitting
position of the component.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

95

The Durability of Products: Full Report

Figure 3 Example of a thermistor
Box 14
Standard:
IEC 60335-1:2010+A1:2013/EN 60335-1:2012 Household and similar electrical appliances — Safety
Part 1
Clause:
19.11.2 refers to EN60738-1 Thermistor - Directly heated positive temperature coefficient - Part 1:
Generic Specification.
Test description:
The test requires the thermistor to be short circuited to ensure that it then stops working in the event of
an abnormality in the electrical system.

Current minimum standard/pass criteria:
The thermistor is required to stop working if short circuited.
Suitability:
Does not provide a durability test as this is a fail-safe test.

The requirements given in the above safety standard only provide a fail-safe test in the case
of an electrical short circuit. As a switching device, this component needs to have a test
similar to the test for other controls that require a number of cycles and, as the function is the
same as that of a thermostat, the tests should be similar in terms of a functional minimum
requirement. The test also needs to operate the component in association with other relevant
connected parts and in conditions likely to be experienced during use, i.e. appropriate usage
temperatures.
3.3.1.7 Door hinges
Box 15
Standard:
EN 62552: 2013 Household refrigerating appliances - Characteristics and test methods
Clause:
11

Testing the durability of hinges and handles of door(s) and lids(s)
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Test description:
The durability of hinges and handles involves opening and closing sequences numbering 100 000
times for fridge and 30 000 times for freezers, to an angle of 45° (number of cycles, 20 to 25 per
minute). The inner door is loaded according the clause 13.3.2.8 (testing storage temperatures –
loaded with as many packages* as possible) or clause 12 (strength of shelves - maximum number of 1
000g cylindrical weights able to be accommodated).
The appliance is tested at room temperature with no cooling so there is equilibrium between the
ambient and the compartment temperatures.
*Test packages are used of various sizes; for example a 50 mm x 100 mm x 100 mm packages
weighs 500 g.
Current minimum standard/pass criteria:
The clause 9 air tightness paper test is carried out to assess if the doors have deteriorated in a way,
after the repeated opening, which could affect the door air tightness. Any fastening system shall still
be efficient and capable of maintaining its proper function.
Suitability:
The clause 9 air tightness paper test is inadequate in that it is not discerning enough. Any failure
recorded using the paper test would be visibly obvious.
The specified 100 000 openings equates to around 13.5 years of use if the fridge door is opened 20
times per day. This is twice as much as necessary if considering 7 years as an acceptable minimal life.
Miele also carryout 100 000 door openings and claim this to be 18 years with 15 openings per day in
normal use.
All the door opening, or a percentage of door opening, to 90° would be more onerous and more
representative of consumer use.
Some of the parameters – number of cycles, loading - from this test could be adopted but a more
realistic test requires a more quantitative pass criteria to be developed, possibly with a more onerous
air tightness test – for example, one that assessed the degree of force required to remove a paper
strip and alignment of the door evaluation.

Box 16
Standard:
WRAP Specification and guidance for improving durability
Clause:
Critical component specification - Doors and door seals
Test description:
Minimum 38 000 door open and closing, 30kg loaded evenly across door shelves
Current minimum standard/pass criteria:
No damage, failure or significant deflection or sag (>2mm in any direction) to door, hinges or shelves.
10 units tested with 100% pass rate
For a higher specification appliances, WRAP suggest 49 000 and 60 000 door opening tests
representing longer lifetimes.
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Suitability:
The 38,000 opening cycles aims to represent around 7 years use. This equates to around 15 openings
a day, which could be considered to be a low estimate. (No substantiated evidence of number of fridge
door openings has been found, but 20 openings per day is considered more appropriate, which would
equate to around 50 000 door openings for 7 years of use.)
This test provides suggested door loading and measureable failure specification.

Box 17
Standard:
UL 250 Standard for Safety Household Refrigerators and Freezers
Clause:
8.28.4

Door latch release test

Test description:
Doors are subjected to opening cycles:
Refrigerator doors subjected to 300 000 cycles of door operation; freezer doors subjected to 150 000
cycles of operation.
Current minimum standard/pass criteria:
The latch release device shall permit the door to open with a force of 66,7 N or less (13,3 to 17,8 N/s)
Suitability:
The number of door openings is far greater than specification in other standards. With 20 fridge door
openings a day, the 300 000 specified would equate to 41 years.

Box 18
Standard:
UL 250 Standard for Safety Household Refrigerators and Freezers
Clause:
8.29.2

Door hinge strength test

Test description:
Doors are subjected to opening cycles as specified in clause 8.28.4 (door latch release test):
Refrigerator doors subjected to 300 000 cycles of door operation; freezer doors subjected to 150 000
cycles of operation.
Door shelves are loaded with solid steel cylinders, each with a mass of 1 kg, and a 34 kg load is then
applied vertically downward at the outer edge of the door. This is done with the door open to 15° for
one hour and 90° for one hour. If the refrigerator construction provides for change in the door swing
from left- to right-hand, and vice versa, the hinge mountings are to be removed and replaced three
times on the same side prior to the test.
Current minimum standard/pass criteria:
The hinges of the door shall not separate from the cabinet or door.
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Suitability:
The number of door openings is far greater than specification in other standards. With 20 fridge door
openings a day, the 300 000 specified would equate to 41 years.
Some of the test parameters such as loading and cycling are useful references for consideration in the
development of a durability test method, but such parameters may need reviewing, such as the
weight.

3.3.1.8 Fan motors
Fans tend to use AC motors and different manufacturers use various specifications and
designs depending upon the appliances; they have different shaft diameters and lengths and
operate at different speeds.
Failures in function tend to occur due to the fan being blocked by a build-up of ice. This can
occur if the defrost heater fails; ice builds up and the fan blades are unable to rotate. The
motor will then burn out due to overheating as it continues to try to operate.
More durable motors will be able to run under this stress for longer and stall rather than
overheating and burning out.
Some motors have impedance protection which is activated when a motor locks up but is still
being powered. It increases the resistance of the motor windings and keeps the motor
temperature from rising. The American safety standard has a particular test for this type of
motor.
Safety standards may stipulate no burning and a winding temperature of 150°C maximum
after the motor is operated in a locked condition for 15 continuous days.
EN 60034-1:2010 Rotating Electrical Machines Part 1 Rating and Performance may offer
some definitions and test parameters that could be adapted or adopted for a durability test
method, such as the thermal tests.
Box 19
Standard:
IEC 60335-1:2010+A1:2013/EN 60335-1:2012 Household and similar electrical appliances — Safety
Part 2-24
Clause:
Annex AA (normative)

Locked-rotor test of fan motors

Test description:
To assess that the fan motor will not reach excessive temperatures if the motor locks or fails to start.
The motor rotor is locked and operated for 15 days (360 hours) and the winding temperatures shall not
exceed certain temperatures given in table 8 of the Part 1 (from 150°C depending upon the class of
motor and other specifications). 72 hours after the test the motor shall withstand an electrical strength
test.
Current minimum standard/pass criteria:
Maximum allowable temperatures are given in the standard.
Suitability:
This test appears to provide a significant endurance requirement. A motor able to withstand 15 days of
locking would seem appropriate; an appliance with a fan failing to function for this amount of time
would be expected to result in other appliance performance issues that should be noticed or rectified
by the user. As a normative Annex this is already a requirement for LVD compliance.
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Box 20
Standard:
UL 250 Standard for Safety Household Refrigerators and Freezers
Clause:
9.13

Burnout test - impedance protected motors

Test description:
The motor is to be equipped with a thermocouple for measurement of winding temperatures. The rotor
is locked. Absorbent surgical cotton is wrapped around the motor, and the motor is connected to a
variable voltage source. The motor is operated using rated voltage until the winding temperature
stabilises. The voltage is then to be progressively increased in 5 V increments, allowing the winding
temperature to stabilize after each increase in voltage. Operation is to continue until burnout occurs.
Current minimum standard/pass criteria:
Three samples of motors are tested. The test considers the temperature rise limiting characteristics of
the motor as there shall be no ignition of cotton surrounding the motor.
Suitability:
This test is a fail-safe test and operates the motor until it burns out. It tests the temperature
stabilisation potential of the component. For an endurance test the increase in voltage would not be
necessary.

Box 21
Standard:
European Commission Ecodesign Directive No 666/2013 Vacuum cleaners

Clause:
Annex II Point 8 Operational motor life
(Specific requirement from Sept 2017)

Test description:
The vacuum cleaner shall run with periods of 14 minutes and 30 seconds on and 30 seconds off.

Current minimum standards/pass criteria:
The test may be discontinued after 500 hours and shall be discontinued after 600 hours.
The total run-time shall be recorded and included in the technical documentation. Air flow, vacuum
and input power shall be determined at appropriate intervals.

Suitability:
The Directive assumes 50 one hour cleaning tasks per year (as specified for energy consumption
calculation). The 500 hour test therefore assumes a motor life of at least 10 years. The test would take
around 20 days of constant running.
For a refrigerator fan in a forced air appliance it is assumed that the fan runs constantly. This test
would therefore need to run the fan constantly for the duration of its expected life. On this basis the
test would last for 7 years continuous running and would not be suitable.
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3.3.2 Ovens - relevant existing tests and specifications
The sections below presents the appliance components that were identified in Task 2 as
being those most likely to cause an oven to fail. Under each section, the standards found that
relate to these components are presented with an assessment of whether they can be
adopted or adapted for a durability test, using a brief test description and consideration of
their suitability.
In some instances, the test standard may be lacking in aspects such as an appropriate level
of performance or require further development or specifications to make them suitable, for
example testing components in operating conditions with high temperatures and cooling
intervals.
For some components, there is more than one test standard presented, in which case it has
been necessary to identify the most appropriate or combine different parameters from each
when proposing a test method in section.
In order to consider the expected levels of performance, i.e. minimum requirements, it has
been necessary to use some working assumptions as to the operation and frequency of use
of ovens. Further information on these assumptions can be found in Section 0.
3.3.2.1 Hinge runners (failure causes hinge damage)
The hinge runner is the component that supports the elbow of the hinge. If the runner
becomes damaged this in turn affects the hinge itself.
Figure 4 Example of a hinge runner

Box 22
Standard:
IEC/EN 60335-2-6:2003+A13:2013 Household and Similar Electrical Appliances - Safety
Part 2-6: Particular requirements for stationary cooking ranges, hobs, ovens and similar appliances
Clause:
22.108 Door test - pyrolytic self-cleaning ovens
Test description:
To check the interlock system or door seal is not damaged after repeated door use. The door is
opened at least 10 cm and is then closed by applying a force of 90 N to the handle. This operation is
carried out 5 000 times. Every 1 000 cycles, the interlock system for the self-cleaning function is
operated.
After the test, the interlock system shall be fit for further use and the door seal shall not be damaged.
Current minimum standard/pass criteria:
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Observation of door seal and latch operation
Suitability:
This test as it stands specifically considers the interlock system as it is essential that it operated
correctly when the oven is heated to very high temperatures for the cleaning cycle. For adoption as a
normal use door opening test, the number of cycles appears low for lifetime of use.
By comparison, the safety standard for microwave oven door test uses 100 000 cycles in total
(opening and closing), 6 cycles a minute. This number of openings would appear to be high for cooker
ovens doors (see next section AHAM ER-1-2012 suitability comments). A lower number of cycles may
be more appropriate.
The closing force and frequency of ongoing monitoring could be adopted from this standard. However,
the door opening needs to be to a fully opened position and a more formal method of evaluating the
possible wear on the door hinges and fitting needs to be considered to specify a minimum
standard/pass level. This could be a measurement of any deviation from the original fitting position.

Box 23
Standard:
AHAM ER-1-2012 Household Electric Ranges
Clause:
9.3.1

Test Procedure for Determining Sturdiness of Oven Doors

Test description:
Door opened 25 000 times at a rate of 15 times per minute. Door fit, hinge and latch operation
observed for any abnormality.
Current minimum standard/pass criteria:
Observation of door fit, hinge and latch operation
Suitability:
This test would appear to be appropriate for a durability test. Test conditions such as the forced used
to close the door as mentioned for the European pyrolitic door test could also be incorporated.
The test lacks any heating and cooling that may be experienced in normal use.
On the basis of 4 open and closes per use, the 25,000 opening equates to 17 years if used once a
day. The last known MTP62 modelling assumptions (available in 2012) suggested that usage patterns
in the UK in 2015 would be around 115 uses per year. A European average of 110 was given in the
Ecodesign preparatory study63, although this is from research now around 15 years old. One the basis
of 4 opening cycles per use, this equates to 2,200 cycles for a five-year lifespan. Up to date
information on usage patterns across Europe may be required to establish representative
requirements.
The oven manufacturer Miele carries out oven door opening and closing 24 000 times (to represent a
total lifespan).
A formal, measurable method of evaluating the possible wear on the door hinges and fitting needs to
be considered to specify a minimum standard/pass level. This could be a measurement of any
deviation from the original fitting position.

Market Transformation Programme supports UK Government Policy on sustainable products (http://efficient-products.ghkint.eu/)
Lot 22 Task 3 Consumer Behaviour and local infrastructure
http://www.eup-network.de/fileadmin/user_upload/Produktgruppen/Lots/Final_Documents/Lot22_Task3_Final.pdf

62
63
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Box 24
Standard:
AHAM ER-1-2012 Household Electric Ranges
Clause:
9.3.2

Test Procedure for Determining Stiffness of Drop Doors

Test description:
A load (11kg) is applied to an outside corner of the opened door for 5 minutes.
Current minimum standard/pass criteria:
Observation of door fit and mechanism should allow normal door operation.
Suitability:
This test could be incorporated into a test specification where drop-down doors are used.
A formal, measurable method of evaluating the possible wear on the door hinges and fitting needs to
be considered to specify a minimum standard/pass level. This could be a measurement of any
deviation from the original fitting position.

Box 25
Standard:
BS 6222-2: 1997 Domestic kitchen equipment - Part 2: specification for structural performance
requirements and methods of testing for fitted kitchen units
Clause:
Annex C
Pivot Doors
C.1 Static load test
C.2 Slam open/shut test
C.3 Wear and fatigue test
Test description:
Loads and forces applied to assess quality and assess performance - two levels of performance
stated (higher specification requirement are given in brackets).
Static test load of 30kg (37,5 kg) open and close 10 cycles
Open /shut test with a downward force of 15 N (20 N), 20 000 cycles
Wear and fatigue test, 40 000 (80 000) cycles
Current minimum standard/pass criteria:
Test standard assesses the door after the test by measuring any displacement of the door, then retighten the hinge screws, adjusting the hinges if possible and re-checking the appearance and function
of the door.
Suitability:
This standard is the basis of a fridge-freezer door test given in the WRAP Specification and guidance
for improving durability (fridge-freezers). The WRAP document suggests that there should be no
damaged or failure or significant deflection or sag (> 2 mm in any direction) to the doors, hinges (or
shelves).
The WRAP guidance is the only specification with a measure of failure.
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Box 26
Standard:
UL 858 Household electric ranges
Clause:
34

Oven Doors – Integrity

Test description:
The appliance is installed as intended but not connected to the power supply.
A load is to be uniformly applied, without impact, for 5 min to the fully open oven door:
- for a door located more than 36 in (914 mm) above the floor, 50 lb (22,7 kg);
- for a door located 36 in or less above the floor, 75 lb (34 kg);
- for a side-hinged door, applied to the top of the door midway between the vertical edges.
- for a bottom-hinged door, distributed along the centre line (midway between the front and back
edges) of the door.
- for a slide-in door (a door that slides into the appliance), to be hung from the top centre edge of
the door.
For an appliance with two or more doors, the test is to be conducted on one door at a time.
Current minimum standard/pass criteria:
The test shall not result in:
a) Breakage or permanent damage to any part of the door or appliance; or
b) Deflection, measured at a point 6 inch (152 mm) from the rear edge of the door, of more than ½
inch (12.7 mm) from the normal open position of the door.
Suitability:
This test methodology appears to provide a suitable door sound construction test. It does not
incorporate any door opening requirements that would simulate usage of the door and tests the hinges
or hinge runners.

3.3.2.2 Controls
No test standard in related areas has been found that specifically covers the physical
strength of oven controls. However the AHAM Electric Range standard has a structural test
for the cooker top from which some of the parameters could be adopted.
Box 27
Standard:
AHAM ER-1-2012 Household Electric Ranges
Clause:
9.1

Test Method for Evaluating Structural Characteristics of Cooking Top

Test description:
Apply a vertical force of 50 lbs (222 N) without impact to a circular area of 1 inch2 (645 mm2) at several
locations on the cooking top.
Current minimum standard/pass criteria:
There should be no permanent distortion that impairs the proper functioning of the cooktop.
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Suitability:
A test that uses an impact assessment should be considered, using a vertical force on the cooker
controls and knobs.
The test would need to consider and appropriate load/force to be used. The AHAM cooker top uses a
downward force of 222 N. This may be considered too high as the controls are not likely to be
subjected to such a direct impact.

Box 28
Standard:
BS 6222-2: 1997 Domestic kitchen equipment - Part 2: specification for structural performance
requirements and methods of testing for fitted kitchen units
Clause:
Annex G

Determination of the strength of handles

Test description:
Load for 100 N applied, 10 times (6 /minute)
Current minimum standard/pass criteria:
Test standard recommends assessing any apparent defects or changes that have taken place since
the initial inspection prior to the test
Suitability:
The suggested force and number of cycles could be adopted, maybe with a higher specification and
number of parts that should be tested.

Box 29
Standard:
BS EN 60335-2-4:1995 Specification for safety of household and similar electrical appliances - Part 24 : Particular requirements for spin extractors
Clause:
21

Mechanical Strength

21.101 Lids of appliances which are loaded from the top shall have adequate mechanical strength.
Test description:
A rubber hemisphere having a diameter of 70mm and a hardness of between 40 IRHD and 50 IRHD is
fixed to a cylinder having a mass of 20 kg and dropped from a height of 10 cm.
The tests is carried out three times.
Current minimum standard/pass criteria:
In this instance the lid shall not be damaged to the extent that moving parts become accessible.
Suitability:
This test has a higher force applied than the kitchen unit handles test from BS6222 (Box 28) at around
200 N.
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3.3.2.3 Thermostat or thermal fuse
Box 30
Standard:
IEC 60335-1:2010+A1:2013/EN 60335-1:2012 Household and similar electrical appliances — Safety
Part 1: General requirements and IEC/EN 60335-2-6:2003+A13:2013 Household and Similar Electrical
Appliances - Safety
Part 2-6: Particular requirements for stationary cooking ranges, hobs, ovens and similar appliances
Clause:
24.1.4 Controls
Refers to IEC 60730-1 clauses 6.10 and 6.11 (which specifies a means of classifying controls
according to various characteristics, in this instance the number of cycles of actuation (M) for each
manual action or number of automatic cycles (A) of each automatic action)
Test description:
Component is tested according to the manufacturers rating to the given level of switching (clause
17.2)
Current minimum standard/pass criteria:
10 000 cycles for thermostat
1 000 cycles for temperature limiters
Suitability:
This requirement is necessary for an appliance to reach a minimum standard in order to be placed on
the market. It is therefore appropriate to adopt for Ecodesign policy, but will not necessary change the
durability of appliances on the market as they should already meet this level of performance.
A test which is more representative of actual use with heating and cooling periods would provide more
appropriate stress testing. However, information on the duration of use of an oven and the expected
cycling of the thermostat on and off is needed to establish a minimum standard of performance, which
may be less than this safety requirement due to an added temperature-during-test specification in the
test.

3.3.2.4 Oven heating elements (standard and fan)
Box 31
Standard:
AHAM ER-1-2012 Household Electric Ranges
Clause:
8.7.3

Test Method for Evaluating Oven Heating Unit Endurance

Test description:
Oven is heated for 60 minutes, and then allowed to cool for 20 minutes with the current off. This test is
to be performed at 105% of rated voltage.
Test cycle repeated until 3 000 hours of "on" time are recorded.
Watts input of the unit(s) at the test voltage is measured and recorded.
Current minimum standard/pass criteria:
The watts input at the test voltage shall not change more than ± 5% during the 3,000 hour test period.
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Suitability:
As a recognised test specific to this component, this test appears appropriate for the endurance
testing. However, as it stands it would take around 160 days continuous testing to complete the test
with the specified number of cycles. Based on Miele's assumption of 4 hours per week, a minimum 5
year expectation would be closer to 1 000 hours operating time for the oven. Without knowing the
amount of heating during the usage period, it is difficult to specify an appropriate 'on' time for the test.
1 000 would be a worst case scenario. On the basis of 110 uses per year with each use duration 1
hour, as given in the working assumptions, then a minimum requirement of 550 hours representing 5
years may be adequate. But this again does not consider the amount that the element is actually
heating or switching on and off as this will be dependent upon how well an oven retains its heat and
requires additional heating element operation during the use period.
The duration of the test would appear appropriate when compared to the oven manufacturer Miele's
4 000 operating hours test. However, the latter represents a lifespan of around 19 years based upon
Miele's assumption of 4 hours use per week.
There is a similar test for the grill element that could also be adopted - clause 8.7.4 of the same
standard.

3.3.2.5 Fan motor
The fan circulates (usually heated) air around the interior of the oven cavity. Possible
problems arise when debris and grease on the fan blades prevent them from rotating causing
the fan motor to burn out due to overheating as it continues to try to operate.
More durable motors will be able to run under this stress for longer and stall rather than
overheating and burning out.
Box 32
Standard:
IEC 60335-1:2010+A1:2013/EN 60335-1:2012 Household and similar electrical appliances — Safety
Part 2-24
Clause:
Annex AA (normative) Locked-rotor test of fan motors
Test description:
To assess that the fan motor will not reach excessive temperatures if the motor locks or fails to start.
The motor rotor is locked an operated for 15 days (360 hours) and the winding temperatures shall not
exceed certain temperatures given in table 8 of the Part 1 (from 150°C depending upon the class of
motor and other specifications). 72 hours after the test the motor shall withstand an electrical strength
test.
Current minimum standard/pass criteria:
Maximum allowable temperatures are given in the standard.
Suitability:
This test appears to provide a significant endurance requirement. A motor able to withstand 15 days of
locking would seem appropriate; in an oven a motor is not expected to be left on for this duration
without consequences to the functioning of the appliance being noticed. As a normative Annex this is
already a requirement for LVD compliance.
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Box 33
Standard:
European Commission Ecodesign Directive No 666/2013 Vacuum cleaners
Clause:
Annex II Point 8 Operational motor life
(Specific requirement from Sept 2017)
Current minimum standards/pass criteria:
The vacuum cleaner shall run with periods of 14 minutes and 30 seconds on and 30 seconds off.
The test may be discontinued after 500 hours and shall be discontinued after 600 hours.
The total run-time shall be recorded and included in the technical documentation. Air flow, vacuum
and input power shall be determined at appropriate intervals.
Suitability:
The Directive assumes 50 one hour cleaning tasks per year (as specified for energy consumption
calculation). The 500 hour test therefore assumes a motor life of at least 10 years. The test would take
around 20 days of constant running.
On a similar assumption of an oven operating 110 times per year (Ecodesign preparatory study) and a
general working assumption of an oven (therefore fan) operating for 1 hour per use, as similar test
protocol could be used but with a 550 hour total test duration to represent a minimum of 5 years motor
life.
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3.3.3.1 Lamp
Box 34
Standard:
EN 50285:1999 Energy efficiency of electric lamps for household use - Measurement methods
Clause:
6.3

Lamp life

Test description:
Refers to EN60064 for filament and halogen lamps.
EN 60064 Annex A (test procedure): The test cycle is in the operating state with switching off twice
daily for periods on not less than 15 minutes. Only illuminated periods are considered in calculating
the operating hours of the lamp. The lamps are set up in a vertical position in a test rig and operated
using rated voltage (or slightly higher).
Current minimum standard/pass criteria:
For tungsten filament lamps the average life of the sample, i.e. the mean value of the truncated life
distribution as defined in EN 60064, shall be not less than 90% of the declared value.
For other lamp types, the average life of the sample i.e. life to 50% failure, shall be not less than 90%
of the declared value.
For verification purposes, 20 lamps are tested.
Suitability:
This standard is primarily for lamps designed for general household (ambient) lighting and does not
consider the usage conditions for oven lamps. During the test, lamps are not operated as high ambient
temperatures - for ovens a tests needs to include high temperature testing to replicate the operating
conditions. Similarly, lamps are operated free from noticeable vibration; some vibration representing
the operating of a fan should be incorporated.
Based upon the assumptions for the usage for oven elements (taken from Miele's declarations), a
lamp should last for an 'on' time of 1,000 hours. However, further information on usage patterns would
be appropriate before setting a minimum requirement.

The failing of a lamp came up as a frequent issue during the research for Task 2; however, a
lamp should be reasonably easy to replace and should not affect the primary heating function
of the oven.
It is recommended that the prominent positioning of instructions for changing a light bulb in
the appliance manual is a requirement. The European LVD already requires the instructions
to be included for refrigerating appliances64 but not for ovens. This should be extended to
ovens with internal lamps, with tight stipulation of where and how this information is provided.
This is particularly important for halogen bulbs, which require more careful handling.
According to an oven manufacturer,65 oil from the hands can cause the bulb to burn out
prematurely.
Following an initial failure, it may be the consumer that determines the make and
specification of a replacement lamp. Replacement lamps fall under the European Energy
Labelling requirements, as they are considered as a spare part for an appliance whose
primary function is not lighting (e.g. the oven) and are classed as a 'special purpose product'

64
65

EN 60335-2-24:2010 clause 7.12.1
Bosch US advisory YouTube "changing light bulbs in your oven"
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under the European Ecodesign Regulation66. The Ecodesign Regulation requires a
declaration of lamp lifetime, but oven lamps are exempt from this regulation.
It is recommended that oven lamps be required to state a lifetime based upon the same
parameters and characteristic requirements as the Ecodesign Regulation. This will vary
depending upon the type of technology used for the lamp. In the regulation, the definition for
lifetime is specified as:
‘lamp lifetime’ means the period of operating time after which the fraction of the total number
of lamps which continue to operate corresponds to the lamp survival factor of the lamp under
defined conditions and switching frequency.

3.4 Durability test methodology proposal
In order to move forward with a single set of test methods, the information in Section 3.3 has
been condensed to provide the basis for a durability standard. For reference, Tables
Table 22 (fridges) and Table 23 (ovens) provide a summary of the levels of performance
given in the referenced standards and their acceptability, using working assumptions given
for the relevant appliance.
Essentially, the durability tests need to duplicate operating conditions and where necessary,
or appropriate, provide accelerated operating use.
In many cases, it is difficult to specify minimum requirements when the tests have not been
fully developed with durability considerations in mind or described, and referenced standards
do not give specific pass criteria. Piloting is needed to determine what level of performance is
acceptable to represent a specific lifetime expectation, which itself needs to be agreed.

3.4.1 Refrigerators - component test standards summary
Table 22 below summarises the current pass requirements given in existing standards, both
safety and performance. To translate the requirements into periods of use, it was necessary
to use some assumptions about refrigerator usage, as follows:






Thermostats: switching 30 times per day; 10 950 per year; 76 650 for 7 years.
Compressor: switching 30 times per day, on between 30 and 40% of the time.
Defrost heater: operating once per 24 hours.
Door seal: 20 door open cycles per 24 hours.
Door hinge: 20 door open cycles per 24 hours.

Not all components or existing standards state a number of cycles or levels of performance.
This analysis of existing standards demonstrates that assumptions on usage and life time for
a durability test methodology are necessary.
Table 22: Existing requirements for refrigerator components
Component

Existing Standards

Existing requirements

Equivalent years

Thermostat

EN 60335-1:2012

10 000 cycles

0,91 year = 11 months

Compressor

DIN 8974

500 000 cycles

45 years

Compressor

DIN 8978

1 000 hours

41 days

Compressor

DIN 8979

2 000 hours

82 days

Compressor

Miele in house test

50 000 hours

17 years (Miele claim; on for
around 33% of the time)

66

COMMISSION REGULATION (EU) No 1194/2012 of 12 December 2012 implementing Directive 2009/125/EC of the European Parliament and
of the Council with regard to Ecodesign requirements for directional lamps, light emitting diode lamps and related equipment
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Component

Existing Standards

Existing requirements

Equivalent years

Compressor

WRAP specification

21 000 hours

7 years (WRAP claim; on for
around 33% of the time)

Defrost
heater

UL 250

30 000 cycles
100 000 cycles
6 000 cycles

82 years
274 years
16 years

Door seal

WRAP specification

38 000 opening cycles

7 years (WRAP claim; 15
openings per day)
5,2 years based on 20
openings per day

Door seal

UL 250

300 000 (fridge)

41 years

Thermistor

No existing requirement

Door hinge

EN 62552

100 000 opening cycles
(fridge)

13,7 years

Door hinge

Miele in house test

100 000 opening cycles
(fridge)

18 years (Miele claim; 15
openings per day)
13,7 years based on 20
openings per day

Door hinge

UL 250

300 000 (fridge)

41 years

Fan motor

No existing requirement

3.4.2 Refrigerators - proposed standard
The tests proposed below are largely based upon existing test methodologies but where
necessary additional test conditions have been proposed, often to represent actual use
conditions. These include test conditions such as situating the component in its expected
operating environment. For some components, such as controls and switches, the general
safety tests provide a test to cover all types under one test and do not consider the usage
conditions when such a component is used in a particular appliance. Where appropriate,
expected levels of durability-related performance have been provided as a provisional
benchmark. It has not always been possible to specify such minimum standards.
Number of cycles is based upon general information about appliance behaviour and a
guideline expected minimum lifetime of 7 years. These characteristics may need to be
adjusted following consultation with stakeholders.
Where no suitable test for adaptation or partial adoption has been found, a basic description
of an appropriate test has been given. Consultation with stakeholders will enable the project
to develop and specify the necessary tests.

1. Thermostat
1.1 Thermostat endurance test
1.1.1

Test conditions as in IEC 60335-1:2010+A1:2013

IEC 60335-1:2010+A1:2013

Clause 24.1.4 Controls

Box 1

Additional test conditions; ambient temperature same as
expected range during operation with high humidity (to be
specified)
1.1.2

Minimum requirement
75 000 cycles (minimum 7 year lifetime estimate)
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1.2 Design Specifications
Use of negative temperature coefficient (NTC) thermistors and soldered
connectors, as long as this does not prohibit replacement of the circuit
boards (PCB) or other key components

WRAP Guidance and
specifications

2. Compressor
2.1 Compressor fastening endurance
2.1.1

2.1.2

Test according to DIN 8974

DIN 8974

Compressor cycling on and off

Box 2

Minimum requirement

based upon CECED
information - to be
reviewed

500 000 switching cycles

2.2 Compressor wear test
2.2.1

Test according to DIN 8978

DIN 8978

Efficiency and sound power level recorded before and after test
for comparison

Box 3

Additional severe test conditions e.g. with vapour temperatures
of -40°C are suggested in the standard
2.2.2

Minimum requirement
1 000 hours uninterrupted running (as given for 'long term' test
in DIN standard)
Acceptable levels of efficiency and sound power level compared
to before test need to be agreed
Duration of test to be reviewed through consultation with
stakeholders to ensure it is representative for a usage test

2.3 Compressor high temperature testing
2.3.1

Test according to DIN 8979

2.3.2

Minimum requirement

DIN 8979

Box 4

2 000 hours uninterrupted running
Duration of test to be reviewed through consultation with
stakeholders to ensure it is representative for a usage test and
determine an expected level of performance
2.4 Accelerated life test
2.4.1

Test conditions and requirements to be agreed

2.4.2

Minimum requirements
To be decided according to nature of accelerated test

3. Defrost heater
3.1 Defrost heater element endurance
3.1.1

Test based upon UL 250
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Clause 8.20.1
Heater element and controls connected.
Additional test conditions; ambient temperature of -18°C with
high humidity (to be specified)

3.1.2

Minimum requirements
2 500 cycles

Based on calculation of
number of defrost cycles
in 7 year lifetime (see
Suitability: Box 9)

3.2 Defrost heater control endurance
3.1.1

Test based upon UL 250

UL 250

Box 9

Clause 8.20.1
Heater element and controls connected.
Additional test conditions; ambient temperature of -18°C with
high humidity (to be specified)
3.1.2

Minimum requirements
2 500 cycles

Based on calculation of
number of defrost cycles
in 7 year lifetime (see
Suitability: Box 9)

4. Door seal
4.1 Door seal endurance - door opening test
4.1.1

Test based upon WRAP specification

WRAP Box 12

30 kg loaded evenly across door shelves
50 000 door opening cycles
Door seal subjected to operating conditions (cooling associated
with a fridge or freezer)
Door seal test - the EN62552 air-tightness (clause 9) is not
adequate as it is not
discerning enough; an alternative
evaluation is necessary
4.1.2

Minimum requirements
Requirements will depend upon the agreement of an acceptable
performance assessment after the test

5. Thermistor
5.1 Thermistor endurance test
5.1.1

Test conditions as in IEC 60335-1:2010+A1:2013

IEC 603351:2010+A1:2013

Clause 24.1.4 Controls
Box 1
Additional test conditions; ambient temperature same as range
during operation with
high humidity (to be specified)
5.1.2

Minimum requirement
75 000 cycles

(minimum 7 year lifetime estimate)
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lifetime

5.2 Design Specifications
Use of negative temperature coefficient (NTC) thermistors and
soldered connectors, as long as this does not prohibit
replacement of the circuit boards (PCB) or other key
components

WRAP Guidance
specifications

6. Door hinges
6.1

Door hinge durability

6.1.1

Test based upon WRAP specification and UL250 clause 8.29.2

WRAP

Box 16

30 kg loaded evenly across door shelves

UL250

Box 18

50 000 door opening cycles
34 kg load is then applied vertically downward at the outer edge
of the door. This is done with the door open to 15° for one hour
and 90° for one hour.
6.1.2

Minimum requirement

WRAP

No damage, failure or significant deflection or sag (>2 mm in any
direction) to door, hinges or shelves.

BS 6222-2: 1997
Box 25

7. Fan motors
7.1 Impedance protected motor test
7.1.1

Test based upon UL250

UL250

Box 20

Clause 9.13
Additional test conditions; ambient temperature same as range
during operation with high humidity (to be specified)
7.1.2

Minimum requirement
Operation within expected temperature range (given in IEC
60335-1:2010+A1:2013/EN60335-1:2012 Household and similar
electrical appliances — Safety Part 2 - 24 Annex AA)

IEC 603351:2010+A1:2013
Box 19

15 days continuous operation (as in IEC 60335 Part 2-24 Annex
AA)
72 hours after the test the motor shall withstand an electrical
strength test.

7.2 Motor endurance test
7.2.1

Test conditions and requirements to be agreed
Stress test with locked motor to distinguish motors that are able
to run under
operating conditions with blades prevented from
turning without burning out, or alternatively stalling to protect
the motor operation
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7.2.2

Minimum requirements
To be decided according to nature of accelerated/stress test

Ovens - component test standards summary
Table 23 below summarised the current pass requirements given in existing standards, both
safety and performance.
To translate the requirements into periods of use, it was necessary to use some assumptions
about oven usage. Usage per year is taken as a European average reported in the
Ecodesign preparatory studies, but it is acknowledged that there is great variation across
Europe. For some aspects, such as the duration of each use, no substantiated information
has been found, so for the purpose of providing some comparison and basis for drawing up
possible test requirements, some working assumptions have had to be used. The
assumptions used are as follows:






Assume 110 uses67 per year as an average across Europe to provide a benchmark
for the development of the durability test method.
Hinge runners: 110 uses per year, 4 opening cycles per use; 2 200 cycles for a 5
year lifespan.
Thermostat: No information is available on which to base assumptions. Will be linked
to on/off cycling of heating elements
Oven heating elements: No information is available on which to base assumptions;
need typical cycling on and off to maintain a temperature for specific time.
Fan motor: 110 uses per year. Each use 1 hour (this is a working assumption as no
evidence is yet available)

Not all existing standards state a number of cycles or levels of performance. This analysis of
existing standards demonstrates that assumptions on usage and life time for a durability test
methodology are necessary. This is more challenging with an appliance such as an oven due
to broad variations in consumer behaviour, especially across Europe.
Table 23: Existing requirements for oven components
Component

Existing Standards

Existing requirements

Equivalent years

Hinge runners

EN 60335-2-6:2003

5 000 opening cycles

1 250 uses
11,4 years

Hinge runners

EN 60335-2-6:2003

100 000 opening cycles

25 000 uses
227 years

Hinge runners

AHAM ER-1-2012

25 000 opening cycles

6 250 uses
56,8 years

Hinge runners

Miele in house tests

24 000 opening cycles

6 000 uses
54 years

Hinge runners

BS 6222-2: 1997

40 000 opening cycles

10 000 uses
90,9 years

Controls

No existing requirement

Thermostat

EN 60335-2-6:2003

10 000 cycles

Not calculated

Oven heating elements

AHAM ER-1-2012

3 000 hours on

Not calculated

Fan motor

67

No existing requirement

As suggested in the Ecodesign preparatory study
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Component

Existing Standards

Lamps

Existing requirements

Equivalent years

No existing requirement

3.4.3 Ovens - proposed standard
The tests proposed below are mostly based upon existing test methodologies but sometimes
with additional test conditions, often to represent actual use conditions and expected levels
of performance. It has not always been possible to specify minimum standards.
The oven tests require assumptions with regard to the number of uses, and associated door
openings and cycling of heating periods, to provide hours 'on' for some components (e.g.
heating elements) and total usage time for others (lamps). This would need to be agreed with
stakeholders to be appropriate for the European market. The Ecodesign preparatory study
for ovens referred to information from an earlier Save study68 which illustrates different
cooking habits across Europe. The frequency of using the oven ranged from 23 times a year
in Italy to 185 in Finland; an average of 110 times per year was stated for Europe as a whole.
Piloting of tests to ensure they are suitable for all types of appliance and components is also
necessary as well as consideration of repeatability and reproducibility which is required for a
robust test method.
As a guideline, a minimum expected life of 5 years for an oven has been used as the basis
for beginning to define some acceptable test requirements.

1. Hinge runners
1.1 Hinge runner endurance test
1.1.1

1.1.2

Door opened fully and closed with a force of 90N to the handle
(IEC/EN 60335-2-6:2003+A13:2013 Household and Similar
Electrical Appliances - Safety Part 2-6 22.108 Door test pyrolytic self-cleaning ovens)
Opening cycle: 15 times per minute (AHAM ER-1-2012 Clause
9.3.1 Sturdiness of oven Doors)

IEC 60335-26:2003+A13:2013

2 000 cycles

Based on working
assumptions for a 5 year
life - to be discussed

Box 22
AHAM ER-1-2012
Box 23

Minimum requirements
Observation of door fit and mechanism should allow normal
door operation; no damaged or failure or significant deflection or
sag (> 2 mm in any direction) to the doors or hinges (WRAP)

WRAP
BS 6222-2: 1997
Box 25

1.2 Hinge integrity test
1.2.1

Test according to UL 858 Household electric ranges Clause 34
oven door integrity

1.2.2

Minimum requirements
As specified in UL 858; no damage or deflection

68

UL 858

Box 26

Kasanen, P. (2000) "Save II Project - Final Report on Efficient Domestic Ovens"
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2. Controls
2.1 Structural integrity of (external) cooker controls
2.1.1

2.1.2

Test based upon BS6222 and EN 60335 Part 2-4

BS 6222-2:1997 Box 28

A rubber hemisphere having a diameter of 70mm and a
hardness of between 40 IRHD and 50 IRHD is fixed to a cylinder
having a mass of 10 kg and dropped from a height of 10 cm.

and

Load applied 10 times (6 per minute)

Box 29

EN 60335 Part 2-4

Minimum requirements
There should be no permanent distortion or damage that impairs
the proper functioning
A more specific formal measurement of acceptable pass criteria
may be necessary and a review of the mass of the dropped
cylinder

3. Thermostat
3.1 Thermostat endurance test
3.1.1

Test based upon EN 60335-1:2012 Part 1 and EN 60335-26:2003+A13:2013 Part 2-6
Clause 24.1.4
Additional test conditions; ambient temperature cycles to
represent usage based AHAM ER-1-2012 Household Electric
Ranges clause 8.7.3 Oven Heating Unit Endurance

EN 60335-1:2012
EN 60335-26:2003+A13:2013
Box 30
AHAM ER-1-2012
Box 31

3.1.2 Minimum requirements
Number of cycles to be considered further, 10 000 for normal
safety test may not be realistic with the added stressed of heat
cycling proposed here. Requires information on expected
frequency of switching during heating cycles proposed.

4. Oven heating elements
4.1

Oven heating element endurance test

4.1.1 Test based upon AHAM ER-1-2012 Household Electric Ranges
Clause 8.7.3 Oven Heating Unit Endurance
Heating and cooling cycle (60 mins heating, 20 mins cooling)
105% rated voltage
Test cycle repeated until 550 hours of "on" time are recorded.

AHAM ER-1-2012
Box 31

Working assumptions
(see Box 31Suitability)

Watts input of the unit(s) at the test voltage is measured and
recorded
4.1.2 Minimum requirements
Number of cycles above to be completed without failure
The watts input at the test voltage shall not change more than ±
5% during the test period

Working assumptions
(see Box 31Suitability)

5. Fan motor
5.1 Motor endurance test
5.1.1 Test conditions and requirements to be agreed
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Stress test with locked motor to distinguish motors that are able to
run under operating conditions with blades prevented from turning
without burning out, or alternatively stalling to protect the motor
operation
Expected heated ambient temperature to be considered in the
test.
Test conditions as used for oven heating elements above could be
incorporated to simulate usage conditions
5.1.2 Minimum requirements
To be decided according to nature of accelerated/stress test

5.2

Operational motor life

5.2.1

Test based upon Commission Regulation No 666/2013
Ecodesign requirements for vacuum cleaners.

Ecodesign Regulation
No 666/2013 Box 33

The fan shall run intermittently with periods of 14 minutes 30
seconds on and 30 seconds off. Test carried out in heated
cabinet to represent usage.
5.2.2

Minimum requirements
550 hours (to represent 110 hours per year for 5 years)

Working
assumption
(see Suitability Box 33)

6. Lamps
6.1 Lamp life
6.1.1

Test based upon EN 50285:1999 Energy efficiency of electric
lamps for household use - Measurement methods

EN 50285:1999 Box 34

Clause 6.3 Lamp life (which refers to EN60064 Annex A test
procedure)
Additional test conditions to include heating and vibration
representative of an oven
6.1.2

Minimum requirements
Test duration to be equivalent to number of hours expected from
5 years usage

3.4.4 Durability Test Standard Development
Having identified what are considered to be the main failure points and components for the
appliances specified in Task 1, and having drawn together a range of related test standards
in Task 2, this Task 3 report has considered how existing standards could be adopted or
adapted for a more specific durability requirement. Subsequent to this, it is essential that the
appropriate standards bodies and technical committees are engaged to ensure particular
product expertise is incorporated into the standards development process. The practicality of
some of the tests proposed and acceptable levels of performance need to be developed
further.
In developing the test standards further, it is essential that the industry is included in the
process. This will help consider any 'future proofing' aspects of the tests, and capture any
potential alternative design or technological advances that need to be incorporated.
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3.5 Durability Generic Requirements
There are some characteristics of appliances that cause common problems for consumers
that could be addressed through generic requirements on design and construction. Inferior
design aspects considered here may affect the performance of an appliance creating
stresses on other components and leading to appliance failures. Additionally, design or
component failures that do not directly affect the primary function of an appliance may lead to
general consumer dissatisfaction or inconvenience and result in an appliance being
discarded earlier than functionally necessary. The principle of having generic requirements is
that they apply in the same way as the current Ecodesign Regulations, i.e. generic
requirements can apply broadly across the scope of the appliances, with specific
requirements being those relating to the more technical performance of the components.
Some generic requirements apply to the particular appliance types considered here as
identified in Task 1, some can also be applied to other appliances.

3.5.1 Drainage channels - refrigerating appliances
The failure of drainage holes to operate effectively and remove defrost water did not feature
highly in the research for this project. However, it is covered in the WRAP research,
"Specification and guidance for improving durability", and could have durability implications if
the failure produces stresses on other components. A requirement that considers the design
of the internal drain hole and the pipe work at the back of the refrigerating cabinet for
draining defrost water is recommended. It is common for the drain channels and drain holes
to block with debris which can lead to flooding of the fridge compartment after a defrost
cycle. These design issues are addressed in the draft "Specification and guidance for
improving durability" produced by WRAP69, which already give recommendations as to the
designs that demonstrate improved performance.

3.5.2 Door seals - refrigerating appliances and ovens
Door seals are another component that can show wear through cracking and also
accumulate dirt. The air tightness of the refrigerator door can be affected over time but the
specification of removable, replaceable door seals could extend the life of the appliance.
These design issues are also addressed in the "Specification and guidance for improving
durability" produced by WRAP with recommendations presented.

3.5.3 Lamps - all appliances
The European Standard for Safety for refrigeration appliances (EN 60335-2-24:2010) already
has a requirement for instructions to include the method for replacing illuminating lamps for
refrigerating appliances. This is not the case for the equivalent safety standard for ovens.
The inclusion of instructions for replacing the lamp should be a requirement highlighted as a
generic requirement for any durability standard for all appliances that use a lamp to assist
consumer use of the product. The requirement for the details to be provided more
prominently within the instructions would be appropriate.
Access to the lamp may also be an issue and there should be a design requirement to
enable easy access for the user to replace a lamp for all appliances incorporating a lamp.

3.5.4 Thermostat and electronic controls - all appliances
The WRAP document "Specification and guidance for improving durability" provides
suggestions for the types of components that should be used e.g. soldered connectors

69

WRAP have been producing documents for brand and retail technical managers, buyers and supplied to assist in the procurement of, and
building of durable fridge freezers.
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(minimum requirements) as well as other physical attributes such as the availability of
replacement control PCBs and accessibility of components such as thermostats and PCBs.
Design specifications such as these could be included as a generic requirement for a
durability standard.

3.5.5 User guides - all appliances
In the WRAP specification and guidance for improving durability, the user instructions have
been identified as being an area where inadequacy can lead to appliance failure. Some
installation and maintenance issues may reduce the durability of an appliance. With this in
mind, WRAP recommends providing a "Quick Start" instruction sheet that should be located
at the top of the appliance packaging to ensure the consumer notices it.
For fridge-freezers, the suggested information should include details such as:




Emphasis on the need to locate the product in a well-ventilated place to prevent
overheating
Emphasis on using the product correctly, e.g. in the [appropriate] ambient
temperature range, minimising door opening etc.
Emphasis on the need for regular cleaning, i.e. how and when to do this.

Additionally WRAP recommends:


A removable sticker placed inside at the back of the fridge to clearly indicate where
the drain hole is.

A small plastic cleaning plunger to facilitate drain hole cleaning

An easy-peel label on the rear of the fridge to indicate that the removal of spacers
could prevent the unit from cooling adequately.
It is recommended that pointers such as these should be specified as generic requirements.
The use of easy-peel labels could be further extended to provide information directly on the
appliance for clearance recommendations and pointers that WRAP suggest on the "Quick
Start" information sheet.

3.5.6 Reparability - all appliances
Although repairs were defined as not an element of durability itself, they are a clear aspect of
extended product life. With this in mind, in order to maximise the life of an appliance, generic
requirements for the design and construction of an appliance to facilitate access to parts and
reparability are recommended.
The proposed Austrian standard identifies some specific issues to address, from accessibility
of components to clear instructions to preserve the life of an appliance through encouraging
consumers with regular maintenance (see Task 2, Section 2.1.2.1). This could be considered
as building on the provision of information to consumers recommended by WRAP.
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3.6 Summary and Conclusion
Task 3 records the iterative process of condensing information on test standards collected for
Task 2 to propose test methods for component level durability testing. Each component
identified in Task 2 as being important in the lifetime of an appliance was considered, along
with test standards relating to the component or its function.
Existing durability test methods were not identified for the majority of components. Where
tests do not exist that can be directly adopted, it has been necessary to review existing
performance, and more frequently, safety standards to consider test parameters that could
be suitable. In some cases, aspects from different test standards have been considered
together to propose a test method. Additionally, any information and experience on durability
testing from stakeholders, such as manufacturers, was considered.
For some components, the test standard referenced may be generic to a component that is
not specified for its end use application. In such circumstances, the existing pass criteria are
not necessarily appropriate to the specific use in the refrigerating appliances or ovens. A set
of working assumptions have been used to provide a basis for specifying expected usage
and conditions of use and therefore a minimum expectation of the durability of a component.
Further analysis and evidence is necessary to ensure that a consensus can be reached for
the working assumptions and also encompass any future technology developments and
usage changes.
The proposed test standards for refrigerating appliances and ovens given in this task report
aim to reflect the approach and format usually given for industry standards. However, it is the
role of standards organisations to agree and formulate test standards so further work is
expected in order to take this research and proposal forward. There are some areas where
the need for a test has been identified, but no existing or appropriate methodology has been
found. In these instances, technical expertise and development work will be necessary. For
all the tests, piloting will be necessary to ensure consistency of a test method, in terms of
repeatability and reproducibility, and also to agree minimum standards.
The research undertaken to identify significant components and test methods also resulted in
information regarding design and construction that can affect a product's durability. Some of
this was specific to the appliances focused on; some could be applied across a range of
consumer products. Suggestions to incorporate design and/or construction improvements
are proposed as generic requirements, which can be considered irrespective of the durability
test requirements. They could contribute to consumers' levels of satisfaction with an
appliance through use and maintenance. Dissatisfaction with an appliance due to design
issues that do not directly affect the primary function of an appliance could contribute to an
earlier replacement than is necessary.
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Task 4 – Cost Benefit Analysis of using
more durable products
4.1 Environmental impacts and benefits of using more
durable products
The environmental impacts and benefits deriving from the production and use of durable
alternatives to the products identified in Task 1 are evaluated here through a comparative
analysis.
The comparative evaluation is carried out through a Life Cycle Assessment (LCA) of the two
product groups selected in Task 1, assessing:



the current performances of products available on the market (standard version)
innovative technical measures that can be applied to make the product groups more
durable (durable version).

By employing the LCA approach, it has been possible to study the environmental aspects
and the potential impacts of the product whole life cycle (“from cradle to grave”) and to carry
out an objective evaluation of what advantages or additional burdens increased durability
may yield. The comparative evaluation has been performed taking into account a very wide
range of categories of environmental impacts, and not just the few parameters that are often
considered.

4.1.1 Method for the environmental assessment of the durability of energy
using products
The method developed by Ardente and Mathieux70 to analyse the environmental assessment
of the durability of products has been used in this comparative analysis. The method is
based on the comparison, from a life cycle perspective, of different scenarios concerning the
length of the lifetime of a target product and its potential substitution with a better performing
alternative.
The aim of creating more durable products is to create products with a longer first life time,
as defined in Task 1. The work here develops two scenarios:



The standard product scenario
The durable product scenario.

The key point of the durable scenario is that the product, naturally, will have a longer lifespan
than the standard scenario. Consequently it is necessary to take into consideration the
production of two products within the standard scenario (standard product A + standard
product B) to ensure the same timeframe is being considered for the two scenarios, and to
consider that standard product B will be a newer product, and that only a certain proportion
of its lifetime impacts need be taken into account. This approach is illustrated in Figure 5
below, and has been used for both refrigerators and electric ovens.

70

F. Ardente, F. Mathieux; Journal of Cleaner Production 74 (2014) 62-73
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Figure 5 The ‘durable product’ with an extended lifetime, and the ‘standard product’
lifetime, which actually encompasses the original product (A) and part of the lifetime
of its replacement product (B)

The input information for this analysis was significantly improved through the contribution
from a major European producer (Whirlpool Europe). This established that the expected life
of an electric oven and a refrigerator is, at least, 10 years. This information is based on the
standard sector tests, which are limited to a 10 year lifespan, and which test products to the
full operational requirements after a stress test that simulates standard use equivalent to 10
years. Economic and practical limitations mean that such tests are performed for 10 years.
Within this section of the study therefore, the lifetime for both a standard oven and a
standard refrigerator has been taken as 10 years.
Based on the inputs discussed above, the following alternative solutions will be compared:
Refrigerator

Standard scenario: standard product A (10 years), plus 50% of the
lifetime impact of standard product B (5 years assessed).
Durable scenario: Durable product (15 years).

Electric Oven

Standard scenario: standard product A (10 years), plus 50% of the
lifetime impact of standard product B (5 years assessed)
Durable scenario: Durable product (15 years).

4.1.2 Product environmental footprint
The comparative Life Cycle Assessment has been performed according to the Product
Environmental Footprint (PEF) methodology adopted and promoted by the European
Commission (2013/179/EU Commission Recommendation on the use of common methods
to measure and communicate the life cycle environmental performance of products and
organizations).
4.1.2.1 System Boundaries and Impact Assessment Method
The chosen system boundaries and impact assessment method are identical for the two
studied products, so are discussed here before looking at the two products separately.
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System boundaries
The system boundaries define which phases of the life cycle and which associated
processes belong to the products under analysis.
Figure 6 below shows the boundaries of both the standard and durable product systems
studied, including all life cycle stages from raw material extraction to processing, production,
the use stage and end-of-life treatments. This study can therefore be defined as a cradle-tograve study.
Figure 6 The boundaries established for the products considered

Environmental Footprint Impact Categories and Assessment Methods
ILCD 2011 midpoint is the method developed by the European Commission Joint Research
Centre (JRC) in 2012, and was chosen to be the method used to calculate the environmental
impacts of the two product systems considered here. It supports the proper use of
characterisation factors for the assessment of environmental impacts, as recommended in
the ILCD guidelines, in the document “Recommendations for life cycle impact assessment in
the European context”.
Table 24 below gives the impact categories selected to be considered together with their
description.
Table 24 Environmental footprint impact categories selected
Impact Categories

Indicator

Description

Climate Change (GWP
100)

kg CO2
eq

Capacity of a greenhouse gas to influence radiative forcing. It relates to the
capacity to influence changes in the global, average surface-air temperature
and subsequent change in various climate parameters and their effects, such
as storm frequency and intensity, rainfall intensity and frequency of flooding,
etc.

Ozone Depletion

kg CFC11 eq

Ozone Depletion accounts for the degradation of stratospheric ozone due to
emissions of ozone depleting substances, for example long-lived chlorine and
bromine-containing gases (e.g. CFCs, HCFCs, Halons).

CTUh

Human Toxicity –cancer - accounts for the adverse health effects on human
beings caused by the intake of toxic substances through inhalation of air,
food/water ingestion, penetration through the skin insofar as they are related
to cancer.

Human Toxicity - cancer
effects
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Impact Categories

Indicator

Description

CTUh

Human Toxicity- non cancer – accounts for the adverse health effects on
human beings caused by the intake of toxic substances through inhalation of
air, food/water ingestion, penetration through the skin insofar as they are
related to non-cancer effects that are not caused by particulate
matter/respiratory inorganics or ionising radiation.

Particulate
Matter/Respiratory
Inorganics

kg PM2.5
eq

Particulate Matter/Respiratory Inorganics accounts for the adverse health
effects on human health caused by emissions of Particulate Matter (PM) and
its precursors (NOx, SOx, NH3)

Ionising Radiation –
human health effects

kg U235
eq

Ionising Radiation, human health accounts for the adverse health effects on
human health caused by radioactive releases.

Photochemical Ozone
Formation

kg
NMVOC
eq

Photochemical Ozone Formation accounts for the formation of ozone at the
ground level of the troposphere caused by photochemical oxidation of Volatile
Organic Compounds (VOCs) and carbon monoxide (CO) in the presence of
nitrogen oxides (NOx) and sunlight. High concentrations of ground-level
tropospheric ozone damage vegetation, human respiratory tracts and
manmade materials through reaction with organic materials.

Acidification

molc H+
eq

Acidification addresses impacts due to acidifying substances in the
environment. Emissions of NOx, NH3 and SOx lead to releases of hydrogen
ions (H+) when the gases are mineralised. The protons contribute to the
acidification of soils and water when they are released in areas where the
buffering capacity is low, resulting in forest decline and lakes acidification.

mol N eq

Nutrients (mainly nitrogen and phosphorus) from sewage outfalls and
fertilised farmland accelerate the growth of algae and other vegetation in
water. The degradation of organic material consumes oxygen resulting in
oxygen deficiency and, in some cases, fish death. Eutrophication translates
the quantity of emission of substances into a common measure expressed as
the oxygen required for the degradation of dead biomass.

kg P eq

Nutrients (mainly nitrogen and phosphorus) from sewage outfalls and
fertilised farmland accelerate the growth of algae and other vegetation in
water. The degradation of organic material consumes oxygen resulting in
oxygen deficiency and, in some cases, fish death. Eutrophication translates
the quantity of emission of substances into a common measure expressed as
the oxygen required for the degradation of dead biomass.

kg N eq

Nutrients (mainly nitrogen and phosphorus) from sewage outfalls and
fertilised farmland accelerate the growth of algae and other vegetation in
water. The degradation of organic material consumes oxygen resulting in
oxygen deficiency and, in some cases, fish death. Eutrophication translates
the quantity of emission of substances into a common measure expressed as
the oxygen required for the degradation of dead biomass.

Human Toxicity – noncancer effects

Eutrophication –
terrestrial

Eutrophication – aquatic

Eutrophication – marine

CTUe

Ecotoxicity addresses the toxic impacts on an ecosystem, which damage
individual species and change the structure and function of the ecosystem.
Ecotoxicity is a result of a variety of different toxicological mechanisms
caused by the release of substances with a direct effect on the health of the
ecosystem.

Land Transformation

kg C
deficit

Land Transformation relates to use (occupation) and conversion
(transformation) of land area by activities such as agriculture, roads, housing,
mining, etc. Land occupation considers the effects of the land use, the
amount of area involved and the duration of its occupation (changes in quality
multiplied by area and duration). Land transformation considers the extent of
changes in land properties and the area affected (changes in quality
multiplied by the area).

Resource Depletion –
water use related to
local scarcity of water

m3 water
eq

Ecotoxicity for aquatic
fresh water

Mineral, fossil &
renewable resource
depletion

kg Sb eq

Resource Depletion addresses use of natural resources, either renewable or
non-renewable, biotic or abiotic.

Resource Depletion addresses use of natural resources, either renewable or
non-renewable, biotic or abiotic.

4.1.2.2 Data source and assumptions
Data availability has been the main challenge within this task. The start point of the work was
the Ecodesign Preparatory Studies completed in 2008, which provide a detailed set of
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lifecycle information. The intention was to build on this data set, as it is widely acknowledged
as now being dated, with more up to date information sourced from manufacturers and more
recent literature identified during the study focusing specifically on the components identified
in Task 2 as the common points where these products may fail.
However, no significant updates to the data within the Ecodesign information set were
identified in the literature (either for cold products Lot 13 or for domestic ovens Lot 22), and
furthermore little information was available from manufacturers despite significant efforts to
gather this throughout the project. During the project workshop, it was highlighted by
manufacturers that they themselves may not be able to identify the difference between
components in terms of material composition (where one may be, by intention, more durable
than another), as such components are commonly sourced from third parties.
However, information was sourced directly from a major European Manufacturer (Whirlpool
Europe) who greatly assisted this study. The information and assumptions provided by this
manufacturer have guided the second of the two models described for each product group.
1. The first model used below for both product groups is based on the best available
literature data, which in both cases is the Preparatory Study for Eco-design. This
model reflects the assumptions on durability which are consistent with the previous
Tasks of this Report (Tasks 1-3).
2. The second model is based on the expert judgement of a major European
manufacturer (Whirlpool Europe) and reflects a different view on durability, based on
the assumption (not resulting from the previous tasks of this Report) that durability
can be increased by reducing the risks of accidental events which are not related to
the intended use of the product (i.e. breaking a door hinge due to excessive force
applied, etc.). Those risks can be managed by applying preventive extra
maintenance interventions such as substitution of some components which may be
damaged and affected by accidental events.

4.1.3 PEF – Refrigerator
The goal of the work undertaken is to compare alternative environmental footprints of two
different refrigerators; the standard product and the more durable product, from cradle to
grave, in order to identify the advantages or additional burdens that increased durability
yields.
Working with the data available as described above (Section 2.2.2), two different models
were run, comparing a standard product scenario against a durable product scenario.
Model 1: Uses the best available literature data, Preparatory Study for Eco-design Lot
13 and the assumptions on durability which are consistent with the previous Tasks of
this Report (Tasks 1-3).
Model 2: Based on the expert judgement of a major European manufacturer
(Whirlpool Europe) and is based on the assumption that durability can be increased
by reducing the risks of accidental events which are not related to the intended use of
the product (i.e. breaking a refrigerator door hinge due to excessive force applied,
etc.), through extra maintenance and substitution of some components which may be
damaged and affected by accidental events.
4.1.3.1 Model 1: Comparative analysis of refrigerator-freezer using life cycle
inventory data from literature
The comparative analysis on the two refrigerator-freezers was performed using the life cycle
inventory data published on the Preparatory Study for Eco-design Lot 13. The life cycle
inventory data used for the refrigerator-freezer comparative analysis refers to the average
reference model of refrigerator-freezer (category 7) selected on the basis of CECED’s
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(European Committee of Domestic Equipment Manufacturers) technical database updated to
2005 and sales data for 2004.
As described on the Preparatory Study Lot 13, the characteristics of the average reference
model refrigerator-freezer are:








Free-standing, without No Frost, two door, top
thermostat/compressor
Gross volume: 294 litres
Net volume: 277 litres
Fresh food compartment volume: 209 litres
Frozen food compartment volume: 67 litres (4 stars)
Energy efficiency class: A (324,4 kWh/year)
Refrigerating agent: HC (hydrocarbon)

mounted

freezer,

one

For the comparative analysis, it is assumed that the standard product A and the durable
product have the same characteristics as that described above including the EEI (Energy
Efficiency Index) class, both as class A.
Within the standard product scenario, standard product A will last for 10 years, and will then
be replaced with standard product B. As standard product B will be newer than both the
standard product A and the durable product considered, the substituting standard product B
will have a higher energy efficiency.
The level of this energy efficiency improvement is one of the key variables within the models
explored here. The effective improvement in energy efficiency achieved over the past decade
has been 40%, and so our starting point here was to assume that the energy consumption of
the substituting standard product B during the use would be 60% of that of the old product.
According to the current European energy labelling of cold appliances, the substitution of a
product in class A with one in energy class A+ implies a 22,6% reduction in energy
consumption, while substituting with a class A++ product implies a 43% reduction in energy
consumption.
However, recognising that this is a critical assumption, we performed a sensitivity analysis of
this assumption, see Section 4.1.3.1.1, which ranged from 60% (start point here) to 100%
(no more efficient than the standard product A).
It is assumed that all the standard A and standard B products have the same average
lifetime (10 years).
Although improvements in energy efficiency often result from technology changes such as
the use of new components and materials, it has not been possible to explore the component
material changes due to the lack of data at this level, as previously discussed. Therefore,
within this work, it is assumed that the standard product A and substituting standard product
B are constructed from the same materials, have the same manufacturing process and have
the same end of life scenarios and, hence, the production and end of life phases are the
same. It is also assumed that standard product A and the durable product have similar
manufacturing processes, similar end of life processes and are constructed with the same
amount and typology of materials, but with one exception: the amount of copper used within
the more durable product has been increased by 10% to account for a more durable cooling
system which will better prevent leakages. This modification was carried out on the basis of
advice received from technical experts.
Unit of analysis
The unit of analysis set out below defines the two alternative product systems (standard
product and durable product) to be evaluated and provides the reference for all
environmental impacts.
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Standard scenario
The function provided

Categories
The extent of
the function

Energy (kWh/year)

Standard Product A
refrigerator freezer

Standard Product B
refrigerator freezer

Household refrigerating appliance intended for refrigerating and
freezing foodstuffs, for non-professional purposes, cooled by
energy-consuming processes.
7: Refrigerator freezer: A freestanding refrigerator-freezer,
without no frost, two door, top mounted freezer, with the
following characteristics
324,471

194,6472

Net volume (l)

277

Refrigeration agent (gas)
The duration of the product
The NACE code

Durable scenario
The function provided

Categories
The extent
of the
function

R134a
10 years
27.5.1 - Manufacture of electric domestic appliances

Durable refrigerator freezer
Household refrigerating appliance intended for refrigerating and
freezing foodstuffs, for non-professional purposes, cooled by
energy-consuming processes.
7 - Refrigerator freezer: A freestanding refrigerator-freezer,
without no frost, two door, top mounted freezer, with the
following characteristics

Energy (kWh/year)

324,4

Net volume (l)

277

Refrigeration agent (gas)
The duration of the product
The NACE code

R134a
15 years
2.3.1 - Manufacture of electric domestic appliances

Life cycle inventory data
The life cycle inventory data represents the inventory of all materials, energy resource inputs
and outputs and emissions associated with the life-cycle stages of the selected product
systems (standard and durable) included in the defined system boundaries.
This first comparative analysis has been performed using the life cycle inventory data
published on the Preparatory Study for Eco-design Lot 13 (Task 5, annex C, Table 5.38) and
reported below.

71
72

As indicated in section 5.2.2 - task 5 of Preparatory Study for Eco-design Lot 13.
This corresponds to an energy consumption reduction of 40% compared to standard A product.
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Table 25 Inventory data for the standard refrigerator ‘A’, for the standard product B
and durable product. In order to avoid repetition only data that differs from the
standard product A has been reported
Unit

Differences for
Refrigerator
freezer B

Refrigerator
freezer A

Differences for
Refrigerator
freezer Durable

Production phase73
Ferrous metals
Ferrous metals
Iron
Steel + plastic
Stainless steel
Steel
Steel strip
Non-ferrous metals
Aluminium
Copper
Zinc
Plastics
polypropylene – PP
Wood
Acrylonitrile-butadiene-styrene –
ABS
Elastomers - EPDM
expanded polystyrene – EPS
polyamides – PA
polycarbonate – PC
Polyethylene – PE + PE foil
polyethylene terephthalate – PET
polyoxymethylene – POM
polypropylene – PP
Polystyrene - PS
polyurethanes – PU foam
polyvinyl chloride – PVC
Miscellaneous
Adhesive tape
Paint
Glass
Glue
Paper
Refrigerant R134a
EPDM rubber
Thermostat
WIRe + Wiring (Copper)
Electronics for control units
Lubricating oil
Packaging
Cardboard
expanded polystyrene – EPS
Polyethylene – PE foil
Transport for assembling
Truck
Ship
Assembling
Electricity medium voltage74
Heat gas
Water
Lubricating oil
Nitrogen
Argon
Oxigen
Hot rolling steel
Sheet rolling steel
Extruding Aluminium
Wire drawing copper
Foaming
Injection moulding
Extrusion PVC

g
g
g
g
g
g

16 024,94
746,34
7,35
902,58
4 935,23
9 657,9

g
g
g

1 356,27
1 911,57
170,49

g
g

35,26
10,1

g

858,26

g
g
g
g
g
g
g
g
g
g
g

4,1
39
20,1
5,31
83,68
2,6
4,73
1 582,4
9 090,09
8 105,06
359,65

g
g
g
g
g
g
g
g
g
g
g

14,38
8,95
6 281,51
127,83
274,28
49,2
204,06
147,15
275,33
156,65
191,58

g
g
g

2 699,94
1 250,89
259,52

tkm
tkm

68
29

kWh
MJ
kg
g
g
g
g
g
g
g
g
g
g
g

25,34
15,69
228
27
84
5
27
2 923
4 829
678
1 092
12 940
2 001
251

2 102,7

73

Only primary materials are assumed to be used
For energy consumption during production phase has been used the Ecoinvent 2 dataset for medium voltage electricity production in Europe
(EU27 including Norway, Switzerland and the former baltic states, excluded are the baltic states).
74

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

129

The Durability of Products: Full Report

Unit

Differences for
Refrigerator
freezer B

Refrigerator
freezer A

Differences for
Refrigerator
freezer Durable

Use phase
Duration of the product
Electricity low voltage75
Maintenance
Delivery van

years
kWh/year

10
324,4

tkm

0,94

%
%
%
%
%

100
100
53
19
70

%
%

2
81

%
%

45
30

15
194,6

End of life76
Recycling
Ferrous metals
Non ferrous metals
Plastics
Miscellaneous
Packaging
Energy recovery
Plastics
Miscellaneous
Disposal
Plastics
Packaging

4.1.3.1.1 Impact assessment
In this section, the environmental performance of the two systems (standard and durable) is
analysed and compared with respect to the impact categories selected in Section 2.2.1.
To ensure these environmental performances are comparable with respect to the timeframe,
the environmental performances of the standard product scenario includes the impacts
attributable to the full life cycle of standard product A (10 years) plus 50% of the life cycle
impacts of standard product B that replaces standard product A once A reaches its end of
life.
SimaPro 7 software was used for the assessment of the environmental performances of the
two systems, and datasets from the Ecoinvent 2.2 database have been used. Figure 7 below
shows the impacts of the life cycle phases of the standard product A across the different
impact categories:






The use phase is responsible for more than 80% of the total impacts for 9 out of 15
categories.
The contribution of the production phase is particularly relevant for the mineral, fossil
and renewable resource depletion impact categories and is responsible for more
than 80% of the total impacts here.
Although the overall impact within the ozone depletion category is small, the most
significant contribution originates from the production phase, particularly the
refrigerant R134a. While R134a has a low ozone depletion potential, it is still
revealed as generating 85% of this impact.
For the impact categories human toxicity cancer and non-cancer effect, freshwater
ecotoxicity and land use a significant contribution comes from the production phase,
ranging from 30% to 45% of the total impact. For the freshwater ecotoxicity impact
category, a relevant contribution also comes from the end of life phase (16% of the
total impact).

Figure 7 also shows the environmental impact reductions related to the end of life phase,
which include the potential environmental credits due to the recycling and energy recovery of
materials. The potential environmental credits are evaluated as indicated in 2013/179/EU
Commission Recommendation on the use of common methods to measure and
communicate the life cycle environmental performance of products and organizations. For
75

For energy consumption during use phase has been used the Ecoinvent 2 dataset for low voltage electricity production in Europe (EU27
including Norway, Switzerland and the former Baltic states, excluded are the Baltic states).
76
Percentages calculated based on the scenario of waste treatment in Table 5.38 – task 5 of Preparatory Study for Eco-design Lot 13.
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the land use and mineral, fossil and renewable resource depletion impact categories,
relevant potential environmental credits due to the recycling and energy recovery of materials
come from the end of life phase.
Figure 7 Impact of the life cycle phases for the standard product A (as %)

In Table 26, the percentage differences in performance of the durable scenario compared to
the standard scenario are shown.
Table 26 Potential environmental impacts of the standard product scenario and the
durable product scenario
Impact categories

Indicator

Standard
alternative
2 584,29

Durable
alternative
2 862,78

% change
10,8%

Climate change

kg CO2 eq

Ozone depletion

kg CFC-11 eq

8,85E-04

6,43E-04

Human toxicity, cancer effects

CTUh

2,74E-04

2,76E-04

0,6%

Human toxicity, non-cancer effects

CTUh

9,31E-04

9,19E-04

-1,3%

Particulate matter

kg PM2.5 eq

1,27

1,39

9,0%

Ionizing radiation HH

kg U235 eq

1 833,23

2 096,56

14,4%

Photochemical ozone formation

kg NMVOC eq

5,70

6,09

6,8%
10,6%

-27,3%

Acidification

molc H+ eq

13,31

14,73

Terrestrial eutrophication

molc N eq

18,97

20,67

9,0%

Freshwater eutrophication

kg P eq

2,12

2,38

12,2%

Marine eutrophication

kg N eq

Freshwater ecotoxicity

CTUe

Land use
Water resource depletion
Mineral, fossil & renewable resource depletion

2,24

2,41

7,8%

26 907,81

25 297,22

-6,0%

kg C deficit

231,06

245,21

6,1%

m3 water eq

16,10

17,74

10,2%

kg Sb eq

0,03

0,02

-20,6%

Interpretation of results
On the basis of the assumptions made and the life cycle inventory data utilised in this work,
the results of the comparative Life Cycle Assessment, shown in Table 3, show that the
extension of the lifespan (durable scenario) compared to the replacement of the old product
with a new more energy efficient product (standard scenario), reduces the life cycle impacts
in 4 impact categories out of 15: ozone depletion (-27,3%), human toxicity, non-cancer
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effects (-1,3%), freshwater ecotoxicity (-6%) and mineral, fossil & renewable resource
depletion (-20,6%).
However, for the remaining 11 categories, the environmental benefits of replacing standard
product A with the more energy efficient standard product B appliance are greater.
In order to assess the sensitivity of the results related to the initial assumptions, a sensitivity
analysis has been conducted by changing the energy efficiency of the standard product B,
the replacement product for standard product A, progressively from 60% (initial assumption)
back up to 100% of product A. This has then been compared to the durable scenario over
the 15 year time period under consideration, and is shown for each impact category in
Figure 8.
The graphs show the environmental impact of the durable scenario (in green, always
constant) against nine “standard” scenarios in red, between which the only difference is the
relative efficiency (60%-100%) of the second standard product B compared to standard
product A.
If the lines cross at all, that marks the point where the improved efficiency of standard
product B just makes up for the higher durability of the durable product. Any further
improvement in product B efficiency (moving further to the left) increases the margin by
which the standard product is preferable.
The analysis shows that, over the period of 15 years, if there is no improvement in the
energy efficiency of the replacement product (rightmost pairs of points on each of the
graphs), the total impacts of the standard product scenario (A and 50% of B, in red) are
always higher than the durable scenario (in green), as would be expected because the level
of input materials, manufacturing and end of life disposal are higher.
For the impact categories of ozone depletion, human toxicity non-cancer effect, freshwater
ecotoxicity and mineral, fossil and renewable resource depletion the durable product
scenario always performs better than the standard product scenario (within the improvement
window analysed). This is mainly due to the fact that a significant contribution to these impact
categories comes from the production and end of life phase of the refrigerator (as shown in
Figure 7).
As indicated in the individual plot titles, for all the other impact categories, it is possible to
identify a threshold of improved energy efficiency for the replacement standard product B
above which there is no environmental benefit achieved by the durable scenario, and this
ranges from less than 5% to 40%.
The substitution of a refrigerator in energy class A to one in class A+ implies a 22,6%
reduction in energy consumption, while substituting to a refrigerator in class A++ implies a
43% reduction in energy consumption. Hence for most of the impact categories listed in
Table 27 a small improvement (significantly less than moving up a whole energy category
grade on the EEI index) in the energy efficiency of the replacement product, standard
product B, is sufficient to deliver environmental benefits that outweigh the benefits of using a
more durable product, on a category by category base.
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Figure 8: Results of sensitivity analysis on energy efficiency of replacing products on different impact categories (*)
3000

Climate change (~91%)

2000

3

2000

2.5

1500

2

Ozone depletion (–)
1.0E-03

Marine eutrophication (~84%)

Ionizing radiation HH (~98%)
2500

Freshwater ecotoxicity (–)

Photochemical ozone formation (~82%)
8

30000

6
0.0E+00

4

Human toxicity, cancer effects (~63%)
3.0E-04

2.5E-04

20

Acidification (~91%)

300

15

250

10

200

Human toxicity, non-cancer effects (–)

Terrestrial eutrophication (~87%)

1.2E-03

25

1.0E-03

20

8.0E-04

15

20

Land use (~81%)

Water resource depletion (~90%)

15

Freshwater eutrophication (~95%)

Particulate matter (~87%)
1.5

20000

2.5

Mineral, fossil & ren resource depl (–)
0.05

2
1
(*):

1.5

0

60% (leftmost point) is equivalent to standard product B, 100% (rightmost) is no energy efficiency improvement, same as standard product A.
Percentages in titles are the rough equivalence points of the two lines, if they cross. See Table 26 for units of Y-axes.
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Table 27 Threshold of energy efficiency improvement above which there is no benefit
in extending the lifetime of a fridge-freezer.
Impact category

Threshold

Climate change

10%

Human toxicity, cancer effects

40%

Particulate matter

15%

Ionizing radiation HH

< 5%

Photochemical ozone formation

20%

Acidification

10%

Terrestrial eutrophication

15%

Freshwater eutrophication

5%

Marine eutrophication

15%

Land use

20%

Water resource depletion

10%

A further sensitivity analysis was performed, exploring the impact of changing the expected
lifespan of the durable product, ranging from 11 years to 15 years. This was carried out in
conjunction with the above variations in the energy efficiency of the replacement standard
product B.
The results are reported only for climate change and mineral, fossil and renewable resource
depletion impact categories, to illustrate the impact across two different types of categories:
GWP is largely influenced by energy consumption during the use phase, while mineral, fossil
and renewable resource depletion is largely influenced by the production phase.
Figure 9 Percentage differences in performance of the standard and the durable
alternatives, for the GWP (left) and mineral, fossil & renewable resource depletion
(right) impact categories
4%

35%

2%

30%

0%

25%

-2%

20%

-4%

15%

-6%

10%

-8%
-10%

5%

-12%

0%
60%
70%
11 Years
14 Years

80%
90%
100%
12 years
13 Years
15 Years

60%

70%
11 Years
14 Years

80%
90%
100%
12 years
13 Years
15 Years

The X axis shows the energy consumption of the replacement standard product B compared
to standard product A, ranging from 60% energy consumption (on the left), which is standard
product B, to 100% energy consumption (on the right), which is no improvement from
standard product A. The Y axis shows the impacts of the standard scenario compared to the
durable scenario. Positive values correspond to an environmental benefit associated with the
lifetime extension.
Considering that the most significant contribution to GWP comes from the energy
consumption during the use phase, the extension of the lifetime does not produce significant
environmental benefits. It can be observed in Figure 9 that the extension of the lifetime by 5
years (blue line) can reduce the life cycle GWP by only 1,2% compared to the replacement of
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the standard product A with a new refrigerator that is 5% more efficient (second point from
right). It can be also observed that the lines intersect the x axis at values between 90% and
95%, which means that the extension of the lifetime from 1 to 5 years is environmentally
comparable to the replacement of the standard A product with a new refrigerator that is less
than 10% more efficient.
The most significant contribution to the impact category of mineral, fossil and renewable
resource depletion is from the production phase. The extension of the lifetime by 5 years can
reduce the life cycle impact for this impact category by 27,7% compared to the replacement
of the standard product A with a new refrigerator freezer that is 25% more efficient (i.e. 75%
on the x-axis). Even the extension of the lifetime by 1 year can reduce the life cycle impact
for this impact category by about 5% independent of the energy efficiency of the replacing
product.
4.1.3.2 Model 2: Comparative analysis of refrigerator freezer using life cycle inventory
data directly supplied by one major European manufacturer
This second comparative analysis on the two refrigerator freezers was performed using the
life cycle inventory data directly supplied by the manufacturers (Whirlpool Europe) in 2015,
as requested both during the workshop undertaken within this study, and within the follow up
communications to stakeholders involved in the workshop, by agreement with the European
Commission.
Two specific life cycle inventories have been provided, both denoted by (W) to signify where
variation with the above work exists: one for the standard product A (W) of the refrigerator
freezer and one for the newer standard product B (W). Both inventories are taken from real
products sold on the market and produced in different years.
The characteristics of standard product A (W) of a refrigerator freezer are:







Built-in refrigerator freezer, without “No Frost”, bottom mounted freezer, one
thermostat/compressor
Gross volume: 285 litres
Fresh food compartment volume: 204 litres
Frozen food compartment volume: 81 litres
Energy efficiency class: A+ (285 kWh/year)
Refrigerating agent: R600a

The characteristics of standard product B (W) of a refrigerator freezer are:







Built-in refrigerator freezer, without “No Frost”, bottom mounted freezer, one
thermostat/compressor
Gross volume: 285 litres
Fresh food compartment volume: 204 litres
Frozen food compartment volume: 81 litres
Energy efficiency class: A+++ (156 kWh/year)
Refrigerating agent: R600a

For the comparative analysis conducted here, it is assumed that all the standard products (A
(W) and B (W)) have the same lifetime of 10 years. It is interesting to note that the energy
consumption selected for the replacement product by the manufacturer is A+++, 45% more
efficient than standard product A+. This selection implies that A+++ may be the standard
category purchased in ten years’ time (2025).
As assumed in the previous analysis, it has been taken that A (W) and B (W) have the same
EEI, here as A+, and have the same life cycle in terms of manufacturing processes,
construction typology and end of life.
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For the durable scenario, the average life of 10 years has been extended to 15 years through
preventive maintenance consisting of the replacement of the following components during
the 15 year lifespan:






Fridge door bottle shelf
Door shelf
Freezer drawer
Crisper drawer
Freeze and fridge gasket (door seal)

These were the items identified by the manufacturer as the ones needing replacement in
order to extent product lifetime.
Unit of analysis
As previously described, the unit of analysis defines the two alternative product systems
(standard and durable) and provides a reference for the environmental impacts. Only those
points that differ from the previous analysis have been described below.

The extent
of the
function

Standard A (W)
refrigerator freezer

Standard B (W)
refrigerator freezer

Durable refrigerator
freezer (W)

28577

1562

285

Energy
(kWh/year)
Net volume (l)

285

285

Refrigeration
agent (gas)

R600a

R600a

Life Cycle Inventory data
Shown below in Table 28 is the inventory data for each product considered in this study. In
order to avoid repetition for the durable product, only data that differs from the standard
product A (W) has been reported.
Table 28 Inventory data for the standard refrigerator freezer A (W). For the durable
product (W) and for standard product B (W), only data that differs from the standard
product A (W) has been reported
Unit

Standard
Refrigerator freezer
A (W)

Differences in
Standard
Refrigerator freezer
B (W)

Differences in
Durable
Refrigerator
freezer (W)

Production phase78
Cabinet
Ferrous metals
Aluminium
polypropylene – PP
Polystyrene - PS
polyurethane – PUR
Polyethylene – PE
polyoxymethylene – POM

g
g
g
g
g
g
g

13 384

polypropylene – PP
Polystyrene - PS
Glass

g
g
g

2 819
2 383
1 368

2 188
6 840

Ferrous metals
Polystyrene - PS
polyurethane – PUR
polyvinyl chloride – PVC
Thermodynamic circuit

g
g
g
g

3 892
1 563
1 475
847

3 910
1 572
1 485
851

810
4 308
4 900
47
32

11 304
465
600
4 172

34

Cavity

Door

77
78

Directly supplied by the manufacturers (Whirlpool Europe)
Only primary materials are assumed to be used
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Unit

Standard
Refrigerator freezer
A (W)

Ferrous metals
Aluminium
Copper
polypropylene – PP
polyvinyl chloride – PVC
Refrigerant – R600a

g
g
g
g
g
g

5 590
20
60
128
51
58

Thermostat
Copper
Acrylonitrile-butadiene-styrene – ABS
polyvinyl chloride – PVC
polyamides – PA
polycarbonate – PC
Polyethylene – PE
Capacitor
Lamp
LED
Electronics for controls unit
Compressor
Compressor
Ferrous metals
polypropylene – PP

g
g
g
g
g
g
g
g
g
g
g

85
76,8
12
103,2
38
29
16
60
8

p
g
g

1
830
85

kWh/year

285

Differences in
Standard
Refrigerator freezer
B (W)
3 040
1 100

Differences in
Durable
Refrigerator
freezer (W)

Controls

86,4

40
50

Use phase
Electricity low voltage79
Maintenance
Gasket freezer (polyvinyl chloride – PVC)
Gasket fridge (polyvinyl chloride – PVC)
Bottle door shelf (Polystyrene - PS)
Crisper_drawer (Polystyrene - PS)
Door_shelf (Polystyrene - PS)
Drawers freezer (polypropylene – PP)
Van

156
377
470
396
1 072
720
807
25

g
g
g
g
g
g
km

End of life
Recycling
%
%
%
%

95
100
100
34

32

41

Plastic (mixed)

%

66

68

59

Ferrous metals

%

5

Ferrous metals
Non - Ferrous metals (Al – Cu)
Glass
Plastic (mixed)
Energy recovery
Disposal

4.1.3.2.1 Impact assessment
The same methodology has been followed here as previously, comparing the environmental
performances of the two systems (standard scenario and durable scenario) over the time
period of 15 years. SimaPro 7 and the Ecoinvent 3 database have been used for the
analysis.
Figure 10 below shows the life cycle impacts of the standard product A. Interesting outputs
that are worth noting include the following:


The use phase is responsible for more than 80% of the total impacts for 10 out of 15
categories.

79

For energy consumption during use phase has been used the Ecoinvent 3 dataset for average low voltage electricity available in Europe.
Dataset includes:
 electricity inputs produced and from imports and transformed to low voltage
 the transmission network
 direct emissions to air
 electricity losses during transmission
 electricity losses during transformation from medium to low
 SF6 emissions during production and deconstruction of the switchgear
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The contribution of the production phase is particularly relevant for the mineral, fossil
and renewable resource depletion impact category, responsible for more than 70%
of the total impact. The contribution of the production phase for the ozone depletion
impact category is lower than that revealed by the previous analysis due to the use
of R600a instead of R134a, which has an even lower ozone depletion potential.
For human toxicity cancer and non-cancer effects, freshwater ecotoxicity and water
resource depletion impact categories, a significant contribution comes from the
production phase, ranging from 20% to 40% of the total impact. For the freshwater
ecotoxicity impact category, a relevant contribution also comes from the end of life
phase (20% of total impact).

Figure 10 Impact of the life cycle phases for the standard product A (W) (as %).

Table 29 shows the impacts of the life cycle phases over the whole 10-year life cycle of the
standard product A (W). The table also shows the percentage differences in performance of
the standard product B (W) compared to A (W). The production impacts of standard product
B are greater than the impact of standard product A with respect to all the impact categories
selected, likely due to the different bill of materials, potentially intended to improve the energy
efficiency of standard product B (W). The impact of the use phase is 45% lower than the
impact of standard product A (W) as a 45% better energy efficiency was the input used.
Table 29 Impact of the life cycle phases for the standard product A (W) and the
percentage differences in performance of the standard product B (W).
Impact categories
Climate change

Indicator
kg CO2 eq

Ozone depletion

kg CFC-11 eq

Human toxicity, cancer effects

CTUh

Human toxicity, non-cancer effects

CTUh

Particulate matter

kg PM2.5 eq

Ionizing radiation HH

kBq U235 eq
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Total
1 704,77
-42%
1,58E-04
-44%
1,50E-04
-35%
5,82E-04
-34%
0,65
-40%
833,68
-45%

Production
162,83
7%
8,37E-06
12%
6,18E-05
-13%
1,28E-04
3%
0,12
7%
21,79
6%

Use
1 576,22
-45%
1,53E-04
-45%
9,07E-05
-45%
4,39E-04
-45%
0,57
-45%
821,70
-45%

End of Life
-34,27
-24%
-4,03E-06
-21%
-2,57E-06
-154%
1,48E-05
-22%
-0,04
-18%
-9,81
-16%
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Impact categories
Photochemical ozone formation

Indicator
kg NMVOC eq

Acidification

molc H+ eq

Terrestrial eutrophication

molc N eq

Freshwater eutrophication

kg P eq

Marine eutrophication

kg N eq

Freshwater ecotoxicity

CTUe

Land use

kg C deficit

Water resource depletion

m3 water eq

Mineral, fossil & ren resource
depletion

kg Sb eq

Total
3,42
-40%
9,26
-42%
11,12
-41%
1,39
-43%
1,32
-40%
16 851,03
-7%
335,24
-43%
1,21
-30%
0,01
-2%

Production
0,60
7%
0,90
15%
1,45
13%
0,09
7%
0,17
10%
3 356,53
2%
39,20
2%
0,32
20%

Use
3,02
-45%
8,73
-45%
10,12
-45%
1,33
-45%
1,18
-45%
10 067,68
-45%
317,68
-45%
0,92
-45%

End of Life
-0,20
-16%
-0,37
-25%
-0,45
-26%
-0,03
-13%
-0,03
-45%
3 426,82
95%
-21,63
1%
-0,03
-41%

0,01

4,00E-03

-4,64E-04

18%

-45%

-39%

In Table 30 below, the percentage differences in performance of the durable scenario
compared to the standard scenario are shown.
Table 30 Potential environmental impacts of the standard product scenario and the
durable product scenario
Impact categories

Indicator

Standard
alternative
2 202,03

Durable
alternative
2 504,77

% change
13,7%

Climate change

kg CO2 eq

Ozone depletion

kg CFC-11 eq

2,02E-04

2,35E-04

16,4%

Human toxicity, cancer effects

CTUh

1,98E-04

1,96E-04

-1,4%

Human toxicity, non-cancer effects

CTUh

7,74E-04

8,02E-04

3,7%

Particulate matter

kg PM2.5 eq

Ionizing radiation HH

kg U235 eq

Photochemical ozone formation

kg NMVOC eq

Acidification

0,84

0,93

11,1%

1 064,48

1 245,77

17,0%

4,45

4,97

11,6%

molc H+ eq

11,93

13,67

14,5%

Terrestrial eutrophication

molc N eq

14,43

16,29

12,9%

Freshwater eutrophication

kg P eq

1,78

2,05

15,2%

Marine eutrophication

kg N eq

Freshwater ecotoxicity

CTUe

Land use

kg C deficit

Water resource depletion

m3 water eq

Mineral, fossil & renewable resource depletion

kg Sb eq

1,72

1,93

12,0%

24 649,34

21 936,66

-11,0%

431,56

496,08

14,9%

1,63

1,71

4,5%

1,99E-02

1,54E-02

-22,8%

Interpretation of results
The results presented here show that the extension of the lifespan, compared to the
replacement of the old product with a new more energy efficient product, reduces the life
cycle impacts in 3 impact categories out of 15: human toxicity, cancer effects (-1,4%),
freshwater ecotoxicity (-11%) and mineral, fossil & renewable resource depletion (-22,8%).
However for the remaining 12 categories, the environmental benefits of replacing standard
product A (W) with the more energy efficient standard product B (W) appliance are greater.
Again, the sensitivity of the results was assessed, using the same methodological approach
as described above. The analysis reveals that, over the 15 year period, if there is no
improvement in the energy efficiency of the replacement product, the total impacts of the
standard product scenario (A (W) and B (W)) is higher than the durable scenario. This is as
expected, because the level of input materials, manufacturing and end of life disposal are
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higher. For the impact categories of human toxicity cancer effect, freshwater ecotoxicity and
mineral, fossil and renewable resource depletion, the durable product scenario always
performs better than the standard product scenario. This is mainly due to the fact that a
significant contribution to these impact categories comes from the production and end of life
phase of the refrigerator freezer (as shown in Figure 10).
For all the other impact categories, a threshold of improved energy efficiency can be
identified for the replacement product B (W) above which there is no benefit in extending the
lifetime of the product being considered, and this ranges from less than 5% to 30% (see
Table 31). As before, it can be seen that a small improvement in the energy efficiency of the
replacement product, standard product B (W), is sufficient to deliver environmental benefits.
Table 31 Threshold of energy efficiency improvement above which there is no benefit
in extending the lifetime of a fridge-freezer.
Impact category

Threshold

Climate change

5%

Ozone depletion

< 5%

Human toxicity, non-cancer effects

30%

Particulate matter

10%

Ionizing radiation HH

< 5%

Photochemical ozone formation

10%

Acidification

5%

Terrestrial eutrophication

5%

Freshwater eutrophication

< 5%

Marine eutrophication

10%

Land use

< 5%

Water resource depletion

25%

Climate change

5%

Also as before, a further sensitivity analysis was performed, exploring the impact of changing
the expected lifespan of the durable product (W), ranging from 11 years to 15 years, as
performed previously. The impacts of the additional extra maintenance interventions for
lifetime extension of the durable product are considered to be independent of the extension
of the lifetime (so the extra inputs apply equally to the 11 year durable products as much as
to the 15 year durable product).
Figure 11 Percentage differences in performance of the standard scenario compared
to the durable scenario, for GWP (left) and for mineral, fossil & renewable resource
depletion (right)
5%

40%

0%

30%

-5%

20%

-10%

10%
0%

-15%
60%
70%
11 Years
14 Years

80%
90%
100%
12 years
13 Years
15 Years

60%

70%
11 Years
14 Years

80%
90%
100%
12 years
13 Years
15 Years

Considering that the most significant contribution to GWP comes from the energy
consumption during the use phase, the extension of the lifetime does not produce significant
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environmental benefits. It can be observed in Figure 11 that, with a new refrigerator freezer
that is 5% more efficient, the extension of the lifetime by five years would reduce the life
cycle GWP by only 0,6% compared to the replacement of the standard product A (W).
Furthermore, the 11 year line intersects the x axis at the value of 100%. This means that the
extension of the product lifetime by 1 year is environmentally comparable to the replacement
of the standard A product with a new refrigerator freezer with no energy efficiency
improvement.
The most significant contribution to the mineral, fossil and renewable resource depletion
impact category comes from the production phase. The results in Figure 11 show that, in this
case, the extension of the lifetime can produce significant environmental benefits. The
extension of the lifetime by five years can reduce the life cycle impact for this impact
category by 32% compared to the replacement of the standard product A (W) with a new
refrigerator freezer that is 25% more efficient (i.e. 75% on the X axis). Even the extension of
the lifetime by 1 year can significantly reduce the life cycle impact (for this impact category)
by about 6,5%, independent of the energy efficiency of the replacing product.
4.1.3.3 Conclusions
Two independent analyses of the lifecycle impacts of using a standard refrigerator-freezer
and using a more durable refrigerator-freezer have been explored, the first using the input
data from the Ecodesign Preparatory studies, the second using input data sourced directly
from a major European manufacturer.
The two comparative analyses reach essentially the same conclusion. The extension of the
lifetime of a refrigerator freezer (a more durable product) can lead to environmental life cycle
benefits for those impact categories whose contribution depends mainly on the production
phase: namely, human toxicity cancer and non-cancer effects, freshwater ecotoxicity and
mineral, fossil and renewable resource depletion. Extension of the lifetime significantly
reduces the life cycle impacts in these categories and, furthermore, the reduction is relatively
independent of the energy efficiency of the replacing product.
For the impact categories that depend mainly on energy consumption during the use phase
(for example, GWP), extending the durability of the product does not lead to significant
environmental benefits. In fact, it has been identified that a small improvement in the energy
efficiency of the replacing product (less than 10%) can lead to a significant reduction of the
life cycle environmental impacts of the standard scenario compared to the durable scenario.
For impact categories equally influenced by the three life cycle stages, the benefit of the life
extension depends mainly on the energy efficiency of the replacing product. In this case,
even a small improvement in the energy efficiency of the replacing product (such as an
average value of 15%) can wipe out the benefits of the extended lifetime.
It is very encouraging that the two analyses reach essentially the same conclusion, and
hence support each other. Even though the Ecodesign Preparatory Study data is now
relatively dated, the fact that the very recent manufacturer data also generates the same
result gives confidence in the approach adopted.
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4.1.4 PEF – Electric Oven
The goal of the work undertaken is to compare alternative environmental footprints of two
different refrigerators; the standard product and the more durable product, from cradle to
grave, in order to identify the advantages or additional burdens that increased durability
yields.
Working with the data available as described above (Section 2.2.2), two different models
were run, comparing a standard product scenario against a durable product scenario.
Model 1: Uses the best available literature data, Preparatory Study for Eco-design Lot
22 and the assumptions on durability which are consistent with the previous Tasks of
this Report (Tasks 1-3).
Model 2: Based on the expert judgement of a major European manufacturer
(Whirlpool Europe) and is based on the assumption that durability can be increased
by reducing the risks of accidental events which are not related to the intended use of
the product (i.e. breaking a refrigerator door hinge due to excessive force applied,
etc.), through extra maintenance and substitution of some components which may be
damaged and affected by accidental events.
4.1.4.1 Model 1: Comparative analysis of domestic electric oven using life cycle
inventory data from literature
The comparative analysis on the two domestic electric ovens was performed using the life
cycle inventory data published on the Preparatory Study for Eco-design Lot 22, which
provides an average reference model of a domestic electric oven from 2007:










Configuration: built-in independent
Capacity: 54 litres
Self-cleaning: none
Total power: 3570 W
On mode consumption per cycle: 1,1 kWh (EEI class: C) 80
Number of cycles per year: 110
Duration of a cycle: 55 min
Standby mode consumption per hour: 2 Wh
Number of hours per year on stand-by: 8660

It is assumed that the standard product A and the durable product have the same
characteristics as described above. However, being newer than both the standard product A
and the durable product considered, the substituting standard product B is characterised by a
higher energy efficiency and again it has been assumed that the newer product consumes
60% of the energy of the standard product A. According to the current European energy
labelling of domestic ovens the substitution of a product in class C to one in class B implies
an 18% reduction in energy consumption, while substituting to an oven in class A implies a
35% reduction in energy consumption.
It is also assumed that all the standard A and standard B products have the same average
lifetime of 10 years.
It is assumed that the substituting standard product B and standard product A are
constructed with the same materials, have the same manufacturing process and have the
same end of life scenarios and, hence, the production phase and end of life are the same. It
is also assumed that standard product A and the durable product have similar manufacturing

80

The energy class has been calculated according to the current Implementing Measure (Commission Delegated Regulation (EU) No 65/2014):
EEIcavity = ECelectric cavity / SECelectric cavity * 100
SECelectric cavity = 0,0042 * V + 0,55
EEIcavity: Energy Efficiency Index
ECelectric cavity: Standard Energy Consumption required to heat a standardised load in a cavity of an electric heated domestic oven during a cycle
SECelectric cavity:
V: volume of the cavity of the domestic oven in litres
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process, similar end of life process and are constructed with the same amount and typology
of materials.
Unit of analysis
The unit of analysis set out below defines the two alternative product systems (standard
products A and B and the durable product) to be evaluated and provides the reference for all
environmental impacts.
Standard scenario
The function provided
The
extent
of the
function

Categories

Standard electric oven A

Domestic electric oven intended for heating, baking and drying food and
used for cooking, for non-professional purposes, heated by energyconsuming processes.
Electric oven
Built-in independent, able to use forced convection
1,181

Energy (kWh/cycle)

0,6682

Capacity (l)

54
On mode:

The expected level of quality

Standby:

The duration of the product
The NACE code

The
extent of
the
function

Categories

cycle/year: 110
min/cycle: 55
kWh: 0,002
h/year: 8660
10 years

27.5.1 - Manufacture of electric domestic appliances

Durable electric oven

Durable scenario
The function provided

Standard electric oven B

Domestic electric oven intended for heating, baking and drying food and
used for cooking, for non-professional purposes, heated by energyconsuming processes.
Electric oven
Built-in independent, able to use forced convection

Energy (kWh/year)

1,1

Net volume (l)

54
On mode: cycle/year: 110
min/cycle: 55

The expected level of quality

Standby:

The duration of the product
The NACE code

kWh: 0,002
h/year: 8660
15 years

27.5.1 - Manufacture of electric domestic appliances

Life cycle inventory data
The life cycle inventory data represents the inventory of all materials, energy resource inputs
and outputs and emissions associated with the life-cycle stages of the selected product
systems (standard and durable) included in the defined system boundaries.
As stated in Section 2.4.1, this first comparative analysis has been performed using the life
cycle inventory data published on the Preparatory Study for Eco-design Lot 22 (Task 4,
Table 4-3) and reported below.

81
82

As indicated in section 5.1.2.3 - task 5 of Preparatory Study for Eco-design Lot 22.
This corresponds to an energy consumption reduction of 40% compared to standard A product.
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Table 32 Inventory data for the standard oven ‘A’. For the standard product B and
durable product, only data that differs from the standard product A has been reported
Unit

Standard
oven ‘A’

Difference in
Standard
oven ‘B’

Difference in
Durable
oven

Production phase83
Casing
Body (stainless steel)
Casing (stainless steel)
Supports (stainless steel)

g
g
g

5 820
6 490
880

Body insulation (glass fibre)
Back insulation (glass fibre)

g
g

340
110

Casing (stainless steel)
Glass (tempered glass)
Joint
Hinge (galvanized steel sheet)
Buttons (PVC)

g
g
g
g
g

3 130
4 120
50
180
60

g
g
g

220
500
480

g
g
g
g

930
27,6
193,2
55,2

g

125

g
g
g
g
g
g
g

61,8
61
90
72.5
3 750
722
1 080

g
g

110
1 200

Insulation

Door

Heating elements
Back heater (copper winding wire)
Top double heater (copper winding wire)
Bottom double heater (copper winding wire)
Heat distribution system
Casing (stainless steel)
Motor (aluminium)
Motor (iron)
Motor (copper)
Control technology
Electronics board
Miscellaneous
Internal cable (copper)
Internal cable (insulation PVC)
Main cable (copper)
Main cable (insulation PVC)
Trays (Stainless steel)
Motor convector (Stainless steel)
Screws (iron)
Packaging
Documentation (office paper)
Packing (cardboard)
Use phase
Duration of the product
Electricity low voltage 84

years
kWh/year

10
138,3285

15
89,9286

Maintenance
Van <3.5t

km

15

Metals
Plastics
Tempered glass

%
%
%

100
98
100

Paper and cardboard
Plastics

%
%
%

100
2
2

87

End of life
Recycling

Energy recovery

Disposal

4.1.4.1.1 Impact assessment
As before for refrigerators, the environmental performances of the two electric oven systems
considered (standard and durable) were compared, with respect to the impact categories

83

Only primary materials are assumed to be used
For energy consumption during use phase has been used the Ecoinvent 2 dataset for low voltage electricity production in Europe (EU27
including Norway, Switzerland and the former baltic states, excluded are the baltic states).
85
Annual Energy Consumption of standard A oven: kWh/cycle (1,1) * cycle/year (110) + kWh/h (0,002) * h/year (8660) = 138,32
86
Annual Energy Consumption of standard B oven: kWh/cycle (0,66) * cycle/year (110) + kWh/h (0,002) * h/year (8660) = 89,92
87
As assumed in section 5.1.2.4 - task 5 of the Preparatory Study for Eco-design Lot 22
84
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selected in Section 2.2.1, over a 15-year time period. SimaPro 7 and the appropriate
datasets from Ecoinvent 2.2 database have been used.
Figure 12 below shows the impacts of the life cycle phases of the standard product A across
the different impact categories. Interesting outputs that are worth noting include the following:




As expected, the use phase is responsible for more than 80% of the total impacts for
11 out of 15 categories.
The contribution of the production phase is particularly relevant for the mineral, fossil
and renewable resource depletion impact category, which is responsible for more
than 80% of the total impacts here.
For the human toxicity cancer and non-cancer effect, freshwater ecotoxicity and land
use impact categories, a significant impact contribution comes from the production
phase, ranging from 27% to 37% of the total impact here. For the freshwater
ecotoxicity impact category, a relevant contribution also comes from the end of life
phase (12% of total impact).

Figure 12 shows the environmental impact reductions related to the end of life phase, which
include the potential environmental credits due to the recycling and energy recovery of
materials.
Figure 12 Impact of the life cycle phases for the standard product A (as %)

Table 33 below shows the differences (also reported as percentages) in the performance of
the durable scenario compared to the standard scenario
Table 33 Potential environmental impacts of the standard product scenario and the
durable product scenario
Impact categories

Indicator

Standard
alternative
1 190,57

Durable
alternative
1 264,15

% change
6,2%

Climate change

kg CO2 eq

Ozone depletion

kg CFC-11 eq

5,35E-05

5,78E-05

8,1%

Human toxicity, cancer effects

CTUh

9,52E-05

9,40E-05

-1,3%

Human toxicity, non-cancer effects

CTUh

3,97E-04

3,79E-04

-4,6%

Particulate matter

kg PM2.5 eq

0,54

0,58

8,0%

Ionizing radiation HH

kg U235 eq

804,30

898,48

11,7%

kg NMVOC eq

2,49

2,61

4,7%

Acidification

molc H+ eq

6,30

6,61

5,0%

Terrestrial eutrophication

molc N eq

8,77

9,16

4,5%

Freshwater eutrophication

kg P eq

0,93

1,02

9,3%

Photochemical ozone formation
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Impact categories

Indicator

Marine eutrophication

kg N eq

Freshwater ecotoxicity

CTUe

Standard
alternative
1,02

Durable
alternative
1,06

11 821,21

10 759,53

-9,0%
10,2%

% change
3,8%

Land use

kg C deficit

81,87

90,21

Water resource depletion

m3 water eq

6,67

7,34

10,2%

1,31E-02

1,01E-02

-22,5%

Mineral, fossil & renewable resource depletion

kg Sb eq

Interpretation of results
On the basis of the assumptions made and the life cycle inventory data utilised in this work,
the results identify that the extension of the lifespan (the more durable product) reduces the
life cycle impacts in 4 impact categories out of 15: human toxicity, cancer effects (-1,3%),
human toxicity, non-cancer effects (-4,6%), freshwater ecotoxicity (-9%) and mineral, fossil &
renewable resource depletion (-22,5%). However, for the remaining 11 categories, replacing
the standard product A with the more energy efficient standard product B delivers the greater
environmental benefit.
In order to assess the sensitivity of the results to the initial assumptions, a sensitivity analysis
has been conducted by changing the energy efficiency of standard product B, over the 15
year time period, as previous. The energy consumption of the replacement standard product
B has been progressively increased, relative to standard product A, from 60% to 100% (i.e.
from the original value for standard product B at 60% through to 100% which is no energy
efficiency improvement gained, equivalent to the original standard product A).
The analysis shows that, over the period of 15 years, if there is no improvement in the
energy efficiency of the replacement product, the total impacts of the standard product
scenario (A and 50% B) is higher than the durable scenario, as would be expected.
For human toxicity cancer and non-cancer effects, freshwater ecotoxicity and mineral, fossil
and renewable resource depletion impact categories, the durable product scenario always
performs better than the standard product scenario. This is mainly due to the fact that a
significant contribution to these impact categories comes from the production and end of life
phases of the domestic electric oven (as shown in Figure 12).
For the other impact categories, it is possible to identify a threshold of improved energy
efficiency for the replacement standard product B above which there is no environmental
benefit in extending the lifetime of the standard product A being considered, and this ranges
from 5% to 25%. According to the current European energy labelling of domestic ovens the
substitution of a product in class C to one in class B implies an 18% reduction in energy
consumption, while substituting to an oven in class A implies a 35% reduction in energy
consumption. Hence for half of the impact categories listed in Table 34 a small improvement
in the energy efficiency of the replacement product, standard product B is sufficient to deliver
environmental benefits.
Table 34 Threshold of energy efficiency improvement above which there is no benefit
in extending the lifetime of a fridge-freezer.
Impact category

Threshold

Climate change

20%

Ozone depletion

15%

Particulate matter

15%

Ionizing radiation HH

5%

Photochemical ozone formation

25%

Acidification

25%

Terrestrial eutrophication

25%

Freshwater eutrophication

10%

Marine eutrophication

25%

Land use

10%

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

146

The Durability of Products: Full Report
Impact category

Threshold

Water resource depletion

10%

As before, a further sensitivity analysis was performed, exploring the impact of changing the
expected lifespan of the durable product, ranging from 11 years to 15 years, looking just at
climate change and mineral, fossil and renewable resource depletion to illustrate the impact
across two different types of categories.
Figure 13 Percentage differences in performance of the standard alternative compared
to the durable alternative, for GWP (left) and mineral, fossil & renewable resource
depletion (right)
6%

35%

4%

30%

2%

25%

0%

20%

-2%

15%

-4%

10%

-6%

5%

-8%

0%
60%

70%
11 Years
14 Years

80%
90%
12 years

100%
13 Years

15 Years

60%
70%
11 Years
14 Years

80%
90%
100%
12 years
13 Years
15 Years

The X axis shows the energy consumption of the replacement standard product B compared
to standard product A (60% energy consumption is the same as that consumed by standard
product B, while 100% means no improvement in energy efficiency from the standard
product A), while the Y axis shows the impacts of the standard scenario compared to the
durable one. Positive values correspond to an environmental benefit associated with the
lifetime extension.
Considering that the most significant contribution to GWP comes from the energy
consumption during the use phase, the extension of the lifetime does not produce significant
environmental benefits. It can be observed in Figure 13 that the extension of the lifetime by 5
years can reduce the life cycle GWP by only 3,4% compared to the replacement of the
standard product A with a new electric oven that is 5% more efficient. It can be also observed
that the lines intersect the X axis at values between 80% and 85%, meaning that the
extension of the lifetime from 1 to 5 years is environmentally comparable to the replacement
of the standard product A with a new domestic electric oven that is about 15-20% more
efficient.
The most significant contribution to mineral, fossil and renewable resource depletion impact
category comes from the production phase. The extension of the lifetime by 5 years can
reduce the life cycle impact for this impact category by about 30%, compared to the
replacement of the standard product A with a new domestic electric oven that is 25% more
efficient (standard product B, 75% on the X axis). Even the extension of the lifetime by 1 year
can reduce the life cycle impact for this impact category by about 7%, and this is
independent of the energy efficiency of the replacing product.
4.1.4.2 Model 2: Comparative analysis of domestic oven using life cycle inventory
data directly supplied by Whirlpool Europe
The second comparative analysis on the two electric ovens was performed using the life
cycle inventory data directly supplied by the manufacturers (Whirlpool Europe, W) in 2015,
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as requested both during the workshop undertaken within this study, and in the follow up
communications to stakeholders involved in the workshop, by agreement with the European
Commission.
Two specific life cycle inventories have been provided: one for the standard product A (W) of
a domestic electric oven and one for the newer standard product B (W). Both inventories are
based on real products sold, produced in different years.
Below are given the characteristics of the standard product A (W) domestic electric oven and
the newer standard product B (W) domestic electric oven:
Standard Product A (W):





Standard product B (W):





Energy Efficiency class: A
Energy consumption: 0,79 kWh/cycle
Capacity: 60 litres
Control: El-Mechanical

Energy Efficiency class: A+
Energy consumption: 0,59 kWh/cycle
Capacity: 60 litres
Control: Electronic

For the comparative analysis conducted here, it is assumed that all the standard products (A
(W) and B (W)) have the same lifetime (10 years).
It has been assumed that the standard product A (W) and the durable product (W) have the
same characteristics, all as described above, including the EEI (Energy Efficiency Index)
class of A. Also, that the same manufacturing and end of life process apply and that the two
products are constructed with the same amount and typology of materials.
For the durable product (W), the average life of 10 years has been extended to 15 years by
preventive maintenance consisting of the replacement of the following components during
the 15 year lifespan:





Grill tray (drip tray)
Gasket (door seal)
Hinge

Unit of analysis
The unit of analysis defines the two alternative product systems (standard products A (W) +
50% B (W) and durable (W)) to be evaluated and provides the reference for all environmental
impacts.
Standard oven A (W)
The function provided

Standard oven B (W)

Domestic electric oven intended for heating, baking and drying food and used for
cooking, for non-professional purposes, heated by energy-consuming processes.

Categories
The
extent
of the
function

Energy
(kWh/cycle)
EEI class

Electric oven
0,7988

0,5989

0,79

A

A+

A

Capacity (l)

60
On mode: cycle/year: 110
min/cycle: 55

The expected level of
quality

Standby: kWh: 0,002
h/year: 8660

The duration of the
product
The NACE code

88
89

Durable oven (W)

10 years

15 years

27.5.1 - Manufacture of electric domestic appliances

Directly supplied by the manufacturers (Whirlpool Europe)
Directly supplied by the manufacturers (Whirlpool Europe)
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Life cycle inventory data
The resource use and emissions profile data represent the inventory of all materials, energy
resources inputs and outputs and emissions associated with the life-cycle stages of the
selected product systems (standard and durable) included in the defined system boundaries,
with the inventory data supplied by Whirlpool Europe in 2015.
Table 35 Resource use and emissions data for the standard oven A (W), B (W) and the
durable option (W). To avoid duplication only data that varies from that for ‘A’ has
been included for the other two products
Unit

Standard
oven A (W)

Differences in Differences in
Standard
Durable oven
oven B (W)
(W)

Production phase90
Cabinet
Galvanized steel

g

7 098,16

8 580,8

Ferrous metal
Galvanized steel
Black steel + Enamel
Stainless steel
Aluminium
Silicon
Glass wool
Tempered glass

g
g
g
g
g
g
g
g

602,41
6 849,25
1 603,84
374,71
75,60
2 344,35
67,70

Ferrous metal
Galvanized steel
Black steel + Enamel
Stainless steel
Mixed plastic
Synthetic rubber
Aluminium
Tempered glass

g
g
g
g
g
g
g
g

Ferrous metal
Galvanized steel
Stainless steel
Mixed plastic
Tempered glass

g
g
g
g
g

Galvanized steel
Steel and plastic
Steel
Copper
Aluminium
PA66 – Nylon66

g
g
g
g
g
g

543,11
426,01

Electronics board
Mixed plastic
Rubber and copper
Steel and plastic
Galvanized steel

g
g
g
g
g

176
8,10
345,91
87,40
8,8

Corrugated cardboard
Low-density polyethylene (LDPE)
Polystyrene (EPS)
Documentation
Documentation (office paper)

g
g
g

817,62
204,30
792,72

295,0
996,5

g

321,01

224,2

kWh/year

104,22

82,22

Cavity
1 233,1
758,0
10 152,2
1 123,4
111,2
104,9
2 179,3

Door
698,42
560,81
385,61
148,10
166,70
4 549,20

396,9
265,0
396,9
536,0
29,3
90,8
5 582,6

UI console
421,0
438,21
389,21
48,30

221,4
438,0

Ventilation
706
210
84,5
110,8
14,7

Control technology
363,3
128,1
53

Packaging

Use phase
Electricity low voltage 91

90

Only primary materials are assumed to be used
For energy consumption during use phase has been used the Ecoinvent 3 dataset for average low voltage electricity available in Europe.
Dataset includes:
 electricity inputs produced and from imports and transformed to low voltage
 the transmission network
91
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Unit

Standard
oven A (W)

Differences in Differences in
Standard
Durable oven
oven B (W)
(W)

Maintenance
1 022.02
75,60
556,61
25

Fat pan (ferrous metals)
Gasket (Silicon)
Hinge(Galvanized steel)
Van

g
g
g
km

Ferrous metals
Non - Ferrous metals (Al – Cu)
Glass
Plastic (mixed)
Energy recovery
Plastic (mixed)
Disposal
Ferrous metals
Glass wool

%
%
%
%

95
100
100
90

%

10

%
%

5
100

End of life
Recycling

4.1.4.2.1 Impact assessment
In this section, the environmental performances of the two systems analysed (standard and
durable) is compared, with respect to the impact categories selected in Section 4.1.2.1 and
over a 15 year time frame as discussed above. SimaPro 7 and the Ecoinvent 3 database
have been used.
Figure 14 below shows the impacts of the life cycle phases of the standard product A (W)
across the different impact categories:










The use phase is responsible for the majority of impacts, for more than 75% of the
total impacts for 11 out of 15 categories.
The contribution of the production phase is particularly relevant for the water
resource depletion and mineral, fossil and renewable resource depletion impact
categories, being responsible for more than 90% of the total impacts here. The
contribution of the production phase for the water resource depletion impact category
is substantially higher than in the previous analysis. This is due to the amount of
galvanized steel used for the production of the oven (9400g instead of 180g used in
Model 1, where stainless steel dominated).
For human toxicity cancer and non-cancer effect, particulate matter and freshwater
ecotoxicity impact categories, a significant impact contribution comes from the
production phase, ranging from 30% to 60% of the total impact. For the freshwater
ecotoxicity impact category, a relevant contribution also comes from the end of life
phase (more than 15% of total impact).

direct emissions to air
electricity losses during transmission
electricity losses during transformation from medium to low
SF6 emissions during production and deconstruction of the switchgear
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Figure 14 Impact of the life cycle phases for the standard product A (as %).

Table 36 shows the impacts over the whole 10 year life cycle of the standard product A (W),
and the percentage differences in performance of the standard product B (W). The
production impacts of standard product B are greater than the impact of standard product A
with respect to all the impact categories selected, due to the use of new components and
materials to improve the energy efficiency of standard product B (W). The impact of the use
phase is 20% lower than the impact of standard product A (W) due to the improved energy
efficiency assumed.
Table 36 Impact of the life cycle phases for the standard product A and the percentage
differences in performance of the standard B product compared to the standard A
Impact categories
Climate change

Indicator
kg CO2 eq

Ozone depletion

kg CFC-11 eq

Human toxicity, cancer effects

CTUh

Human toxicity, non-cancer effects

CTUh

Particulate matter

kg PM2.5 eq

Ionizing radiation HH

kBq U235 eq

Photochemical ozone formation

kg NMVOC eq

Acidification

molc H+ eq

Terrestrial eutrophication

molc N eq

Freshwater eutrophication

kg P eq

Marine eutrophication

kg N eq

Freshwater ecotoxicity

CTUe

Land use

kg C deficit
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Total
656,17
-14%
5,95E-05
-15%
7,47E-05
7%
2,76E-04
8%
0,27
-10%
304,25
-18%
1,34
-11%
3,70
-13%
4,50
-10%
0,53
-12%
0,50
-7%
8 985,07
3%
119,58

Production
114,04
18%
6,57E-06
25%
4,45E-05
24%
1,13E-04
39%
0,10
16%
14,34
25%
0,37
20%
0,77
17%
1,16
23%
0,07
37%
0,12
19%
3 027,96
34%
33,07

Use
558,15
-20%
5,43E-05
-20%
3,21E-05
-20%
1,55E-04
-20%
0,20
-20%
290,97
-20%
1,07
-20%
3,09
-20%
3,58
-20%
0,47
-20%
0,42
-20%
3 565,02
-20%
112,49

End of Life
-16,02
-19%
-1,35E-06
-12%
-1,96E-06
34%
7,85E-06
101%
-0,02
-8%
-1,07
11%
-0,10
-17%
-0,15
-9%
-0,25
-11%
-0,01
13%
-0,04
66%
2 392,09
-4%
-25,98
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Impact categories

Indicator

Total
-5%

Water resource depletion

m3 water eq

7,64
10%

Mineral, fossil & ren resource
depletion

kg Sb eq

Production
15%
7,33
12%

0,02

0,02
42%

Use
-20%
0,32
-20%

End of Life
41%
-0,01
35%

1,42E-03
42%

-8,37E-04

-20%

55%

In the following Table 37, the percentage differences in performance of the durable
alternative compared to the standard alternative are shown.
Table 37 Impact categories of the standard product and the durable product
Impact categories

Indicator

Standard
alternative

Durable
alternative

% difference

Climate change

kg CO2 eq

938,52

942,12

0,38%

Ozone depletion

kg CFC-11 eq

8,47E-05

8,73E-05

3,13%

Human toxicity, cancer effects

CTUh

1,15E-04

9,36E-05

-18,25%

Human toxicity, non-cancer effects

CTUh

4,25E-04

3,60E-04

-15,35%

Particulate matter

kg PM2.5 eq

0,40

0,38

-4,73%

Ionizing radiation HH

kg U235 eq

429,69

450,76

4,90%

Photochemical ozone formation

kg NMVOC eq

1,93

1,90

-1,81%

Acidification

molc H+ eq

5,31

5,28

-0,58%

Terrestrial eutrophication

molc N eq

6,52

6,37

-2,24%

Freshwater eutrophication

kg P eq

0,76

0,77

0,58%

Marine eutrophication

kg N eq

0,74

0,72

-2,03%

Freshwater ecotoxicity

CTUe

13 601,30

10 981,56

-19,26%

Land use

kg C deficit

176,19

183,88

4,37%

Water resource depletion

m3 water eq

11,87

8,26

-30,39%

Mineral, fossil & ren resource depletion

kg Sb eq

0,03

0,02

-37,63%

Interpretation of results
This analysis demonstrates that the extension of the lifespan, compared to the replacement
of the old product with new more energy efficient products, reduces the life cycle impacts in
10 impact categories out of 15. This is a significantly different outcome to that identified
within Model 1, where only 4 out of 15 life cycle impacts were reduced.
For the other 5 impact categories, the greater benefit is delivered by the alternative scenario,
whereby standard product A (W) is replaced by the more energy efficient standard product B
(W).
A possible cause of this difference in the results is the level of improvement in energy
efficiency of standard product B. In model 1, it was assumed that the replacement standard
product B used 60% of the energy of standard product A, so was 40% more energy efficient.
In Model 2, the energy efficiency improvement assumed is 25%. To assess the sensitivity of
the results related to the initial assumptions, and to explore whether the 25% energy
efficiency improvement is key, a sensitivity analysis has been conducted as carried out and
described previously.
As before, the energy consumption of the replacement standard product B has been
progressively increased, relative to standard product A (W), from 60% to 100% (from a 40%
energy efficiency improvement through to no energy efficiency improvement at 100%).
The analysis previously in Model 2 had shown that for 10 out of 15 impact categories the
more durable product scenario delivered benefits.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

152

The Durability of Products: Full Report

For the impact categories human toxicity cancer and non cancer effect, freshwater
ecotoxicity, water resource depletion and mineral, fossil and renewable resource depletion
the benefit of the more durable scenario is maintained at any energy efficiency assessed of
the replacement product, again due to a significant contribution to these impact categories
coming from the production and end of life phase of the oven.
For the other 10 impact categories, it is possible to identify a threshold of improved energy
efficiency for the replacement product B (W) above which there is no benefit in extending the
lifetime of the product being considered, and this ranges from 5% to 35%. For half of the
impact categories listed in Table 38 even a small improvement in the energy efficiency of the
replacement product is sufficient to deliver some environmental benefits.
Table 38 Threshold of energy efficiency improvement above which there is no benefit
in extending the lifetime
Impact categories

threshold

Climate change

15%

Ozone depletion

10%

Particulate matter

35%

Ionizing radiation HH

5%

Photochemical ozone formation

25%

Acidification

20%

Terrestrial eutrophication

25%

Freshwater eutrophication

15%

Marine eutrophication

25%

Land use

5%

A further sensitivity analysis was performed, exploring the impact of changing the expected
lifespan of the durable product, ranging from 11 years to 15 years. This was carried out in
conjunction with the above variations in the energy efficiency of the replacement standard
product B (W). As above the results are reported only for climate change and mineral, fossil
and renewable resource depletion impact categories, to illustrate the impact across two
different types of categories.
Figure 15 Percentage differences in performance of the standard alternative compared
to the durable alternative, for GWP (left) and for mineral, fossil & resource depletion
(right)
70%
60%
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30%
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8%
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-8%
60%

70%

80%

11 Years

12 years

14 Years

15 Years
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60%
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In the case of ovens, considering that the most significant contribution to GWP comes from
the energy consumption during the use phase, the extension of the lifetime can produce
some but not significant environmental benefits. It can be observed in Figure 15 that the
extension of the lifetime by 5 years can reduce the life cycle GWP by 4% compared to the
replacement of the standard product A (W) with a new oven that is 5% more efficient. It can
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be also observed that the lines intersect the X axis at values between 85% and 80%, with the
exception of the 11 years line, which demonstrates that the extension of the lifetime from 2 to
5 years is environmentally comparable to the replacement of the standard product A (W) with
a new oven B (W) that is 15-20% more efficient.
From the analysis of the results shown in Figure 15 for mineral, fossil and renewable
resource depletion the extension of the lifetime can significantly reduce the life cycle impact
(relative to this impact category) independent of the energy efficiency of the replacing
product: extension by five years can reduce the life cycle impact by about 60%, four years 48%, three years - 35%, two years - 22% and one year - 10%.
4.1.4.3 Conclusions
The results from Model 1 show that extension of the lifetime of a domestic oven can lead to
environmental life cycle benefits mainly for those impact categories whose contribution
depends significantly on the production phase, and that this improvement is independent of
the energy efficiency of the replacing product. This applies for human toxicity cancer and
non-cancer effect and mineral, fossil and renewable resource depletion. Also for the
freshwater ecotoxicity impact category, whose contribution depends significantly on the
production phase and end of life phase, a product lifetime extension can lead to
environmental benefits.
For the impact categories whose impact depends mainly on energy consumption during the
use phase (for example GWP), or is equally influenced by the three life cycle stages, the
benefit of the life extension depends mainly on the energy efficiency of the replacing product.
An improvement in the energy efficiency of the replacing product (i.e. from 5% to 25%,
depending on the impact category being considered) can wipe out the benefits of the
extension of the lifetime.
The results produced from Model 2 were a little different. In 10 impact categories out of 15,
the greater level of benefit was delivered by the more durable scenario, rather than the
replacement (standard) scenario. This is most likely the result of the level of energy efficiency
improvement selected by the model, based on manufacturer input, as 25% over the 10 year
period in question.
This result demonstrates that the two key variables for this approach are the lifetime being
considered and the likely improvement in energy efficacy of the electric oven over this
lifetime. A significant improvement in energy efficiency (40%, Model 1) yields results where
the replacement scenario is more favourable overall, while a smaller improvement in energy
efficiency (25%, Model 2) yields results where by the more durable scenario is the more
favourable one potentially.

4.2 Costs and benefits of using more durable products
In order to calculate the economic costs and benefits linked to the two alternative options for
both the selected product group categories in the present study (refrigerators and electric
ovens), we have adopted a Life Cycle Costing (LCC) approach. LCC is often applied to
identify, measure and evaluate the costs associated with the entire life cycle of a product,
especially in the case of complex and durable products
In Section 2, the life cycle duration and other technical information of the two different
product alternatives were determined. In addition, the environmental impacts related to the
different alternatives have been calculated according to the PEF methodology. In this
section, the same hypotheses used for the calculation of the environmental impacts are used
for the calculation of LCC.
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4.2.1 LCC for refrigerators
The aim of this activity is to compare the LCC of two different alternatives related to
refrigerators with different lifetimes. The two options compared are:



Durable scenario: durable product - 15 years
Standard scenario: standard product A (10 years) + 5 years of standard product B
(which is 50% of the entire life of the product)

The assumptions and the cost data used in the LCC of the two alternatives for refrigerators
are summarised in Table 39 below. As can be seen, we have chosen to use data from the
second model analysis, on the basis that this is real world data from a manufacturer.
Table 39 Summary of the refrigerator products and cost information (Model 2)
Element

Standard Product A

Standard Product B

Durable product

Purchase price (€)

650

900

650

Lifetime (Years)

10

10

15

Electricity consumption (€/year)

285

156

285

92

Electricity price (€/kWh)

0,092 – 0,199 – 0,3

Maintenance & Repair (€/year)

0

345 €93 at year 10

0
2% – 3,5% – 5%

Discount factor (%)

The purchase price of the products is taken from manufacturer information, as is the
estimated amount of money spent on maintenance and repair over the lifetime. The
electricity prices are taken from the Eurostat Database for the year 2013. The simulation has
been performed using three prices:




the average cost for electricity in the European Union (0,199 €/kWh);
the maximum cost of electricity in the EU (0,3 €/kWh, registered in Denmark) ;and
the minimum cost for electricity in the EU (0,092 €/kWh, registered in Bulgaria).

The LCC has been calculated using three different discount factors, in order to check how
this parameter can influence the results of the study.
The LCC of the two different refrigerator scenarios has been calculated with three different
discount factors and three different electricity prices. Furthermore, a sensitivity analysis on
purchase price has been performed, comparing the results obtained with the standard
purchase prices (as specified in Table 39), the standard purchase price + 30% and the
standard purchase price – 30%.The results are reported in Table 40, Table 41 and Table 42
for the three different discount factors, with the green shading indicating which product
(standard or durable) has the lower LCC.
Table 40 LCC for refrigerators (Discount factor: 2%)
DF

Purchase
price

std

Energy
price

Total cost –
standard (€)

0,092

1429,37

0,199

1774,60

0,300

2100,48

0,092

1769,13

2%

std + 30%

Cost distribution (*)
P
M
E
P
M
E
P
M
E
P
M
E

79%
0%
21%
64%
0%
36%
54%
0%
46%
83%
0%
17%

Total cost –
durable (€)
1276,67

1676,34

2053,60

1471,67

Cost distribution
(*)
P
51%
M
22%
E
27%
P
39%
M
17%
E
44%
P
32%
M
14%
E
55%
P
57%
M
19%
E
23%

92

The entire cost of the standard product B is incurred at year 10, but at year 15 the residual value of the fridge (considering 12% for the
amortisation coefficient as used in the common practice) is subtracted.
93
The maintenance costs at year 10 include the cost for the replacement of parts of the refrigerator as well as the intervention of the technical
personnel.
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DF

Purchase
price

std - 30%

Energy
price

Total cost –
standard (€)

0,199

2114,36

0,300

2440,24

0,092

1089,61

0,199

1434,85

0,300

1760,72

Cost distribution (*)
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E

70%
0%
30%
60%
0%
40%
73%
0%
27%
55%
0%
45%
45%
0%
55%

Total cost –
durable (€)
1871,34

2248,60

1081,67

1481,34

1858,60

Cost distribution
(*)
P
45%
M
15%
E
40%
P
38%
M
13%
E
50%
P
42%
M
26%
E
32%
P
31%
M
19%
E
50%
P
24%
M
15%
E
60%

(*) P = Purchase; M = Maintenance; E = Energy

Table 41 LCC for refrigerators (Discount factor: 3.5 %)
DF

Purchase
price

std

3,5%

std + 30%

std - 30%

Energy
price

Total cost –
standard (€)

0,092

1352,76

0,199

1670,55

0,300

1970,52

0,092

1676,62

0,199

1994,41

0,300

2294,38

0,092

1028,91

0,199

1346,70

0,300

1646,67

Cost
distribution (*)
P
80%
M
0%
E
20%
P
65%
M
0%
E
35%
P
55%
M
0%
E
45%
P
84%
M
0%
E
16%
P
70%
M
0%
E
30%
P
61%
M
0%
E
39%
P
73%
M
0%
E
27%
P
56%
M
0%
E
44%
P
46%
M
0%
E
54%

Total cost –
durable (€)

Cost
distribution (*)
P
54%
M
20%
E
26%
P
41%
M
16%
E
43%
P
34%
M
13%
E
53%
P
60%
M
17%
E
22%
P
48%
M
14%
E
38%
P
40%
M
12%
E
48%
P
45%
M
24%
E
31%
P
33%
M
18%
E
49%
P
26%
M
14%
E
59%

1207,13

1570,65

1913,78

1402,13

1765,65

2108,78

1012,13

1375,65

1718,78

(*) P = Purchase; M = Maintenance; E = Energy

Table 42 LCC for refrigerators (Discount factor: 5%)
DF

Purchase
price

std

Energy price

Total cost –
standard (€)

0,092

1284,70

0,199

1578,53

0,300

1855,89

0,092

1594,32

5,0%

std + 30%

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Cost distribution
(*)
P
80%
M
0%
E
20%
P
65%
M
0%
E
35%
P
56%
M
0%
E
44%
P
84%
M
0%

Total cost –
durable (€)
1147,56

1479,92

1793,63
1342,56

Cost distribution
(*)
P
57%
M
18%
E
25%
P
44%
M
14%
E
42%
P
36%
M
12%
E
52%
P
63%
M
16%
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DF

Purchase
price

std - 30%

Energy price

Total cost –
standard (€)

0,199

1888,15

0,300

2165,51

0,092

975,08

0,199

1268,92

0,300

1546,27

Cost distribution
(*)
E
16%
P
71%
M
0%
E
29%
P
62%
M
0%
E
38%
P
74%
M
0%
E
26%
P
57%
M
0%
E
43%
P
47%
M
0%
E
53%

Total cost –
durable (€)

1674,92

1988,63

952,56

1284,92

1598,63

Cost distribution
(*)
E
21%
P
50%
M
13%
E
37%
P
42%
M
11%
E
47%
P
48%
M
22%
E
30%
P
35%
M
16%
E
48%
P
28%
M
13%
E
58%

(*) P = Purchase; M = Maintenance; E = Energy

The results are also shown diagrammatically in Figure 16. The diagonal line represents equal
costs for the two alternatives, such that points below this line indicate a lower LCC for the
durable option (Y axis) compared to the standard option (X axis).
Figure 16 Comparison of LCC for the standard and durable options
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1,000
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1,000
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2,000

2,250

2,500

LCC - option standard
std - 0.092€/kWh

std - 0.199€/kWh

std - 0.3 €/kWh

std+30% - 0.092E/kWh

std+30% - 0.199€/kWh

std+30% - 0.3 €/kWh

std-30% - 0.092€/kWh

std-30% - 0.199€/kWh

std-30% - 0.3€/kWh

In summary, the chart and tables indicate that the durable option has a lower LCC than its
standard alternative for seven of the nine possible combinations of purchase and energy
price for each of the discount rates. The lower LCC results for the durable option are due to
the purchase cost of the two appliances necessary within the standard option, as opposed to
the single purchase required in the durable option.
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Only when there is a 30% discount on the purchase price and the energy costs are not low
does the standard product become cheaper over its lifetime.
Sensitivity analysis was also carried out on the energy efficiency of standard product B (as in
previous sections), selecting a discount factor of 3.5% and the price of electricity 0.199
€/kWh. Variations in the purchase price (standard, standard +30%, standard -30%) and the
electricity consumption of the standard product B have been explored.
Three scenarios were investigated, in which the electricity consumption of standard product
B was set to the following percentage of the consumption of standard product A:




55% (Model 2, base case as defined by the manufacturer input data)
75%
100% (i.e. equal, with no energy efficiency improvement)

The results of the analysis are reported in Table 43 and in Figure 17.
Table 43 LCC for refrigerators (Discount factor: 3,5%, electricity 0.199 €/kWh)
DF

Purchase price

Energy consumption
of std B versus std A

Total cost – std (€)

Total cost – durable (€)

55%

1670,55

1570,65

75%

1708,63

1570,65

100%

1755,60

1570,65

55%

1994,41

1765,65

75%

2032,48

1765,65

100%

2079,46

1765,65

55%

1346,70

1375,65

75%

1374,36

1375,65

100%

1431,74

1375,65

std

3,5%

Std + 30%

Std – 30%

Figure 17 Comparison of LCC for the standard and durable options
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std +30%, E(StdB)=75%E(stdA)
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Ref: Ricardo-AEA/R/ED59246/Issue Number 1

158

The Durability of Products: Full Report

In Figure 17, the blue symbols are equivalent to the middle blue symbols in Figure 16, and
the red and green symbols indicate the results of successively decreasing the energy
efficiency of the standard product B. We see that decreasing the relative energy efficiency of
the standard product B makes the durable option increasingly favourable in LCC terms.
Additionally, a sensitivity analysis on the cost of maintenance for the durable refrigerator has
been performed. The significance of the cost of maintenance on the total life cycle costs of a
product can vary due to a number of factors:


The price of spare parts will vary



The price of labour may vary



The point in time when the maintenance interventions take place.

In order to explore the implications of the cost of maintenance for a durable product versus a
standard product, the start point was taken that maintenance occurs at year 10 of the durable
product’s lifetime and the total cost of maintenance was varied. Obviously, this is not a
comprehensive approach, but rather an illustrative one that will demonstrate the LCC
implications.
As used previously, a discount factor (3.5%) and a price of electricity (0.199 €/kWh) were
selected and the life cycle costs calculated by varying the purchase price and the
maintenance costs applicable to the durable product. For the purchase price, three scenarios
were considered; the standard purchase price; the standard purchase price + 30%; the
standard purchase price – 30%, while for the maintenance costs of the more durable product
the following three scenario were considered:


The maintenance cost of the durable product is assumed to be equal to the amount
declared by producers (base case, as defined by the producer).



The maintenance cost of the durable product is assumed to be equal to the amount
declared by producers plus 30%.



The maintenance cost of the durable product is assumed to be equal to the amount
declared by producers minus 30%.

The results of the analysis are reported in Table 44 and in Figure 18.
Table 44 LCC for refrigerators considering the cost of maintenance (Discount factor:
3,5%, electricity 0.199 €/kWh)
DF

Purchase price

std

3,5%

std + 30%

std - 30%

Energy consumption
of std B

Total cost - std

Total cost - durable

Maintenance std -30%
Maintenance std
Maintenance std +30%
Maintenance std -30%
Maintenance std
Maintenance std +30%
Maintenance std -30%
Maintenance std
Maintenance std +30%

1670,55
1670,55
1670,55
1994,41
1994,41
1994,41
1346,70
1346,70
1346,70

1497,28
1570,65
1644,02
1692,28
1765,65
1839,02
1302,28
1375,65
1449,02
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Figure 18 Comparison of LCC for the variance in the cost of maintenance
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This demonstrates that variations in the cost of maintenance for the durable product are
anticipated to only be significant in the case where the purchase price equals the standard
price – 30%, i.e. when purchase prices are low.

4.2.2 LCC for domestic electric ovens
Repeating the exercise for domestic electric ovens, and following the same methodology, the
assumptions are set out in Table 45 below.
Table 45 Summary of the domestic electric oven products and cost information
Element

Standard Product A

Standard Product B

Durable product

Purchase price (€)

450

80094

450

Lifetime (Years)

10

10

15

Electricity consumption (€/year)

100,92

85,52

100,92

Maintenance & Repair (€/year)

0

0

215 € 95at year 10

Electricity price (€/kWh)

0,092 – 0,199 – 0,3

Discount factor (%)

2% - 3,5% - 5%

The purchase price of the products is taken from manufacturer information, as is the
estimated amount of money spent on maintenance and repair over the lifetime. The
electricity prices are taken from the Eurostat Database for the year 2013
Table 46 LCC for electric ovens (Discount factor 2%)
DF

Purchase

Energy price

Total cost –

Cost distribution

Total cost –

Cost distribution

94

The entire cost of the standard product B is incurred at year 10, but at year 15 the residual value of the oven (considering 12% for the
amortisation coefficient as used in the common practice) is subtracted.
95
In the maintenance costs at year 10 are included the cost for the replacement of parts of the oven as well as the intervention of the technical
personnel.
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standard (€)

price

std

2,0%

std + 30%

std - 30%

0,092

995,02

0,199

1130,04

0,300

1257,50

0,092

1258,69

0,199

1393,72

0,300

1521,17

0,092

731,34

0,199

866,37

0,300

993,82

P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E

(*)
88%
0%
12%
78%
0%
22%
70%
0%
30%
91%
0%
9%
82%
0%
18%
75%
0%
25%
84%
0%
16%
71%
0%
29%
62%
0%
38%

durable (€)
748,06

889,59

1023,18

883,06

1024,59

1158,18

613,06

754,59

888,18

(*)
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E

60%
24%
16%
51%
20%
30%
44%
17%
39%
66%
20%
14%
57%
17%
26%
51%
15%
34%
51%
29%
20%
42%
23%
35%
35%
20%
45%

(*) P = Purchase; M = Maintenance; E = Energy

Table 47 LCC for electric ovens (Discount factor: 3.5%)
DF

Purchase
price

std

3,5%

std + 30%

std - 30%

Energy price

Total cost standard

0,092

937,78

0,199

1061,05

0,300

1177,40

0,092

1187,32

0,199

1310,59

0,300

1426,94

0,092

688,24

0,199

811,51

0,300

927,86

Cost distribution
(*)
P
89%
M
0%
E
11%
P
78%
M
0%
E
22%
P
71%
M
0%
E
29%
P
91%
M
0%
E
9%
P
83%
M
0%
E
17%
P
76%
M
0%
E
24%
P
85%
M
0%
E
15%
P
72%
M
0%
E
28%
P
63%
M
0%
E
37%

Total cost durable
713,10

841,82

963,32

848,10

976,82

1098,32

578,10

706,82

828,32

Cost distribution
(*)
P
63%
M
21%
E
16%
P
53%
M
18%
E
28%
P
47%
M
16%
E
37%
P
69%
M
18%
E
13%
P
60%
M
16%
E
25%
P
53%
M
14%
E
33%
P
54%
M
26%
E
19%
P
45%
M
22%
E
34%
P
38%
M
18%
E
44%

(*) P = Purchase; M = Maintenance; E = Energy

Table 48 LCC for electric ovens (discount factor: 5%)
DF

Purchase

Energy price

Total cost -
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price

std

5,0%

std + 30%

std - 30%

standard
0,092

886,85

0,199

999,94

0,300

1106,68

0,092

1123,73

0,199

1236,82

0,300

1343,57

0,092

649,96

0,199

763,05

0,300

869,80

P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E

(*)
89%
0%
11%
79%
0%
21%
71%
0%
29%
91%
0%
9%
83%
0%
17%
76%
0%
24%
85%
0%
15%
72%
0%
28%
64%
0%
36%

durable
683,18

800,87

911,96

818,18

935,87

1046,96

548,18

665,87

776,96

(*)
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E
P
M
E

66%
19%
15%
56%
16%
27%
49%
14%
36%
72%
16%
12%
63%
14%
23%
56%
13%
32%
57%
24%
18%
47%
20%
33%
41%
17%
42%

(*) P = Purchase; M = Maintenance; E = Energy

Figure 19 Comparison of LCC for the standard and durable options
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This time, we see that, for every combination of discount factor and electricity price, the
standard option is more costly from a life cycle perspective than the durable alternative,
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because of the need to purchase a second appliance. Discount factors and electricity prices
affect the scale of the differences, but never make the standard option less costly.
As before, the impact of changes in the assumed energy efficiency of standard product B
were also investigated as a sensitivity, looking at differences of 55%, 85% (the base case, as
given by the manufacturer input data, Model 2) and 100%.
The results are reported in Table 49 and in Figure 20. Although there is some effect,
plausible changes in the energy efficiency of standard product B are shown to never make
the standard option less costly that its durable alternative.
Table 49 LCC for refrigerators (Discount factor: 3,5%)
DF

Purchase price
std

3,5%

Std + 30%

Std – 30%

Energy consumption
of std B
EstdB=55%EstdA
EstdB=85%EstdA
EstdB=100%EstdA
EstdB=55%EstdA
EstdB=85%EstdA
EstdB=100%EstdA
EstdB=55%EstdA
EstdB=85%EstdA
EstdB=100%EstdA

Total cost - std
1041,26
1061,05
1071,20
1290,80
1310,59
1366,26
791,72
811,51
821,66

Total cost - durable
841,82
841,82
841,82
976,82
976,82
976,82
706,82
706,82
706,82

Figure 20 Comparison of LCC for the standard and durable options
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Additionally, a sensitivity analysis on the cost of maintenance for the durable oven has been
performed, following the same principles as for the durable refrigerator, above. The results of
the analysis for ovens are reported in Table 50 and in Figure 21.
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Table 50 LCC for refrigerators considering the cost of maintenance (Discount factor:
3,5%, electricity 0.199 €/kWh)
DF

std

3,5%

Energy consumption
of std B

Total cost - std

Total cost - durable

Maintenance std -30%
Maintenance std
Maintenance std +30%
Maintenance std -30%
Maintenance std
Maintenance std +30%
Maintenance std -30%
Maintenance std
Maintenance std +30%

1061,05
1061,05
1061,05
1310,59
1310,59
1310,59
811,51
811,51
811,51

796,09
841,82
887,54
931,09
976,82
1022,54
661,09
706,82
752,54

Purchase price

std + 30%

std - 30%

Figure 21 Comparison of LCC for the variance in the cost of maintenance
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This demonstrates that possible variations in the cost of maintenance for the durable product
are not expected to be significant in any of the scenarios explored.

4.3 Conclusions
This study has investigated the implications of requiring more durable products, for both
refrigerators and electric ovens, considering both life cycle environmental factors and life
cycle cost factors.
Ideally, this analysis would have been performed using data at the component level, but,
disappointingly, this was ultimately not available, and so alternative means of performing the
analysis had to be developed. It is recommended that component level durability
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improvements (including the manufacturing processes which develop more durable products)
should be further explored with more direct manufacturer engagement to provide the
necessary level of detail.
Refrigerators
It has been identified that, based on the assumptions made in this project, extending the
product life of a refrigerator from 10 years to 15 years can lead to limited environmental life
cycle benefits, mostly for those impact categories whose contribution depends mainly on the
production phase.
For the impact categories that result to a greater degree from the energy consumption during
the use phase, extending the durability of the product does not lead to significant
environmental benefits, and in fact a small improvement (less than 10%) in the energy
efficiency of the replacing product can lead to a significant reduction of the life cycle
environmental impacts of the standard scenario compared to the durable scenario.
For impact categories equally influenced by the three life cycle stages, the benefit of the life
extension depends mainly on the energy efficiency of the replacing product. Sensitivity
analysis revealed that a relatively small improvement (i.e. an average value of 15%) in the
energy efficiency of the replacing product can wipe out the benefits of the extended lifetime.
The results of Model 1 (Ecodesign input data) and Model 2 (Manufacturer input data) broadly
support each other and produced similar results.
Consideration of the cost implications identifies that the more durable product generally
delivers a lower life cycle cost for the consumer compared to the standard option, largely due
to avoiding the purchase of the replacement appliance. Only when the purchase price is low
and electricity is not cheap does the standard option become cheaper, and, even then, the
margins are small (and never more than 6%). Considerations of the implications of the cost
of maintenance show that this only drives the cost of the durable product above that of the
standard product when the initial purchase price is low and maintenance either standard or at
a higher level.
Ovens
A similar result is seen for domestic electric ovens, where extending the product life can lead
to environmental life cycle benefits mostly in those impact categories whose contribution
depends mainly on the production phase. In the other impact categories where this is not the
case, the benefit of the life extension is largely dependent on the energy efficiency of the
replacing product. An improvement (in the range from 5% to 25%) in the energy efficiency of
the replacing product can wipe out the benefits of the extension of the lifetime.
Interestingly in the scenarios explored for domestic electric ovens, the results of the
environmental benefits varied to a greater extent between the two different Models explored.
This is most likely explained by the fact that the improvements in energy efficiency assumed
within Model 1 (60%) and Model 2 (85%) varied to a greater degree (compare refrigerators,
where the variation was smaller: Model 1: 60%; Model 2: 55%).
When cost implications are considered, the more durable product delivers a lower life cycle
cost for the consumer in all scenarios, largely due to avoiding the purchase of the
replacement appliance. Considerations of the implications of the cost of maintenance show
that in the scenarios explored here the durable product is always the lower cost option in all
cases, even with low purchase prices and high maintenance costs.
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Appendix 1: Long list of products

1
2
3
4
5
6

Battery chargers and
external power supplies
(Lot 7)
Bed mattresses
Boilers and combi-boilers
(Lot 1)
Central heating products
(other than CHP) (Lot 21)
Cleaning products and
services
Circulators in buildings
(Lot 11)

7

Commercial refrigerators and
freezers (Lot 12)

8

Combined heat and power
(CHP)

9

11

Compressors (Lot 31)
Complex set-top boxes
(Lot 18)
Construction

12

Copying and graphic paper

13

Detergent for dishwashers

10

EU Ecolabel

GPP

Energy label

Revision
Future working
plan

Prep Study
ongoing

Prep study
finished no IM

Product Group

Regulation in
place

Eco design





Ecodesign regulation in place since 2009, non-workhorse product.




Further detail and reasons for dismissing a product



Product too simple to be relevant.
Ecodesign requirements adopted in 2013.
Proposed working document in 2013, so product requirements developed. Product group
is heterogeneous, so more challenging to develop a first methodology.




Consumable – not suitable



Part of a system



Significantly better data is available for domestic equivalents. No regulation in place,
preparatory study on-going and many products are designed for specific installations,
hence a heterogeneous product group.
CHP systems are usually part of a complex system, and hence are likely to be unsuitable
for the development of an initial methodology. No Ecodesign measure exists yet and the
product group is not present in the working plan.




Study is ongoing
Voluntary agreement (VA). New technologies – high rate of innovation

VA

Ref: Ricardo-AEA/R/ED59246/Issue Number 1




System
x

Consumable – not suitable



Consumable – not suitable
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EU Ecolabel

GPP

Energy label

Revision
Future working
plan

Prep Study
ongoing

Prep study
finished no IM

Product Group

Regulation in
place

Eco design

Further detail and reasons for dismissing a product

Distribution and power
transformers (ENTR Lot 2)
Domestic dishwashers
(Lot 14)








Domestic laundry driers (Lot
16)













Ecodesign Regulation in place since 2010 (EU Ecolabel lapsed).







19

Domestic refrigerators and
freezers (Lot 13)
Domestic washing machines
(Lot 14)
Electricity

20

Electric motors (Lot 11)



Product group being reviewed by JRC Project.
Regulation in place for 4 years + label (EU Ecolabel lapsed).
Consumable – not suitable
Ecodesign Regulation in place since 2009; includes motors within other products. Latest
amendment was in 2014.

14
15
16
17
18

21
22
23
24

New Regulation 2013, challenging product to generate a replicable methodology for.



Enterprise servers
(ENTR Lot 9)
Food and catering services
Footwear
Fractional horse power
motors under 200W


2015

New technology, rapid rate of innovation anticipated.






28

Gardening products and
services
Hand dishwashing
detergents
Hard floor covering

29

Heat pumps

30

Heating systems

27
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Fashion item – not suitable. EU Ecolabel criteria currently under revision.
No preparatory study announced yet, very specialist group of products.



26

Service


Furniture

25

Product group being reviewed by JRC Project.
Ecodesign Regulation in place for 4 years (adopted in 2010) + label (EU Ecolabel lapsed).
Ecodesign Regulation introduced in 2012. Potentially interesting product as has moving
parts, electronics, supply of heat, although timeliness may make the product group less
relevant.






Resource efficiency requirements ask for durable furniture and EU Ecolabel and GPP
criteria currently under development.
Potentially could focus on office equipment only. Product is very simple, and product
group is very heterogeneous.
Service and heterogeneous group of products



Consumable – not suitable



Product too simple



Only covered by EU Ecolabel.



System
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31

32

33
34
35
36

Imaging equipment (copiers,
faxes, printers, scanners,
MFD) (Lot 4)

Industrial ovens
(ENTR Lot 4)
Kitchen appliances - oven
and hobs (Lot 22 and 23)
Large pumps and pumps for
pools, fountains, aquariums
(Lot 29)
Laundry detergents
Lighting (domestic and
tertiary) (Lot 8 and 9)

38

Lighting controls/systems

39

Local room heating products
(Lot 20)

40

Lubricants

41

Machine tools (ENTR Lot 5)

42

Medical electrical equipment

43

Mobile phones
Networked standby losses
(Lot 26)
Non-tertiary coffee machines
(Lot 25)

45

EU Ecolabel

GPP

Energy label

Revision
Future working
plan

Prep Study
ongoing



VA

Indoor paints and varnishes

37

44

Prep study
finished no IM

Product Group

Regulation in
place

Eco design



Voluntary agreement, GPP and EU Ecolabel criteria finalised in 2013.



Consumable – may not be suitable, although durability requirements are a key
consideration. Indoor paints and varnishes would have a more homogenous life period. EU
Ecolabel criteria exist, GPP criteria are under development, although it is now relatively late
to influence them.



Better data for domestic equivalents





Ecodesign Regulation 2013.



Part of a system
















VA

Further detail and reasons for dismissing a product

Consumable – not suitable
Product (lamps) is too simple, systems requirements are the next step which would be
challenging. Also, light bulbs already have durability requirements.
GPP requirements for ‘Office Lighting’.
EU Ecolabel requirements for ‘Light bulbs’.
No preparatory study announced yet. Part of a system approach to products, so less
relevant for the development of an initial product durability methodology.
New Ecodesign Regulation in 2013, so timeliness less relevant. Product group
encompasses both gas and electrical products, therefore a relatively heterogeneous
product group.
Product is too simple to be relevant.
Non domestic product, wide variety in group



Non domestic product, very specialist products



New technology, high rate of innovation



New technology, high rate of innovation



Requirements in 2013, as part of the network standby Regulation. Market innovation is
occurring in the capsule based appliances.
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EU Ecolabel

GPP

Energy label

Revision
Future working
plan

Prep Study
ongoing

Prep study
finished no IM

Product Group

Regulation in
place

Eco design

Further detail and reasons for dismissing a product

46

Office buildings



System

47

Office IT equipment:
Outdoor paints and
varnishes
Personal computer and
servers (Lot 3)
Power cables (ENTR Lot 8)
Professional wet appliances
and dryers (Lot 24)
Positive displacement pumps



Covered by PC, sound imaging, standby, networked standby
Product is very heterogeneous. EU Ecolabel criteria recently developed (voted in
November 2013). GPP criteria under development.
New Ecodesign Regulation 2013. EU Ecolabel and GPP criteria under
revision/development.
Product is too simple

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Pumps for waste water
(Lot 28)
Refrigerating and freezing
equipment (industrial)
(ENTR Lot 1)
Residential ventilation and
kitchen hoods (Lot 10)
Road construction and traffic
signs
Room air conditioning
appliances (Lot 10)
Sanitary products
Simple set-top boxes
(Lot 18a)
Soaps and shampoos
Soil improvers and growing
media
Solid fuel boilers (Lot 15)
Sound and imaging
equipment (DVD/video
players and recorders, video











Niche product group and better data for domestic products


No preparatory study announced yet.



Preparatory study is ongoing.




Better data available for domestic equivalents


Regulation likely to come into force 2014






System


New regulation 2012
Consumable – not suitable
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New technologies


Consumable – not suitable



Consumable – not suitable



New regulation 2013



New technology, rapid rate of innovation
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64
65
66
67
68
69
70

Space and combination
heaters (Lot 1)
Special and large motor
systems (Lot 30)
Standby and off-mode losses
of EuPs (Lot 6)
Steam boilers (< 50MW)

75

Tissue paper

Tyres

80
81

Uninterruptible power
supplies (Lot 27)
Vacuum cleaners (Lot 17)

EU Ecolabel

GPP

Energy label



Thermal insulation

79

No preparatory study announced yet


74

78

Not product specific


73

77

Non domestic, specialist products





Toilets and urinals
Tourist accommodation and
camp sites
Transport

New regulation 2013


Street lighting and traffic
signals
Taps and shower heads
(JRC)

Further detail and reasons for dismissing a product

No prep. study announced yet



Tertiary air conditioning
(ENTR Lot 6)
Textile products

76

Revision
Future working
plan




72

Prep Study
ongoing

projectors, video game
consoles) (ENTR Lot 3)
Smart appliances/meters

Televisions (Lot 5)

71

Prep study
finished no IM

Product Group

Regulation in
place

Eco design





System





Product too simple





Revision of Energy label possibly to occur in 2014. EU Ecolabel criteria being revised. But
high rate of innovation currently and to some degree a fashion item.
New regulation 2013








Fashion item – not suitable. EU Ecolabel criteria just completed. GPP criteria in final phase.
System, no preparatory study announced yet
Consumable – not suitable





Product is too simple



Non domestic



System
Requirement that a tyre specific energy label be displayed on all tyres from 2012,
Regulation (EC) No 1222/2009.
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84

Water heaters (Lot 2)

85

87

Waste water infrastructure
Window products for
buildings (ENTR Lot 32)
Wine storage appliances

88

Wooden floor coverings

89

Hairdryers

90

Kettles

91

Irons

92

Shavers

93

Weight scales

94

Food preparation machines

86

EU Ecolabel

Wall panels

GPP

83

Energy label



Revision
Future working
plan

Ventilation fans (Lot 11)

Prep Study
ongoing

82

Prep study
finished no IM

Product Group

Regulation in
place

Eco design

This includes fans within other products. However it excludes fans used in vacuum cleaners
as their optimal efficiency point is above 8000 rotations per minute. Previously only info
requirements were included for those, now excluded through Vacuum Cleaner Regulation.
Product too simple



Lot
2


Lot
1
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Further detail and reasons for dismissing a product



New regulation came into force 2013



A system rather than a homogeneous product.



Product is too simple



No preparatory study announced yet


Product too simple

Products considered, but ultimately are too simple, use is too localised and absence of
regulatory environment reduces the relevance.
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Appendix 2: Existing Test Methods
Proforma
Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Name of organisation and person
responding:
Standard name, number and edition:
Clause or other reference:

Description or title:

Brief description of the test:


Include threshold for ‘pass’ i.e.
10,000 cycles etc

Product/s or components covered:

How it is used – regulations, policy, by
retailers buying stock, manufacturers
etc.

Methodology developed by:
(Standards body, industry association,
test laboratory, manufacturer, retailer
etc.)

Methodology users:



Who uses the methodology? Please
give names of
companies/organisations or policies
etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?



To assess a component or operation
To ensure quality of components
selected by manufacturer
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 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Product Durability Project Task 2

Table 2: Evaluation for use in product policy

Implementation:



Is this test currently available in
accredited laboratories within the
EU?
Give source of information i.e.
accreditation body, laboratory
website link etc.

Repeatability:



How repeatable is the test within one
laboratory?

Reproducibility:




How reproducible between
laboratories are the test results?
Have any round-robin ring tests
been undertaken for this test?

Potential for EU product policy:


In your opinion, would use of this
test in an Ecodesign regulation
affect the durability of products?
 How might the test be changed to
improve product durability? i.e.
duration and temperature of test
increased?
Use for other products:




Could this test, as it stands, be used
for other products?
Which products?
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Appendix 3: Completed Test Method
Proformas - Refrigerators
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Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Name of organisation and person
responding:

AQSIQ1

Standard name, number and edition:

GB/T8059.1-1995

Clause or other reference:

6.3.3

Description or title:

The Durability test Door hinge and handle

Brief description of the test:

Refrigerator: 100,000



Freezer: 10,000

Include threshold for ‘pass’ i.e. 10,000
cycles etc

Product/s or components covered:

Door hinge and handle

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations suggested

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Haier



Who uses the methodology? Please give
names of companies/organisations or
policies etc. known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?


 To assess a component or operation
 To ensure quality of components selected 
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

1

To assess a component or operation
To assess a component or operation
To ensure quality of components selected
by manufacturer

General Administration of Quality Supervision, Inspection and Quarantine, China
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Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

22.47

Description or title:

Appliances intended to be connected to the water
mains shall withstand the water pressure
expected in normal use.

Brief description of the test:

Compliance is checked by connecting the
appliance to a water supply having a static
pressure equal to twice the maximum inlet water
pressure or 1,2 MPa, whichever is higher, for a
period of 5 min.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

There shall be no leakage from any part,
including any inlet water hose.
See standard for full details
Product/s or components covered:

Products having the facility to connect to the
water mains

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

23.1

Description or title:

Internal wiring

Brief description of the test:

Wireways shall be smooth and free from sharp
edges.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Wires shall be protected so that they do not come
into contact with burrs, cooling fins or similar
edges which may cause damage to their
insulation.
Holes in metal through which insulated wires
pass shall have smooth well-rounded surfaces or
be provided with bushings.
Wiring shall be effectively prevented from coming
into contact with moving parts.
See standard for full details

Product/s or components covered:

Internal wiring

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

23.9

Description or title:

Internal wiring connections

Brief description of the test:

Stranded conductors shall not be consolidated by
soldering where they are subjected to contact
pressure, unless the contact pressure is provided
by spring terminals.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Internal wiring connections

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

24.1.1

Description or title:

Components - Capacitors

Brief description of the test:

The relevant standard for capacitors likely to be
permanently subjected to the supply voltage
and used for radio interference suppression or
for voltage dividing is IEC 60384-14.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Capacitors for connection across the mains

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are
the relevant Harmonised Standards for the
purposes of LVD compliance for refrigerating
appliances within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

24.1.3

Description or title:

Component - Switches

Brief description of the test:

The relevant standard for switches is IEC 610581. The number of cycles of operation declared for
7.1.4 of IEC 61058-1 shall be at least 10,000



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Switches

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

24.1.4

Description or title:

Component - Controls

Brief description of the test:

The relevant standard for automatic controls is
IEC 60730-1 together with the relevant part 2.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

The number of cycles of operation declared for
6.10 and 6.11 of IEC 60730-1 shall not be less
than the following:
– thermostats 10 000
– temperature limiters 1 000
– self-resetting thermal cut-outs 300
– voltage-maintained non-self-resetting thermal
cut-outs 1 000
– other non-self-resetting thermal cut-outs 30
– timers 3 000
– energy regulators 10 000

Product/s or components covered:

See standard for full details
Controls

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and
similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

7.12.1

Description or title:

Marking and instruction

Brief description of the test:

Instructions shall include the method for
replacing illuminating lamps.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Product/s or components covered:

Illuminating lamps

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are
the relevant Harmonised Standards for the
purposes of LVD compliance for refrigerating
appliances within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:


Instructions for use are checked to include the
required wording

Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Allows user to easily effect a repair
(replacement) of lamp(s)
 To assess a component or operation
 To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

15.2

Description or title:

Moisture resistance

Brief description of the test:

Simulation of spillage of liquid onto inside walls
and on top of the apparatus



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details

Product/s or components covered:

Fridges that may be used to store liquids

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
To ensure that the electrical insulation of the
apparatus is not compromised by accidental
 To assess a component or operation
liquid spillage.
 To ensure quality of components selected
by manufacturer
 To select appliances by retailer
Regulations require it
 Regulations require it (state)
Multiple and other reasons can be given
Failure to comply with the test requirements is
likely to result in failure of the appliance following
a liquid spill.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

19.101

Description or title:

Abnormal operation (Heating systems)

Brief description of the test:

Heating systems shall be so dimensioned and
located that there is no risk of fire even in the
case of abnormal operation.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full test details
Product/s or components covered:

heating system
heating element with associated components
such as timers, switches, thermostats and other
controls

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

20.102

Description or title:

Door loading test - stability

Brief description of the test:

Doors are loaded with weights of 80mm in
diameter, weighing 0.5kg each



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for arrangement and number of
weights employed

Product/s or components covered:

Appliances provided with doors

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes of
LVD compliance for refrigerating appliances within
Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

20.103

Description or title:

Sliding draws – stability test

Brief description of the test:

Draws are loaded with 0.5kg/l volume and pulled
to the most onerous position



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details

Product/s or components covered:

Appliances provided with sliding storage draws

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

20.104

Description or title:

Appliances provided with sliding drawers,
accessible without opening a door are subjected
to the following test:-

Brief description of the test:

Each drawer is loaded with a uniformly distributed
load/unit storage volume of the compartments of
0,5 kg/l.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

One drawer, selected to give the most
unfavourable result is pulled to its most onerous
out position or to its stops, if fitted, and a weight
of 23 kg is gently applied to or suspended from
the centre of the drawer.
See standard for full details
Product/s or components covered:

Appliances provided with sliding storage draws
accessible without opening a door

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2 Domestic
Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

22.107.2

Description or title:

Scratch test of accessible cooling system
components – where flammable refrigerants are
used

Brief description of the test:

Relevant surfaces are subject to the scratch test,
followed by a pressure test



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details

Product/s or components covered:

Accessible cooling system components

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes
of LVD compliance for refrigerating appliances
within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know, please
say so, and state why it is not used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components selected
by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

23.3

Description or title:

Flexing of electrical conductors that are flexed in
normal operation

Brief description of the test:

100,000 cycles of flexing operation



See standard for full details

Include threshold for ‘pass’ i.e. 10,000
cycles etc

Product/s or components covered:

Wiring subject to flexing during normal operation

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes of
LVD compliance for refrigerating appliances within
Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2-24: Particular requirements for
refrigerating appliances, ice-cream
appliances and ice makers (IEC/EN 60335-1)

Clause or other reference:

24.1.3

Description or title:

Components - Switches

Brief description of the test:

Test of switches to the requirements of IEC 610581



Include threshold for ‘pass’ i.e. 10,000
cycles etc

quick freeze switches – 300 cycles
– manual and semi-automatic defrost switches –
300 cycles
– door switches – 50,000 cycles
– on/off switches – 300 cycles
See Standard for full details

Product/s or components covered:

Switches

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-24 are the
relevant Harmonised Standards for the purposes of
LVD compliance for refrigerating appliances within
Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:



Test houses, switch manufacturers demonstrating
that their switches are suitable for the specific
application.

Who uses the methodology? Please
give names of companies/organisations
or policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
To assess a component



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Regulations require it
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2IEC/EN 60335-2-34:2013 Motor compressors

Clause or other reference:

24.1.4

Description or title:

Compressor start relay

Brief description of the test:

Compressor Start Relay is tested to 100,000
operations



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Product/s or components covered:

Compressor Start Relay

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

regulations

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Test houses



Who uses the methodology? Please
give names of
companies/organisations or policies etc
known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Clause or other reference:

IEC/EN 60335-2-24:2010 Household and similar
electrical appliances — Safety
Part 2IEC/EN 60335-2-34:2013 Motor compressors
22.7

Description or title:

Elevated pressure test of refrigerant system

Brief description of the test:

Test is carried out on two samples.



Pressure is increased to the prescribed level and
held for one minute.

Include threshold for ‘pass’ i.e. 10,000
cycles etc

Only limited leakage is allowed as described within
the standard
Product/s or components covered:

Compressors

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

regulations

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Test houses



Who uses the methodology? Please
give names of
companies/organisations or policies etc
known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Product Durability Project Task 2
Domestic Refrigerators

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Table 1: Test methods
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The Durability of Products: Appendices

Standard name, number and edition:

Rectified Mains application expected wear-out
life time tests (for electrolytic capacitors) EIA
IS-749

Clause or other reference:

All

Description or title:

All

Brief description of the test:

The Standard models expected life time for
electrolytic capacitors based on various
parameters (working temperature Vs. maximum
operating temp; working voltage Vs. maximum
operating voltage; working ripple current, etc)



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Product/s or components covered:

Electrolytic Capacitors

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Designers can use crude estimations based on
the standard to determine the likely life time of
electrolytic capacitors used within their
equipment – see worked example below.

Methodology developed by:

Developed by US Standardisation committee:

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Electronic Industries Alliance (EIA)

Methodology users:




Electrolytic capacitors can have an extremely
short life if operated close to their maximum
Who uses the methodology? Please give ratings. By de-rating the component, its
names of companies/organisations or
expected life can be significantly extended.
policies etc known to use it currently.
If it is not used, so far as you know,
please say so, and state why it is not
Although the cited standard specifically relates
used
to the application of electrolytic capacitors
subjected to rectified mains voltages, other
lower voltage electrolytic capacitors are known
to suffer from potential low life times.

Why is this method used?



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

An electrolytic capacitor may have an expected
operation life of only 2,000 hours (when
operated at maximum temperature and voltage)
As a rule of thumb, the operational life doubles
for every 10ºC reduction below the maximum
temperature; and will double if the operating
voltage is ½ of the maximum rating.
If a capacitor having a maximum operating
temperature of 85ºC is operated at 45ºC and at
½ the rated voltage – then its expected life will
be increased by a factor of 32 (with a base of
2,000 hours, this will become 64,000 hours or
over 7 years)

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Name of organisation and person
responding:

CECED

Standard name, number and edition:

DIN 8974: Switching time test for hermetic motor
compressors in refrigeration systems, test
DIN 8978: Wear Test For Refrigerant compressors
DIN 8979: High temperature testing of motorCompressors in refrigeration systems
CECOMAF GT 4-002, GT4-003, GT 4-004

Clause or other reference:
Description or title:
Brief description of the test:


Include threshold for ‘pass’ i.e.
10,000 cycles etc

DIN 8974 and CECOMAT/CECED GT 4-004:
500.000 switching cycles
DIN 8978 and CECOMAF/CECED GT 4-003:
1000 hours uninterrupted running of the engine at
the specified coil temperature (R 600a: 10,9 bar :
1,08 bar)
DIN 8979 and CECOMAF/CECED GT 4-002:
2000 hours uninterrupted running of the engine at
the specified coil temperature (R 600a: 7,7 bar : 1,08
bar)

Product/s or components covered:

Compressors (standard and variable speed)

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

As described in the standards

Methodology developed by:

Standard body and industry association

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:


Manufacturers of the component (compressor) and
manufacturers of the cooling appliance

Who uses the methodology?
Please give names of
companies/organisations or
policies etc known to use it
currently.
 If it is not used, so far as you know,
please say so, and state why it is
not used
Why is this method used?
to assess/evaluate the quality and the reliability of
the component and therefore also the quality and the
 To assess a component or
reliability of the appliance
operation
 To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

EN 62552 : 2013 Household refrigerating
appliances - Characteristics and test methods

Clause or other reference:

Clause 11 & Clause 9

Description or title:

Testing durability of doors, lids and drawers.
Testing air-tightness of doors lids and drawer
seals.

Brief description of the test:

Door seal effectiveness test is carried out before
and after the door openings below.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Fridge doors 100,000 times.
Freezer doors 30,000 times.

Product/s or components covered:

Door gasket

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

No regulatory requirement. I suspect not all
manufacturers carry out this test. Whether
manufacturers demand components pass this
test as a condition of supply is not known.

Methodology developed by:

Manufacturer/ standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
If it is not used, so far as you know,
please say so, and state why it is not
used

BSH
It is not know how many manufacturers use this
and why if they do not.
The gasket (paper) test is somewhat subjective.
Failures are so obvious the test is superfluous.

Why is this method used?





To assess a component or operation
To ensure quality of components
selected by manufacturer
To select appliances by retailer
Regulations require it (state)



POSSIBILY
POSSIBILY
NO
NO

Multiple and other reasons can
be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

EN 62552 : 2013 Household refrigerating
appliances - Characteristics and test methods

Clause or other reference:

Clause 11

Description or title:

Testing durability of doors, lids and drawers

Brief description of the test:

Door shelves are loaded in accordance with
Clause 11.2.1. Doors are opened to a particular
angle



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Fridge doors 100,000 times.
Freezer doors 30,000 times.
Product/s or components covered:

Hinge
Door
Door Handle

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

No regulatory requirement. I suspect not all
manufacturers carry out this test. Whether
manufacturers demand components pass this
test as a condition of supply is not known.

Methodology developed by:

Manufacturer/ standard body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
If it is not used, so far as you know,
please say so, and state why it is not
used

BSH
It is not know how many manufacturers use this
and why if they do not.
Assessment of door seal, hinge, door handle and
door shelves can be carried out in one test. No
data is available on failures. My opinion is that
there are no failures as the test is not onerous..

Why is this method used?



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

EN 62552 : 2013 Household refrigerating
appliances - Characteristics and test methods

Clause or other reference:

Clause 12

Description or title:

Testing durability of doors, lids and drawers

Brief description of the test:

Door shelves are loaded in accordance with
Clause 11.2.1. Doors are opened to a particular
angle.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Fridge doors 100,000 times.
Freezer doors 30,000 times.
Product/s or components covered:

Door shelves
Trays/shelves
External drawers

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

No regulatory requirement. I suspect not all
manufacturers carry out this test. Whether
manufacturers demand components pass this
test as a condition of supply is not known.

Methodology developed by:

Manufacturer/standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:


Who uses the methodology? Please give BSH
names of companies/organisations or
It is not know how many manufacturers use this
policies etc known to use it currently.
and why if they do not.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

EN 62552 : 2013 Household refrigerating
appliances - Characteristics and test methods

Clause or other reference:

Clause 16

Description or title:

Temperature rise test.

Brief description of the test:

3 or 4 star freezer compartment is cooled to
colder than -18°C and switched off. The time for
the warmest thermocouple to go from -18 to -9°C
is recorded.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

No minimum standard set. A typical top-bottom
fridge-freezer may take 18-24 hours. An
American side-by-side may take 4-6 hours.
Product/s or components covered:

Insulation

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

No regulatory requirement. I suspect not all
manufacturers carry out this test. Whether
manufacturers demand components pass this
test as a condition of supply is not known.

Methodology developed by:

Manufacturer/Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
If it is not used, so far as you know,
please say so, and state why it is not
used

BSH
It is not know how many manufacturers use this
and why if they do not.
This test is a performance test, not an indicator of
durability. Poorer products with higher energy
consumption might be prohibited.

Why is this method used?






To assess a component or operation
To ensure quality of components
selected by manufacturer
To select appliances by retailer
Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

POSSIBILY
POSSIBILY
No
No
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Appendix 4: Completed Test Method
Proformas - Ovens

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

38

The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

23.1

Description or title:

Internal wiring

Brief description of the test:

Wireways shall be smooth and free from sharp
edges.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Wires shall be protected so that they do not come
into contact with burrs, cooling fins or similar edges
which may cause damage to their insulation.
Holes in metal through which insulated wires pass
shall have smooth well-rounded surfaces or be
provided with bushings.
Wiring shall be effectively prevented from coming
into contact with moving parts.
See standard for full details

Product/s or components covered:

Internal wiring

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please
give names of companies/organisations
or policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

23.9

Description or title:

Internal wiring connections

Brief description of the test:

Stranded conductors shall not be consolidated by
soldering where they are subjected to contact
pressure, unless the contact pressure is provided
by spring terminals.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Internal wiring connections

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes
of LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

24.1.1

Description or title:

Components - Capacitors

Brief description of the test:

The relevant standard for capacitors likely to be
permanently subjected to the supply voltage and
used for radio interference suppression or for
voltage dividing is IEC 60384-14.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Capacitors for connection across the mains

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes
of LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

24.1.3

Description or title:

Component - Switches

Brief description of the test:

The relevant standard for switches is IEC 61058-1.
The number of cycles of operation declared for
7.1.4 of IEC 61058-1 shall be at least 10,000



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Switches

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please
give names of companies/organisations
or policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC 60335-1:2010+A1:2013/EN 60335-1:2012
Household and similar electrical appliances —
Safety
Part 1: General requirements

Clause or other reference:

24.1.4

Description or title:

Component - Controls

Brief description of the test:

The relevant standard for automatic controls is IEC
60730-1 together with the relevant part 2.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

The number of cycles of operation declared for
6.10 and 6.11 of IEC 60730-1 shall not be less
than the following:
– thermostats 10 000
– temperature limiters 1 000
– self-resetting thermal cut-outs 300
– voltage-maintained non-self-resetting thermal
cut-outs 1 000
– other non-self-resetting thermal cut-outs 30
– timers 3 000
– energy regulators 10 000
See standard for full details

Product/s or components covered:

Controls

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

15.2

Description or title:

Moisture resistance

Brief description of the test:

Simulation of spillage of liquid onto the apparatus



See standard for full details

Include threshold for ‘pass’ i.e. 10,000
cycles etc

Product/s or components covered:

Ovens

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please
give names of companies/organisations
or policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
To ensure that the electrical insulation of the
apparatus is not compromised by accidental liquid
 To assess a component or operation
spillage.
 To ensure quality of components
selected by manufacturer
 To select appliances by retailer
Regulations require it
 Regulations require it (state)
Multiple and other reasons can be given
Failure to comply with the test requirements is
likely to result in failure of the appliance following a
liquid spill.

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

20.101

Description or title:

Stability

Brief description of the test:

Cooking ranges and ovens shall have adequate
stability when the open door is subjected to a load.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Ovens

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Oven will not become unstable (topple over) when
loaded as per the standard
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

21.101

Description or title:

Mechanical strength

Brief description of the test:

Oven shelves that their supports shall have
adequate mechanical strength.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Ovens fitted with shelves

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Oven shelves will not collapse under expected load
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

21.102

Description or title:

Mechanical strength

Brief description of the test:

Hob surfaces of ceramic glass or similar material
shall withstand the stresses likely to occur in
normal use.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Ovens fitted with ceramic hobs

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

21.104

Description or title:

Mechanical strength

Brief description of the test:

Glass panels of horizontally hinged oven doors
shall withstand the thermal shock liable to occur in
normal use.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Ovens fitted with glass panel horizontally hinged
doors

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

48

The Durability of Products: Appendices

Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

22.108

Description or title:

Construction

Brief description of the test:

Pyrolytic self-cleaning ovens shall be
constructed so that opening and closing of the door
does not impair the interlock system or damage the
door seal.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

5,000 operations
See standard for full details
Product/s or components covered:

Interlock system

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Test houses



Who uses the methodology? Please
give names of companies/organisations
or policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household
and similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

24.1.3

Description or title:

Components - switches

Brief description of the test:

Switches controlling hob elements are subjected
to 30,000 cycles of operation



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details
Product/s or components covered:

Hob switches

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes
of LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

24.1.3

Description or title:

Components - switches

Brief description of the test:

Switches controlling hob elements are subjected
to 30,000 cycles of operation



Include threshold for ‘pass’ i.e. 10,000
cycles etc

See standard for full details

Product/s or components covered:

Hob switches

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Ovens

Table 1: Test methods

Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

24.1.4

Description or title:

Components - controls

Brief description of the test:

24.1.4 (Addition)



– energy regulators

Include threshold for ‘pass’ i.e. 10,000
cycles etc

for automatic action 100 000
for manual action 10 000
– self-resetting thermal cut-outs
for heating elements of glass-ceramic
hobs 100 000
for heating elements of other hobs 10 000
– thermostats controlling the cleaning process
in pyrolytic self-cleaning ovens 3 000
See standard for full details

Product/s or components covered:

controls

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
Product Durability Project Task 2

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Table 1: Test methods

52

The Durability of Products: Appendices

Domestic Ovens
Standard name, number and edition:

IEC/EN 60335-2-6:2003+A13:2013 Household and
similar electrical appliances — Safety
Part 2-6: Particular requirements for stationary
cooking ranges, hobs, ovens and similar
appliances

Clause or other reference:

25.14

Description or title:

Flexing of probe cord

Brief description of the test:

25.14 Addition:



For temperature-sensing probes, the total
number of flexings is 5 000. Probes with circularsection

Include threshold for ‘pass’ i.e. 10,000
cycles etc

cords are turned through 90° after 2 500 flexings

See standard for full details
Product/s or components covered:

Probe cord

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Regulations: EN 60335-1 / EN60335-2-6 are the
relevant Harmonised Standards for the purposes of
LVD compliance for ovens within Europe

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Test houses



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
Regulations require it



To assess a component or operation
To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

6.2

Description or title:

Conventional Cooking Tops ‐ Test Method for
Determining Thermal Endurance
Characteristics of Cooktop Heating Units

Brief description of the test:


Include threshold for ‘pass’ i.e. 10,000
cycles etc

Heating for 60 minutes at maximum input followed
by cooling period (20 mins for sheathed type, 30
mins for glass/ceramic units).
Repeat this cycle until 3500 hours of "on" time. Use
105% rated voltage. 25°C +/- 5°C ambient.
The watts input at test voltage shall not change
more than +/- 5% during the 3500 hour test.

Product/s or components covered:

Cooker top heating units (hob heating zones)

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

8.7.2

Description or title:

Test Method for Determining the Thermal
Endurance Characteristics of Conventional Electric
Ovens

Brief description of the test:

Oven operated continuously for 30 days or until
there is a failure, whichever comes first, at an
average internal temperature 260 ± 11°C, with the
controls set at the normal bake position. The doors
are to be kept closed throughout the test.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Average internal temperatures are measured
weekly to ensure testing is consistent.
Oven lining is not to show observable deterioration
to sight and touch.
Thermal insulation material ‐ there is not to be any
observable deterioration. (Discoloration is not to be
considered as deterioration, but is due to a loss of
binder that does not affect its function.)
Product/s or components covered:

Oven lining and insulation material

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Product Durability Project Task 2
Domestic Refrigerators

Ref: Ricardo-AEA/R/ED59246/Issue Number 1

Table 1: Test methods
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Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

8.7.3

Description or title:

Test Method for Evaluating Oven Heating Unit
Endurance

Brief description of the test:

Oven is heated for 60 minutes, then allow to cool
for 20 minutes with the current off. This test is to be
performed at 105% of rated voltage.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Test cycle repeated until 3000 hours of "on" time
are recorded.
Watts input of the unit(s) at the test voltage is
measured and recorded
The watts input at the test voltage shall not change
more than ± 5% during the 3000 hour test period
Product/s or components covered:

Oven heating element

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

8.7.4

Description or title:

Test Method for Evaluating Broil Unit Endurance
(grill element)

Brief description of the test:

Broiler unit (grill) is powered for 60 minutes, then
allow to cool for 20 minutes with the current off.
This test is to be performed at 105% of rated
voltage. Test cycle repeated until 1000 hours of
"on" time are recorded.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Watts input of the unit at the test voltage measured
and recorded.
The watts input at the test voltage shall not change
more than ± 5% during the 1000 hour test period.
Product/s or components covered:

Broil unit

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

8.7.5

Description or title:

Test Method for Evaluating the Performance and
Endurance Characteristics of the Rotisserie

Brief description of the test:

Operate the rotisserie with a uniform load of 15 lbs.
(7.0 kg) applied with an unbalance of 5 inch‐lbs.
(0.55 Nm) and with its centre of gravity midway
between the front and rear supports of the spit.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Position the oven door in accordance with the
manufacturer's instructions and operate the
rotisserie for not less than 500 hours. Every 200
hours, advance the spit one drive position in the
coupling.
Measure the time to failure if less than 500 hours
and the backlash, if any, of the spit in the drive
position.
Rotisserie shall operate without failure or stoppage
for the full 500 hour test and the backlash at the
end of the test cycle shall 8.7.be not more than 15°.

Product/s or components covered:

Rotisserie

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

8.7.6

Description or title:

Test Method for Evaluating Moisture Integrity of the
Oven Liner

Brief description of the test:

Place a shallow rectangular pan containing 1 qt.
(0.94 L) of water at approximately 75°F (24°C) on
the bottom rack position of the oven. The oven
cavity is to be at normal non-operating temperature
and the oven door closed. Set the oven thermostat
to yield a steady internal temperature of 400 ± 10°F
(204 ± 6°C) and set all controls for normal baking
conditions. Operate the oven under the control of
the thermostat for 45 minutes, and then allow
cooling for 1 hour with door remaining closed.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

After the 1 hour cool‐down the interior is to be
checked for visible moisture in the insulation. There
is to be no visible accumulation of moisture in the
insulation.
(If the insulation is a glass fibre type or other non‐
hygroscopic material, this test is not deemed
necessary.)
Product/s or components covered:

Oven liner

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Product Durability Project Task 2
Domestic Refrigerators
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Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

9.1.1

Description or title:

Test Procedure for Determining Rigidity of the
Cooking Top

Brief description of the test:

Apply a vertical force of 50 lbs (222 N) without
impact to a circular area of 1 inch2 (645 mm2) at
several locations on the cooking top.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Measure deformation of the cooktop after removal
of the test force.
There shall be no permanent distortion that impairs
the proper functioning of the cooktop.
Product/s or components covered:

Cooker top

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

9.1.2

Description or title:

Test Procedure for Determining the Temperature
Stability of the Cooktop

Brief description of the test:

A. Cold Test - Place the iron or steel plate
(Appendix F) and metal ring (Appendix D) centrally
on the surface unit under test. Test one surface
unit at a time. With the spirit level placed at 12
o'clock and 3 o'clock positions, measure the
inclination (space between the raised end of the
spirit level and the top edge of the ring).



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Measure and record the distance the spirit level
must be raised to be horizontal.
B. Hot Test - Place the plate only on the surface
unit. Heat the unit so that the iron or steel plate is
approximately at 400°F(204°C)
After 1 hour at test temperature, place metal ring
on iron or steel plate, measure and record the
distance the spirit level must be raised to be
horizontal.
During either the cold test or the hot test, the
maximum inclination shall not exceed 1/16 inch
(1.6 mm).
Product/s or components covered:

Cooker top

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given
Product Durability Project Task 2
Domestic Refrigerators
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Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

9.2.1

Description or title:

Test Procedure for Determining Rigidity of
Glass/Ceramic Cooking Tops

Brief description of the test:

Apply a vertical force of 50 lbs. (222 N) without
impact to the circular area of 1 inch2 (645 mm2) at
several locations on the cooking top.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Measure deflection of the glass/ceramic cooktop
after the removal of the test force.
There shall be no permanent distortion that impairs
the proper functioning of the glass/ceramic
cooktop.
Product/s or components covered:

Glass / ceramic cooker top

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

9.3.1

Description or title:

Test Procedure for Determining Sturdiness of Oven
Doors

Brief description of the test:

Operate the oven door 25,000 times from a closed
position to full open position at a rate approximately
15 times per minute.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Observe the fit of the doors as well as hinge and
latch operation.
Drop doors, after being tested, when fully opened,
will remain in that position; swing doors, when fully
closed, will remain closed.
Product/s or components covered:

Oven doors

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

9.3.2

Description or title:

Test Procedure for Determining Stiffness of Drop
Doors

Brief description of the test:

Subject the drop door to a load of 25 lbs (11 kg)
applied without impact to a 5 inch 2 (32.3 cm2) area
for 5 minutes at right angles to the plane of the
opened door at either of the outside corners, with
the other outside corner rigidly blocked.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Observe the fit of the door and the door
mechanism after removing the load.
There shall be no permanent distortion that could
impair proper door fit or cause failure of the door
mechanism.
Product/s or components covered:

Oven doors - drop down

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Product Durability Project Task 2
Domestic Refrigerators
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Standard name, number and edition:

Household Electric Ranges
AHAM ER-1-2012

Clause or other reference:

9.4.1

Description or title:

Test Procedure for Determining Sturdiness and
Rigidity of Oven Racks

Brief description of the test:

Place the appropriate load (listed according to
width of rack) evenly distributed over any 2/3 of the
rack area. The racks are to be loaded both in the
"in place" and "fully extended" positions.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

With the racks loaded "in place" operate the oven
through five heating and cooling cycles (from 400°F
(204°C) to room temperature).
Place the rack, inverted, on a plane surface (± 1/64
per 24 inches) (± 0.40 per 610 mm). Measure the
distance from the plane surface to the portion of
the rack farthest from the plane surface.
No portion of the rack shall be distorted more than
the amount indicated in the standard. Edge lips or
rims are to be allowed to hang over the edge of the
plane surface.
Product/s or components covered:

Oven racks (shelves)

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Manufacturers

Methodology developed by:

Standards body

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
This standard establishes a uniform, repeatable
Why is this method used?
procedure or standard method for evaluating the
 To assess a component or operation
performance of household electric ranges.
 To ensure quality of components
The standard methods provide a means to
selected by manufacturer
compare and evaluate different brands and models
 To select appliances by retailer
of household electric ranges regarding
 Regulations require it (state)
characteristics significant to product use.
Multiple and other reasons can be given

Ref: Ricardo-AEA/R/ED59246/Issue Number 1
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Appendix 5: Completed Test Method
Proformas - Non - specified
appliance
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

BS 6222-2:1997

Clause or other reference:

Annex C
C.1 Static load test
C.2 Slam open/shut test
C.3 Wear and fatigue test
Domestic kitchen equipment - Part 2: specification
for structural performance requirements and
methods of testing for fitted kitchen units

Description or title:

Brief description of the test:


Include threshold for ‘pass’ i.e. 10,000
cycles etc

Minimum specification:
Static load of 30kg - applied 10cm from handle
edge of door - 10 cycles;
Slam open/shut force 15 N applied to handle or
middle of outer edge of door - 20,000 closes;
Wear and fatigue - 40,000 cycles
Higher specification:
Static load of 37.5kg - applied 10cm from handle
edge of door - 10 cycles;
Slam open/shut force 20 N applied to handle or
middle of outer edge of door - 20,000 closes;
Wear and fatigue - 80,000 cycles

Product/s or components covered:

Notes: It is recommended that the tests are carried
out at a maximum rate of 6 cycles/min.
For practical purposes, a force of 10 N may be
taken as equal to the downward force due to a
mass of 1 kg.
Pivoted doors (kitchen units/furniture)

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Referenced in WRAP "Durable Fridge-freezers
Specification ad guidance for improving durability"

Methodology developed by:

Standard body - BSI

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)
Methodology users:

Not known



Who uses the methodology? Please
give names of companies/organisations
or policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
To ensure quality and assess operation of
components
 To assess a component or operation
 To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Product Durability Project Task 2
Domestic Refrigerators

Table 1: Test methods

Standard name, number and edition:

BS 6222-2:1997

Clause or other reference:

Annex G Determination of the strength of handles

Description or title:

Domestic kitchen equipment - Part 2:
specification for structural performance
requirements and methods of testing for fitted
kitchen units

Brief description of the test:

Suitably shaped claw able to apply a load of 100
N in the direction of use.



Include threshold for ‘pass’ i.e. 10,000
cycles etc

Apply load 10 times, 6 cycles per minute
When testing strip handles, apply the load at one
end.

Product/s or components covered:

Handles strength (kitchen units/furniture)

How it is used – regulations, policy, by
retailers buying stock, manufacturers etc.

Referenced in WRAP "Durable Fridge-freezers
Specification ad guidance for improving durability"

Methodology developed by:

Standards body - BSI

(Standards body, industry association, test
laboratory, manufacturer, retailer etc.)

Methodology users:

Not known



Who uses the methodology? Please give
names of companies/organisations or
policies etc known to use it currently.
 If it is not used, so far as you know,
please say so, and state why it is not
used
Why is this method used?
To ensure quality and assess operation of
components
 To assess a component or operation
 To ensure quality of components
selected by manufacturer
 To select appliances by retailer
 Regulations require it (state)
Multiple and other reasons can be given
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Appendix 6: UK Whitegoods failure
diagnosis
The UK Whitegoods website has advice for consumers with some of the problems
highlighted by Which? and helps identify the possible causes.
Refrigerators
Ice in fridge or freezer compartments
Build-up of ice inside a freezer, the fridge section of a fridge freezer or fridge with an icebox
is formed by condensation of warm air from outside the appliance which is then frozen. This
can be caused by normal opening and closing actions of the appliance allowing warm air into
the appliance. However, it can also be caused by a faulty door seal. If the door seal is
damaged, distorted, or otherwise not aligned and a gap has opened up, then warm air can
continue to enter the appliance. Seals can wear and become damaged as the appliance
ages. Seals can also cause a problem if the door opening orientation is changed and the
alignment is incorrect, so that air enters the appliance. On integrated appliances the outer
furniture door may not align properly and stop the appliance closing properly. Damage to or
misalignment of the door seal is the most common cause of ice build-up and overfreezing.2
Door seals can be replaced if they are damaged, but they should be replaced with an
identically-sized one. If the door seal has become misshapen it can sometimes be returned
to the original shape if heated with a hair dryer
Introduction of large quantities of fresh fruit and vegetables can sometimes cause additional
condensation from the water in the products.
Solid ice in chest freezers and sometimes US style fridge freezers is water that has leaked
and frozen inside the compartment. The US style fridge freezers are often plumbed into
mains water and the pipework or connections may leak.
Ice can also build up in frost-free appliances, usually due to ice on the evaporator not being
defrosted and building up so that it blocks the air passage for the warmed air to remove the
ice from inside the appliance. UK Whitegoods suggests that faulty thermistors may lie at the
root of this problem in frost-free appliances. Defrost heaters and their controls can also fail,
perhaps due to poor design or connectors, and no protection from humidity and vibration3.
Broken drawers, shelves, hinges and handles
Broken drawers, shelves, hinges and handles may result from accidents and consumer
misuse. However, poor selection of the materials chosen for the storage compartments and
hinges and handles can lead them to be damaged through normal use if they are not robust
enough or the supports inside the appliance are not strong enough to support the loaded
weight.
Some upright appliances have reversible doors and changing the orientation can lead to ice
problems if the door does not align properly and warm air can pass through the seal.
Consumers may wish to change the orientation of the door when they move house or
reorganise their kitchens and appliances.

2

http://www.ukwhitegoods.co.uk/help/fix-it-yourself/refrigeration-self-help/2787-iced-up-fridges-a-freezers.html accessed 11 June 2014
WRAP Guidelines for Extending Product Lifetimes http://www.wrap.org.uk/content/extending-product-lifetimes-summary-fridge-freezers
accessed 11 June 2014
3
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Appliance integrity
Appliances should be able to be moved for cleaning underneath and behind without
distortion and be able to be levelled after moving. They require rollers to assist with moving
and have one or more adjustable feet for levelling. If the rollers are not fit for purpose the box
will be difficult to move. The box may also distort if it is of poor quality, which may lead to
problems with the door seal and thus ice inside the appliance4.
Blocked drain or outlet
Water is sometimes found to be leaking from the inside of the fridge or has pooled at the
bottom of the fridge. The water results from the normal defrost cycles of a ‘self-defrosting’
fridge. It pools or leaks because the defrost channel at the back or bottom of the appliance
has become blocked by small particles of food, dust or mould. Clearing the hole with a
flexible wire usually fixes the problem. The water should leave the inside of the appliance
and evaporate from a tray at the bottom of the appliance. The drain hole may also be too
narrow for the amount of water it is required to drain. The plastic may have an unsuitable
surface which encourages the trapping of particles or the growth of mould which block the
hole.
Incorrect temperatures
Appliances may fail to cool because of the compressor and related components having
problems, the thermostat failing, the electronic controls failing or the thermistor breaking.
Compressors may fail because they are working too hard and they overload and burn out.
The failure of the controls including the thermostat, electronic controls and thermistor is
possible because they were poorly designed in the first place, the connectors are poor, and
there is no protection for electrical surges, humidity or vibration5.
Problems with cooling may occur if there is inadequate space at the back of the unit for the
condenser to operate properly. Some appliances are fitted with spacers to set the correct
distance from the wall; others require the consumer to fit them.
Failure of fans that circulate the cold air can also lead to inadequate cooling.
Very rarely poor cooling is associated with the refrigerant leaking from the appliance. This
may occur early in the life of the appliance if the pipework is of poor quality, or later in life if
the exposed pipes are not supported properly causing a joint to fail, perhaps when the
appliance is moved, and the gas then escapes.
Appliances can also over-cool, and if a poor door seal is not to blame for a build-up of ice,
then the thermostat may be faulty, the insulation may have failed or there may be a blockage
in the gas system.
Lamp failure
Not listed by Which? or UK Whitegoods as an issue, but identified by WRAP’s work on failure
points in cold appliances, the internal light bulb may sometimes fail due to the cycling
between ambient and cool temperatures. Traditionally bulbs were incandescent or halogen
but increasingly manufacturers are installing LED lights and these may fail less frequently
because the temperature changes are less marked.
Although not mentioned often or suggested as a common cause of product rejections, some
sources of information also consider the cabinet strength; whether the outer body of the
appliance can withstand distortion. This may be an issue for shipping. No information has
been found but there may be a proportion of appliances that never make it to consumer
homes, or require immediate replacement due to damage during shipping. This type of
4

WRAP Guidelines for Extending Product Lifetimes http://www.wrap.org.uk/content/extending-product-lifetimes-summary-fridge-freezers
accessed 11 June 2014
5
WRAP Guidelines for Extending Product Lifetimes http://www.wrap.org.uk/content/extending-product-lifetimes-summary-fridge-freezers
accessed 11 June 2014
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failure does not come up as a durability issue as it is prior to any consumer use, although this
type of durability may become an issue if there is subsequent moving of an appliance due to
moving house.
Ovens
Lights not working properly
Ovens have traditionally had tungsten light bulbs, although halogen bulbs are also found.
They are especially made to withstand the high temperatures inside the oven but they do
often fail and they are usually relatively easy to replace. Halogen bulbs may be more reliable
but no relative comparative information is available to date.
Door not closing properly
UK Whitegoods says that the rollers on the hinge runners are the most likely part to fail,
which causes the door hinges to run off true and then the hinges fail under an excess strain6.
Occasionally the door may fall off if the hinges and rollers are not replaced. If the door is not
closing properly the food may not cook evenly and the oven may use too much energy. It
may also cause the units either side of the oven or cooker to become too hot and singe or
burn.
Door seals may fail due to age. They tend to degrade but should be easily replaceable.
Dials and controls breaking or not working
Broken controls can mean the oven does not work at all because the changeover switch
which selects the operating mode (commutator) and/or the temperature setting device do not
work. A faulty thermostat or safety thermostat or thermal fuse can cause the temperature
control to cease working.
Element failure
If one or more of the oven elements fails it ceases to work properly. Fan oven elements may
be more prone to failure than standard elements because they are subjected to the stress of
the surfaces being cooled by the fan as well as on/off cycling to maintain the temperature. If
the oven is not a well-insulated model, the cycling may be more frequent than on a wellinsulated oven. If the fan runs slowly the element may not be cooled sufficiently7. Hence
there are several things that can impact and reduce the life of the element.
Thermostat failure
A simple thermostat failure normally results in the oven overheating and food being burnt.
They are replaceable but care is needed to prevent damage of the gas filled phial.
A failure of the main oven thermostat can result in the oven cutting out due to the safety
thermostat detecting the overheating. A failure of the safety thermostat may be difficult to
resolve due to them often being buried in the insulation surrounding the oven cavity.
Units adjacent to oven becoming too hot
This may be due to inadequate door sealing resulting from faulty hinges and runners
resulting in the escape of heat to the surrounding area. Alternatively, inadequate installation
may be the cause with limited air circulation.
Noise
Noise in the oven will be from moving parts such as the fan or the fan motor (main and
cooling fan). A misaligned fan motor on a newly installed appliance can result in the fan
blades catching on the casing. Bearing failures in old motors will result in noise and this wear
could result in the fan element failing if it is being overheated by a slower turning motor.
6

http://www.ukwhitegoods.co.uk/help/fix-it-yourself/ovens-hobs-a-cookers/2821-basic-fault-finding-ovens-and-cookers.html accessed 13 May
2015
7
http://www.ukwhitegoods.co.uk/help/fix-it-yourself/ovens-hobs-a-cookers/2717-why-fan-oven-elements-fail-a-replacement-notes.html accessed
12 June 14.
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Glass door breaking
There is no one cause pinpointed to explain the breaking of the glass in an oven door. Where
causes have been identified they fall into two main categories. One is the door being
overheated generally e.g. due to a failure with the oven itself, the second is hotspots and
temperature differentials e.g. from hot dishes on the glass or in contact from within the oven.
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Appendix 7: Cross referenced
standards
Standard code

Title of standard

IEC 60384-14

Fixed capacitors for use in electronic equipment - Part 14: Sectional
specification - Fixed capacitors for electromagnetic interference
suppression and connection to the supply mains

IEC 61058-1

Switches for appliances - Part 1: General requirements

IEC 60730-1

Automatic electrical controls - Part 1: General requirements

BS EN 60335-225:2002 + A11:2010
Clause 18

Household and similar electrical appliances. Safety. Particular
requirements for microwave ovens, including combination microwave
ovens

EN60335-2-25

Household and similar electrical appliances. Safety. Particular
requirements for microwave ovens, including combination microwave
ovens

EN60335-1

Household and similar electrical appliances. Safety. General
requirements
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Appendix 8: Minutes of Durability
Workshop, Brussels – 26th November
2014
In attendance
Korrina Hegarty – CECED

Marco Signa – Whirlpool

Jochen Harlen - BSH Bosch und Siemens
Hausgeräte GmbH

Hans-Paul Siderius - Netherlands Enterprise
Agency

Bram Soenen – FPS

Emilie Stumpf – CECED

Lore Mariën – OVAM

Claudie Canon - Association française du gaz

Marko Schnarr – Miele

Rosen Kolev – EC SANCO

Ulf Nieten - Miele

Juan Moreno Acedo – EC ENER

Lars Koch – Orgalime

Heike Hebbinghaus – EC SANCO

Sigrid Linher – Orgalime

Richard Hughes – AMDEA

Oliver Wolf – EC JRC IPTS

Angeliki Malizou – ANEC & BEUC

Carsten Wachholz – EEB

Denis Pohl – FPS

Lilian Ojeda – RREUSE

Claire Levavasseur - Ministère de l'écologie, du
développement durable et de l'énergie

Tim Cooper - Nottingham Trent University

Fulvio Ardente – EC JRC IES

Gerrard Fisher – WRAP

Karl Edsjö – Electroux

Marie Pourchot - Ministère de l'écologie, du
développement durable et de l'énergie

Ferenc Pekar – EC DG ENV
Louise Evans – Ricardo-AEA

Camilla Facheris – SSSUP (am)

Simon Gandy – Ricardo-AEA

Matteo Donelli – SSSUP (am)

Apologies
Susan Bell – GE

Laura Ausberg - Ökopol

Alessandro Cascini – Bridgestone Europe

Anna Rylewicz – EC DG ENV

Sylvie Feindt – Digital Europe

Fabio Iraldo - SSSUP

8.1 Introductions
1:

What is the link between this project and the PEF project?

A (FP):

There is a link but these are really different projects. Use the results of this project to feed
into the pilot stage of the PEF project.
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2:

How does this fit with CEN/CENELEC standardisation work?

A: (FP)

Results will be available by March next year, timely to take into account with Task force
discussions.

8.1.1 Presentation P1 – Introduction; Choice of Products – Louise Evans
3:

What is the meaning of potential for refurbishment in this context?

A:
4:

Why were washing machines and dishwashers excluded?

A:

Already being covered by JRC project as part of Ecodesign renewal.

5:

How are developments in this project linked with JRC developments?

A:

Sharing information with JRC as we go along.

6:

And are you also reading their work?

A:

Yes, we are, as it is released.

7:

Surprised that ovens are chosen. Customers expect 5-7 years. Average lifetime is 19 years
– they are replaced with kitchens. Average lifetime exceeds customer expectations. So why?

A:

There is evidence that some are failing early on. Aim is to not extend to all oven durability,
but to raise minimum standards. Proposed lifetime is 5 years – well within replacement cycle
of kitchen.

8:

There will always be early failures. Cannot avoid that, even with average lifetime of 25 years.

A:

Yes, agreed.

9:

And why fridges? Used for 15-16 years in Germany and energy efficiency improved.

A:

Ecodesign average lifetimes we had were 5-7 years.

10:

5-7 years?

A:

Average age, not lifetime.

11:

Lifetime data is least reliable in these studies. Need it for calculations but don’t rely on it.

A:

Yes, OK.

12:

How about choosing a different product group that might be subject to fashion (e.g. TVs) but
still durability is desirable?

A:

We considered 96 products, so had to focus on most relevant. Fashion was considered, as
important.

13:

Did you include maintenance?

A:

Not at this stage, but did later on.

14:

Oven lights – example of grey area between repair and maintenance

A:

Agree.

15:

Mentioned raising the minimum standard. Original drive was resource efficiency – to
increase average lifetime span of appliances. If just trying to screen out the worst
performers, that’s a different brief.

A:

Project was let under circular economy heading – both those considerations are valid.

A: (FP)

Also need to think about the policy instruments involved. Ecolabel versus Ecodesign.
Ecodesign is about removing bottom performers; ecolabel about raising standards. Uptake of
ecolabel varies as voluntary; Ecodesign applies to everything.

16:

Distinction between reliability and durability.

A:

Acknowledged.

17:

Compressors in Lot 31 are air compressors not fridge ones, so different.

A:

No, but when we break it down to components, many of the considerations are transferrable.
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18:

Have you looked into the need to have standards for replacement parts? For notebooks,
batteries are glued in, so consumers have to be warned. Only Microsoft does this; others
don’t advertise this properly.

A:

Target is to improve the durability of the product as it stands.

19:

Pass/fail criteria. Can you say more about potential and suitability?

A:

Potential – are there particular considerations that should be targeted? If there are, that’s a
pass.
Suitability – was there enough data? Are they complex enough?

20:

Ovens do not pass “workhorse” criteria

21:

Did you consider smaller, short-lived appliances?

A:

Microwaves, kettles, etc. were on list. A lot of them don’t have Ecodesign measures.
Microwaves considered under ovens but more of a fashion product. Consumer expectations
much lower.

22:

Expectations might be unduly low.

A:

Yes, maybe.

SRG intervention to close discussion on choice of products.

8.2 Presentation P2 – Definition of Durability – Louise
Evans
23:

This is a yes/no – either a product can last or not. How does this compare with lifetime?

A:

This is for minimum standards. Lifetime will be longer.

24:

For Ecodesign, there are indicative benchmarks - what good products could achieve. To
reduce this to a yes/no question, it might be a bit limiting. Perhaps you should make that
clearer?

A:

OK.

25:

Strongly disagree with that. Not possible for having standards for every component so that
you can say lifetime of whole product.

26:

Can test for light bulbs.

27:

It says “for a given period”. But there could be other periods for the indicative measures.

28:

If we focus on components, definition of durability does not match because that is at product
level.

29:

Represent social enterprises repairing things. We find it hard to work in white goods sector,
because of lack of access to service manuals, fault diagnostic software. Big issue for us.

A:

Don’t make mention of that today, but do make mention of it in our relevant reports.

30:

Support that point – fixed my own goods but cause of repair was accidents. Repair is
important.

A (FP)

Yes, reparability is important. We don’t neglect reparability entirely – starting another project
on it now. But focus here is durability.

First Break for Coffee: 11:15

8.3 Presentation P3 – Task 2 – Louise
31:

Pull down test is not appropriate for this work.

A:

OK.

32:

Tests are designed for performance. Generally not a good approach to take a test for
performance (that you might have to do once) and rejig for durability. Should be developed
from scratch.
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A:

Thank-you – we will take that into our approach.

33:

Safety tests may be higher requirements. (E.g. switch can handle x amps but product only
uses fraction of that).

A:

OK

34:

Did you contact consumer organisations and did they give you information?

A:

Yes, but not sure if we had any information.

35:

Thermostats or their control system? Thermostats are being phased out.

A:

Just thermostats – yes, aware of change.

36:

Would be nice to have sources for list of failures, and failure rates. List looks full. Don’t just
cover warranty period.

A:

A lot of information from discussions with organisations. Failure rates not actually recorded.
Repair during warranty is commercially sensitive and we have struggled for information.

37:

Do you know cause of failures – accidents or failure?

A:
38:

UK DECC study for failure rates. Also, smart devices – network connections. Cheaper
products might not be reliable.

39:

Durability is more than the sum of failure of individual parts.

40:

Need to clearly define what consumer expectations are. Difference between top list and
bottom list of slide “Key components for refrigerators”.

41:

Why did you start with safety standards? And did you consider CEN TS 16524?

A:

We will check that standard. Didn’t start with safety standards, but a pool of existing tests
that we could consider.

42:

There is a Chinese marking of product lifetimes. What do you think? Think it’s a convention.

A:

We are aware of it. When you interrogate, they come through to European standards.
[Disagree – it’s a Chinese one] OK, will take that away.

43:

Interesting development for vehicles – ELV Dir. – for each component, manufacturer must
declare whether to reuse/recycle/recovery it.

A:

Conceptually interesting, but not a feature for this project.

44:

What you have identified is the need for a standard for each key component.

A:

Agree

45:

How will this be taken forward? Many different designs of ovens. How will that be covered?

8.4 Presentation P4 – Task 4 – Camilla Facheris
46:

Energy classes that you have mentioned are not able to be sold since 2013, so not
appropriate as a baseline.

47:

Average performance has nothing to do with how long the product will last.

48:

Where did you get average of 15 years? And what will you use for more durable?

A: (MD) 2005 LCI on prep study.
49:

Assume that EoL technologies will not evolve?

A:

A constant figure used for both options.

50:

Baseline is improving all the time. Rather than using current average, why not take A+++ as
baseline fridge?

A: (MD) OK, we can consider that.
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51:

Components are chosen for their function. Gasket for durability; foam for energy efficiency.

52:

Modelling two averages. How short a lifetime do you need before buying another product is a
better option than extending first lifetime?
What is the minimum durability that is comparable with the average lifespan?

53:

Raw material and production stages are very important.

54:

Selection for now is on performance, but need to focus on durability for choice of LCA
products.
You mention following the LCA of the PEF; how does that compare with the MEErP
Ecodesign method?

A:

Idea is to use the PEF methodology. [Why?] LCA codified by ISO. Not going to combine the
scores.

55:

PEF and MEErP giving similar scores for GWP but for others criteria quite different.

A: (FP)

PEF is more sophisticated yet similar, so happy to see results.

56:

But if we take this forward but not PEF, what will be the use?

57:

Think it would be good to use EcoReport to compare results.

A: (SG) Could do that. Has budget implications. Also need the right component data. Probably need
some new raw material datasets. Invited the attendees to share any such.
58:

Should be about how long will product last. Don’t need more data. Just about how long a
product will last, versus how much more energy efficient next version will be.

59:

Please explain difference between LCA and CBA.

60:

You may be overstretching yourselves. A bit sceptical that you will be able to manage the
comparison of cost and environment and lifetime. Even our own (Miele) engineers could not
say what is necessary to, say, double the lifetime of our products.

61:

This is especially true of raw materials. They may be the same, but it’s what you do with
them. A door hinge with the same weight of steel may be designed differently to perform
differently.

62:

Problem augmented because producers are not vertically integrated, so buy components
from their suppliers.

63:

Could look on economical basis – cheaper motors don’t last as long – and model those
alternatives.
Testing difficult. Accelerated aging for gasket. Electronics – age in oven again?

64:

Think more expensive = more durable is not necessarily true.

65:

Better compressor that gives A+++ performance may fail more quickly. No correlation.

8.5 Presentation P5 – Task 3 – Louise Evans
Thermostats
66:

Don’t tend to design for the designer in standards. Not the job of a regulation to tell
designers how to design their products. So specifying NTC thermistors would be off limits.

A:

Yes, not a standard but a suggestion.

67:

How you do the 75 000 cycles would be subject of a detailed standard development.

A:

Agreed

68:

You’re using a safety standard as the basis for the standard. What about “de-rating” – using
an “overqualified” component that will handle 20V but only needs to handle 5V?

69:

That’s a good point – should the testing responsibility fall to the component supplier, tested
on the component regardless of its particular final product? This fits well with the question of
vertical integration.
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A:

Yes, OK, very interesting.

70:

Problem is that it is the responsibility of the producer that finally puts the product on the
market.

71:

Yes, the B2B contract must be good, but the supplier should be responsible for testing their
components.

71a: (FP) What about the safety?
71b:

That is the responsibility of the producer that assembles the product – different. If the
durability test is on the component, then the component manufacturer should do the test.

72:

Thermostat is a good example of the problem we have. Is it mechanical switch? Is it
electrical? Might lose gas in thermostat during the test.

73:

This is a test for a safety thermostat, not for a normal thermostat. I hope a safety thermostat
does not have to switch 10 000 times.
This is not a test for a regulating thermostat? Miele has one, but unaware of any public
standards that test for such a regulating thermostat.

A:

Very helpful, thank-you.

74:

Tests must not take so long.

75:

A new thermostat works without cycling.

76:

Also need to check that the tests are recent methods.

Move on to compressors!
77:

Why run test at -40C?

78:

Wear is different from durability.

79:

Proposal is to have a test that will simulate 7 years of use. What would be the method for
this test?

80:

Why have a high temperature test on compressors?

81:

A lot of products now sold with “10 year warranty on compressor” – are you behind the
times?

A:

[From floor] No, because not all manufacturers make that warranty.

82-85:

Computer crashed – lost comments here.

Thermistors
86:

Talking about a thermistor on its own is irrelevant – need to include the switching element,
as well. So test would need to include a load and the thermistor needs to be switch that in
the test environment.

87:

What consideration have you taken on market surveillance? If you suspect a product, it
might be a year before you can complete testing whether it should be taken off the market.

A:

Yes.

88:

There could be a problem with the manufacturer linked to a product guarantee. What is the
responsibility of the manufacturer? The importer? How can such legislation be enforced?

A:

We’re not proposing a 7-yr guarantee.

89:

But if it is an Ecodesign requirement, how will you exclude products that fail? Energy
consumption/efficiency can be tested and products excluded.

A: (FP)

Same approach as vacuum cleaners. Have a precedent.

90:

The length of the testing must not exceed a certain fraction of the expected lifetime of the
products.

A:

Yes, that is partly why we chose these products.

91:

34kg looks big (door related tests).
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92:

WRAP chose that to also test the integrity of the door, if glued together.

Fan motors
93:

Regulation for fans start at 125W. Fans here will be smaller? May be useful.

94:

What does a locked motor test tell you about durability? It’s a safety consideration.

A:

OK, thank-you. How could it be adapted?

95:

I wouldn’t start from there. [Where then?] Don’t know! Fans are intended to go round.

8.6 Presentation P6 – Ovens – Louise
96:

110 uses per year – looks high. NO 130 times. IT 15 times. DE 80 times.

A:

110 from Ecodesign.

97:

DE favourite food is frozen pizza – 1 hour is too long.

A:

[from floor] these are reasonable averages. UK usage was much higher. Weighted average.

A:

[from floor] whether it is 80 or 110 will finally be decided by the standards committee. The
numbers look reasonable.

98:

Need to add gas oven requirements?

99:

“No sag” is not measureable. Even with no sag, 50% may be higher and 50% lower. So
there would need to a tolerance on the test outcome.
What is a damage? What is a deflection?

A:

Thank-you, good point.

100:

Have you asked UL whether you may adopt the intellectual property in their standards?

A:

Fair point, thank-you.

101:

Cooker controls – think this is a hob test. No many oven controls would survive a 10kg drop.

102:

This is the first test to leave durability and go to accident resilience. Damage should be
acceptable as long as it does not leave the product dangerous – but this is a safety
consideration.

Thermostat
103:

Is this a good starting point for an oven thermostat? Depends on operating temperature and
starting point and mode of operation.

Heating elements
104:

What about gas ovens?

105:

Doesn’t correspond to 110 cycles per year.

A:

Yes, fair point. Thank-you.

106:

Vacuum cleaner motor is not a fan motor, though there is a fan.

107:

What are the lessons learned from the whole project? Normal or accelerated testing?
Availability of data? Testing products or testing components? Can you report on this?

108:

Fridges 7-10 yrs. chose 7; Ovens 5-7 yrs.; chose 5. Any reason for aiming low?

A:

Intention to take the laggard products up to a minimum requirement.

109:

Will you consider compressors next?

A:

No. We were tasked with looking at two products.

110:

Missing – what is the added value associated with including durability in Ecodesign?

A:

This is the goal of Task 4.

A: (FP)

This is the first stage – further work would be required if we take it forward.

111:

How will you provide input to the standard writers, if this is taken forward?
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A: (FP)

I don’t have an answer to that. We will continue discussing within Taskforce 4. Once product
specific work will be started, this work will contribute.

112:

What will be the deliverable at the end of the project?

A:

The output will be the project reports to the Commission.

113:

Italian study based on 16 yr. lifetime – durability criteria on 5/7 years. These should be the
same??

114:

Lifetime optimisation tool from WRAP – rather than go from 12 yrs. to 15 yrs., how many
products would you use in 12 yrs. (maybe 3 each at 4 yrs.). Payback loss of resources for
new product versus energy efficiency improvement. Buffer against manufacturers who claim
that 12 yr. lifetime products are undesirable because energy efficiency will improve. Energy
improvement needs to be substantial to overcome resource burden.

Corrections to Slides
Slide 11: project completion Feb 2015 not 2014 (corrected).
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9.7 Belgian Administration - FPS Health, Food Chain Safety
and Environment
Comments submitted by: Bram Soenen
Testing should only take a fraction of the time a product is marketed. If it is no longer placed
on the market or available for sale by the time testing is done, Ecodesign losses its potential
to prevent impacts.
For further investigation benchmark products rather than average products should be
taken. These benchmark products are the most energy efficient products. Current Ecodesign
and Energy labeling is expected to rapidly mainstream these products. New technologies
and design architectures for these benchmarks may be significantly different from the ones
now commonly available. This could affect the appropriateness of any durability criteria.
Some new highly efficient compressor designs for example seem to operate continuously
rather than intermittently http://www.embraco.com/wisemotion/Default.aspx, questioning the
relevancy of a cycling criterion.
The manufacturer is responsible for placing on the market of the final product, including
the components. As pointed out by Hans-Paul, an Implementing measure could transfer part
of this responsibility to the supplier of a component:
Article 11 Requirements for components and sub-assemblies
Implementing measures may require a manufacturer or its authorized representative placing
components and sub-assemblies on the market and/or putting them into service to provide
the manufacturer of a product covered by implementing measures with relevant information
on the material composition and the consumption of energy, materials and/or resources of
the components or sub-assemblies.
It might be more practical if materials or components such as door gaskets, PCB or
hinges could be tested separately. An accelerated aging test should be preferred for practical
reasons (faster).
To have a consistent design, critical components (moving parts, energized parts, parts
in contact with more extreme ambient conditions, parts a consumer interacts with) have to
have more or less the same expected life time. This life time should take into account the
trade off with use phase impacts such as energy efficiency. At some point it might be that a
perfectly functioning product is technically obsolete because new replacement products are
far more efficient in using less energy, water, consumables. Replacement could then be the
economically and environmentally preferred option if life cycle costs and life cycle impacts
are lower compared to keeping the old product.
A minimum warranty period might be a ‘simple’ and flexible way of ensuring a certain
average minimum life time of a product ?
There’s little info on life time on p113 of the pdf annex you can find an estimate of
average life time for refrigerators.
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9.8 AMDEA UK
Comments submitted by: Richard Hughes
In a couple of places you propose to perform a locked rotor test for measuring product
durability. This is a totally unsuitable test as, if the rotor is locked, the motor or fan is
prevented from moving and so the appliance which incorporates this component is not
functioning as intended. To perform a product durability test with one or more components
intentionally placed in a failed state seems very perverse as it does not represent normal use
or even ‘accelerated life’.
I am aware that one of your partners is Intertek and I suggest that the individuals you deal
with, presumably from the performance side, liaise with Ray Jefferies (copied here) who will
be in a good position to advise them on the many safety standards called out in your draft
report. Ray has significant experience in the application of safety standards you propose to
use or modify to evaluate durability and it may be better for your consortium if the information
exchange happened within Intertek.
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9.9 WRAP UK
Comments submitted by: Gerrard Fisher
A quick note to confirm that I would prefer the project identified the minimum life below which
product replacement is deemed the worse environmental option. Then the most appropriate
measures can be identified.
Based on WRAP consumer research in the UK market it could be far more appropriate to set
minimum product guarantee length and allow manufacturers to meet that according to their
own know- how.
At the workshop meeting it was clear that developing component durability standards will be
a lengthy, complicated and expensive process that may not deliver the desired outcomes in
the marketplace.
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9.10 RREUSE
Comments submitted by: Lilian Ojeda

1. Discussions on durability must include obstacles to repair
RREUSE welcomes RICARDO-AEA’s study into the durability of products but feels it is a missed
opportunity not to have addressed product reparability.
Today, difficulties to repair electronic appliances, especially for independent repair operators, are one
of the main obstacles to extending product lifetimes if a fault occurs. These obstacles include a lack of
access and costs of spare parts, unavailable information concerning repair and the design of products
that cannot be disassembled for repair. These issues are not trivial and are resulting in the closure of
independent repair operators as well as resulting in a significant waste of resources, materials and
energy that went into producing a new product.
Moreover, Ricardo-AEA focuses only on analysing the durability of each component where
common failures are known to exist. This may pose difficulties given the huge variety of component
types that exist today. Focussing on repair, however, could provide concrete measures that can be
easily verified and monitored, since some aspects affecting reparability are non-intrusive into the
design of the products, such as the availability of repair and service manuals.

9.10.1 2. Common causes of breakdowns correspond with RREUSE
experiences
In 2013, RREUSE conducted an investigation into some of the main obstacles that its members
encounter when repairing domestic fridges (in addition to domestic washing machines and
dishwashers). A video about this investigation was also issued. Whilst currently unpublished,
RREUSE also has similar data for ovens, provided by its members. The reasons for failures considered
by Ricardo-AEA’s study correspond with RREUSE’s information on the common causes of
breakdown in domestic fridges and ovens which can be found in Annex 1.

9.10.2 3. Common obstacles to repair should be identified and tackled
Whilst these problems have been identified, it is important that the design of the products allows them
to be repaired. As such, some of the most common obstacles that our members (independent re-use
centres and repair operators) find in repairing white goods, including fridges and ovens include:
A. Lack of access to service manuals, software and hardware
A general issue is a lack of access to information of the after sales service providers of the
manufacturers for independent reuse centres and repair shops: technical information of the
components and parts of each individual brand as well as their compatibility to be used across
different brands.
B. Design that hinders repair
There are increasing difficulties in separating individual components from the casing or in accessing
key parts in the interior of appliances without breaking it hinders replacement and repair and therefore
renders many appliances without reuse potential. In the case of fridges these include:
- Impossible to separate a fridge controller keypad when it is built into the door;
- Impossible to access and replace a fridge resistor due to its location;
- Impossible to locate internal leaks in the tubes through which the refrigerant gas flows
(refrigerant/evaporator coil) since these are increasingly integrated into the cabinet of the appliance;
- Problems when repairing the fridge rubber door seals, which are increasingly fused together and the
whole door needs to be removed;
- Use of proprietary screws and fixings which are only available to the after sales service providers of
the manufacturers
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C. Rapid change of product design, lack of access to spare parts and costs of spare parts8
The rapid changes in product design and components are hampering repair efforts often without any
notable changes in functionality. A lack of interoperability of key components across different brands
and even within brands is making repair more difficult. When replacing an electronic board for
example, it must be from the same make and model of the original appliance. In addition, sometimes
only a full set of spare parts can be purchased when only a single part is needed. Some examples for
fridges and ovens include:
- Rapid design changes in electronic boards for both domestic fridges and ovens: expensive to replace
and difficult to find spare parts (short length availability, many different specific models);
- Rubber sealants and thermostats: can be difficult to remove from old appliances.

9.10.3 4. Austrian standard should be used as basis for repair friendly criteria
in implementing measures
RREUSE welcome that Ricardo-AEA’s study has considered the Austrian Standard ONR 192102 on a
“label of excellence for durable, easy to repair electrical and electronic appliances”. A number of
horizontal measures can be identified within this standard which could be used across different
implementing measures to ensure reparability of products coming on EU market. In particular these
include:
- The availability of replacement parts must be guaranteed for a period of at least 10 years following
the last component batch.
- Free access to repair service documentation for all reuse and repair centres, not only for the aftersales service providers together with any relevant fault diagnostic software
- The product should be able to be disassembled non-destructively into individual components and
parts without the need for special proprietary tools to do this. If special tools are required however,
these must be readily and freely available to every repair shop (not just to the after sales service
providers of the manufacturers).

9.10.4 5. Lifecycle Analysis must go beyond use phase impacts
Concerning the study on lifecycle assessments it is crucial that all phases of the product lifecycle are
taken into account. The study should not only focus on the energy consumed during the use phase but
also on the energy and material consumed in the production phase. Recent studies reveal that the
environmental impacts of the production phase of certain products are so high that they cannot be
compensated in realistic time periods by energy efficiency gains in the use phase9.

9.10.5 6. More EU policy tools can impact on durability and ease of product
repair
RREUSE would also support setting up a system to rate the durability and reparability of products
and establish standards to measure these aspects for products placed on the European market.
Examples could be to unify the references and dimensions of spare parts to increase compatibility:
starting relays, heating resistors (no-frost), gas thermostats, NTC, door gaskets, drawers and shelves.
Lastly RREUSE feels that there are other policy areas, beyond those already identified by Ricardo
AEA which could impact on the ease of repair and durability of products. Designing products for ease
of repair, together with any relevant information requirements for re-use operators can be tackled
beyond Ecodesign including the WEEE and Batteries Directives; Information for consumers on

8

The high costs of repairing a product are confirmed by a Eurobarometer survey, which revealed that half of respondents decided not to have a faulty product repaired in the
past 12 months because repair costs were too high, whilst 92% agreed that the lifespan of products available on the market should be indicated.
9

UBA study “Timely replacement of a notebook under consideration of environmental aspects”
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product longevity and warranties could be tackled in the aforementioned Directives but also in the
Consumer Rights and Energy Labelling Directives; Regulations in the automotive sector such as the
EU Regulation of motor vehicles and engines provide a source of inspiration for how obstacles to
repair can be tackled; Making repair cheaper could be adressed through innovative use of the VAT
Directive through reduced VAT on repair activities.

9.10.6 Annex 1

Domestic fridges
- Problems with the thermostat sensor and the electronic circuit board;
- Issues with the compressor, as the valves are often not strong enough or the compressor can become
burnt due to a lack of internal thermal protection;
- Leaks in refrigerant fluid;
- Blown out resistors (10k);
- Breaks/cracks in the rubber seals of the doors.

Domestic ovens
- Broken glass, bad aesthetic condition (dirty, rust);
- electronic board fault;
- Poor or no heater (broken heater, thermal safety triggered);
- Other breakdowns of electronic components often include the fan and lock.
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9.11 CECED
Comments submitted by: Korrina Hegarty

9.11.1 Durability: a key asset of the household appliance industry
The household appliance industry has historically provided consumers with the
opportunity to purchase a wide range of products. Consumers can make choices that
respond to their different, individual needs. These needs include convenience,
performances, energy efficiency, design, robustness, after--‐ sales service, and
affordability. CECED is in favour of keeping the possibility for consumer choices as wide
as possible. Legislation should not hinder innovation and competition, therefore widening
consumer choice.
Durability is a key asset for manufacturers in promoting the reliability of their brands and
matching consumer expectations on the one hand, and limiting the environmental impact
of products on the other. Durability is a critical aspect of material efficiency. A large
proportion of the material make up of EEE products can be recycled thus further reducing
the net raw material consumption. The WEEE Directive sets clear minimum collection
and recycling targets in order to stimulate material recycling. Standards which define
boundary conditions for collection, transport and treatment have been and are being
developed by the European standardisation bodies.
Durability is a variable driven by market forces and consumer use. Many consumers
change their appliances even if they are still working. This is their choice and is driven by
their own personal needs. It is usually motivated by rational reasons, practical reasons
and adaptation to changing lifestyles and changes in homes. These appliances are not
always discarded, but mostly have a second life as they are passed on or sold as
“second hand” appliances. The economical aspect should be considered as, over time,
the energy consumption of new appliances has reduced significantly year by year.
If durability requirements are developed they must be:
• in balance with other (ecodesign) requirements so to not create unwanted trade--‐ offs
or contradictions
• measurable on the product
• designed so that they can be efficiently handled by market surveillance, i. e. be tested
in a cost efficient manner and within a short enough time span to catch non--‐ compliant
products before they disappear from the market
• supported by recognised standards developed by appropriate standardisation bodies.
These requirements and standards must apply equally to equipment produced both
inside and outside the EU.

9.11.2 II. Definition of durability
Suggestions on durability requirements for products should consider a component--‐
by--‐ component basis depending of each product group category. The definition of
durability developed for the purposes of the study (Task 1 Report – Selection of
products) should include reference to durability for components in products.
Furthermore, when defining durability, consideration of maintenance is necessary as
maintenance is essential to the durability of the product. Proper use and maintenance
is supporting an extended lifetime. The actual lifetime of a product depends not only
on the design but also on consumer usage patterns and product maintenance and
repair. Usage patterns differ significantly among consumers, sometimes not following
manufacturers’ instructions and advice, all which can affect the actual technical
lifetime.
The assumptions of patterns of use (Task 3 report – Developing methodology for
measuring durability) should reflect quantitatively and qualitatively the EU reality and
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the average behaviour of consumers. For example, it was assumed that 110 uses
per year is an average across Europe to provide a benchmark for the development
of the durability test method. In fact, ovens are used in average 130 times a year in
Norway and 15 times a year in Italy. Therefore the assumption of 110 times a year
might not be fully representative of the EU average usage pattern.

9.11.3 III. Standardisation via the EU standardisation bodies : a
prerequisite for developing testing methods
The household appliance industry feels that it is important that the European
Commission has addressed potential product material efficiency requirements to EU
standardisation bodies. CECED believes that the development of recognised standards
is the optimum way to set a sound and robust basis for the measurement and
verification. The feasibility of having material efficiency standards must be assessed
on a product--‐ by--‐ product, and eventually component--‐ by--‐ component basis. Solid
evidence for feasibility, proper measurability and environmental benefit should be
taken into account when developing standards. With the enhancements recently built
into the MEErP on material efficiency aspects, it is clear that no future parameter on
reuse, recycle, recovery or durability can be addressed in ecodesign without
considering a standardisation strategy. Standards must be built on a solid foundation
to ensure they reflect the technical reality.
The best route for this investigation is through the technical committees with
particular product expertise in the European Standardisation Bodies. CECED and its
members are committed to actively participate in this work, within CEN/CENELEC
Ecodesign Coordination Group TF4.

9.11.4 IV. Proposed durability tests based on existing safety and
performance standards
There exist today only a few standards originally designed for durability purposes.
While CECED has delivered input on the availability of related standards for
components of refrigerators and ovens, CECED has also explicitly mentioned that
those standards are not appropriate for testing durability of those components. The
existing safety & endurance/performance standards cannot be directly translated into
durability standards. Durability is not an objective of such standards. The standards
identified by the consultants as related to durability are publicly existing standards
used by companies to test the safety of their appliances under endurance tests and
extreme conditions to ensure consumers safety during functioning of the appliance,
but also in case of incident. In addition, safety standards are stress tests to ensure
that if an incident happened people do not get hurt. This is especially true for safety
standards to measure components for failure. Methods for testing failed CECED --‐
EUROPEAN COMMITTEE OF DOMESTIC EQUIPMENT MANUFACTURERS Page 3
components have no relation to component durability. Nevertheless these safety and
performance standards might be a good starting point for standardisation
organisations’ investigations in starting up standardisation work for testing durability of
appliances and/or components.
Therefore each of the listed standards in the Task 3 report (Developing methodology
for measuring durability) must be checked, e.g. for the details of the testing
conditions, such as voltage/current/ambient temperature/humidity, to make sure it is
applicable for an alternative purpose. Furthermore the pass/fail criteria would need to
be completely redefined. A one--‐ by--‐ one analysis has to be undertaken with the
expertise of the skilled technical experts in the standardisation bodies. In addition,
standards from areas outside the EU may have had an intention and a scope that
varies greatly from a seemingly similar EU standard. A careful scrutiny is needed
before any further consideration is given to using test methods of standards that
seem to be related.
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A further consideration is that the practicability of any test method is critical. CECED
is of opinion that having test that takes several months to complete is in reality not
practicable from a market surveillance perspective.

9.11.5 V. Identification of critical components
As presented in the Task 2 report (Review of existing methodologies) and during the
workshop, the selection of components needs to be justified and supported by robust
quantitative and qualitative data, in a clear and transparent way. Such assessments
should be empirically and scientifically based. Nevertheless, there was no written list
of references in the literature to show how this list had been formulated and on
what basis the consultants came to this conclusion. Making public all the data that
have been used to deduce these assumptions in the final report expected in May
2015 could help stakeholders to provide more feedback and knowledge in this field.
In any case it will be important to consider an appropriate and unique test for each
component selected that would be developed through the standardisation process.
Proposals for tests on components and feasibility should first be confirmed with the
manufacturers of these components. CECED was not consulted on the most common
reasons for product failures and did not provide any list of possible failing
components.
Our input focused on the publicly used standards that indicate some components that
are tested. A focus on components that are crucial for the correct functioning of the
appliance is fundamental. i.e. if that component breaks down, the appliance cannot
any longer be used for the main functions of use for which it was intended. There
should be therefore a clear differentiation of a component that is critical to the main
functions versus the auxiliary functions of the product.
CECED would like to highlight the views above to the Ricardo --‐ AEA, Intertek,
Scuola Superiore Sant’Anna di Pisa (SuM), EU policymakers and Member State
representatives in the framework of the discussions regarding the durability of product
and standardisation activities on material efficiency.
CECED represents the household appliance manufacturing industry in Europe. Its
member companies are mainly based in Europe. Direct Members are Arçelik, Ariston
Thermo Group, BSH Bosch und Siemens Hausgeräte GmbH, Candy Group, Daikin
Europe, De’Longhi, AB Electrolux, Gorenje, Indesit Company, LG Electronics Europe,
Liebherr Hausgeräte, Miele & Cie. GmbH & Co., Philips, Samsung, Groupe SEB,
Vestel, Vorwerk and Whirlpool Europe. CECED’s member Associations cover the
following countries: Austria, Baltics, Belgium, Bulgaria, Czech Republic, Denmark,
France, Germany, Greece, Hungary, Italy, Netherlands, Norway, Poland, Portugal,
Romania, Russia, Slovakia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom .

Appendix 10: Task 4 questions for
workshop participants




To your knowledge, what are the most significant changes and innovations that have
been carried out in the last 6-8 years for Refrigerators that are able to positively affect
the durability of this product?
Did these changes and innovations concern specific parts or components of the
Refrigerator? Can you please indicate which parts or components?
Can you briefly describe the main differences in these parts / components with
respect to the previous version (or model) of the product?
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To your knowledge, what are the most significant changes and innovations that have
been carried out in the last 6-8 years for Microwave Ovens that are able to positively
affect the durability of this product?
Did these changes and innovations concern specific parts or components of the
Oven? Can you please indicate which parts or components?
Can you briefly describe the main differences in these parts / components with
respect to the previous version (or model) of the product?

9.12 WRAP UK
Comments submitted by Gerrard Fisher
On refrigerators, I refer to the inclusion of longer-life compressors with extended component
guarantees (several examples exist where the product is guaranteed, say, for five years but
the compressor is guaranteed for ten). I do not know if this is linked to a change in
compressor design (e.g. the move to linear compressors) or simply better construction or
reliability information.
On microwave ovens, I suspect you need to engage a wider audience, including Sharp and
also Chinese manufacturing companies such as Galanz or Weili. I have heard (anecdotally)
that magnetrons for domestic microwaves are now often manufactured with aluminium
windings rather than more expensive copper windings, and that this adversely affects their
durability. However, I have no evidence of either this change taking place nor any impact on
magnetron durability.

9.13 BSHG
Comments submitted by Bruno Vermoesen
The development of household appliances as it is done by BSH is focussed on performance,
efficiency and longevity. As BSH only brings renowned brands on the market, durability is an
entire part of the development process of the appliance as a whole in order to give the end‐
user performance satisfaction over the longest possible period of time. This means that the
concept of durability has always been present in appliance development, be it today or for
many years. Furthermore, statistics show that average appliance life times are already at a
very high level: 19 years for ovens and 15 years for refrigerators. Which other electrical or
electronic has that kind of average life time?
Manufacturers continuously strive to further improve their appliances in order to deliver the
overall quality which can be expected from their brands. Durability is an entire part of this
improvement process.
In the development of appliances durability aspects are an integrated part of the conception
of an appliance and can thus not be reduced to specific parts or components.
This answer is valid for both refrigerators and ovens.
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