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Abstract

Product testing is widely used to assess the characteristics,
e.g. performance, energy consumption of a product. The pro-
cedures for executing the tests, including measurements and
processing of measurement results, can be contained in stand-
ards. Standards should - amongst other - ensure that product
tests are carried out in a uniform, standardized way so that the
results accurately reflect product characteristics and differences
between products in case several products are tested, and are
not due to variations in conditions. Therefore, standards should
produce results that are repeatable, reproducible and valid at a
reasonable cost.

A number of stakeholders have questioned the validity of
several standards: the results that these standards provide are
different from what a consumer may experience in practice.
In the end this can have negative consequences for the trust of
consumers in the policy instruments (energy labels, minimum
efficiency requirements) that use these standards and an energy
savings deficit compared to what was expected by policy-mak-
ers. They call for standards that better reflect ‘real-life’ condi-
tions, meaning those conditions that consumers experience at
home. However, unlike the other criteria that standards should
meet, there is no methodology to assess the correspondence
to real life (validity) of a standard. This paper develops such
a methodology and presents the results for several household
electrical appliances: washing machines, refrigerators and vac-
uum cleaners.
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Introduction

Product testing is widely used to assess the characteristics, e.g.
performance, energy consumption of a product. The results
of this assessment are then used to determine whether the
product meets requirements, the energy label classification is
correct, or to benchmark the product against others. The pro-
cedures for executing the tests, including measurements and
processing of results, can be contained in standards. Standards
should - amongst other things — ensure that tests are carried
out in a uniform, standardized way so that results accurately
reflect product characteristics and demonstrate in a fair way the
differences between products in case several are tested.

Since such tests regularly take place within the context of
European legislation, such as ecodesign and energy labelling,
whereby the results are used to provide presumption of con-
formity and also inform consumers through e.g. product in-
formation and energy labels, this product testing should also
be relevant to consumers.

Investigations by consumer and environmental organisa-
tions (Marketwatch, 2015; ComplianTV, 2015; Sivitos et al,
2015; Spiliotopoulos, 2014, Spiliotopoulos 2016) indicate that
several standards describe test procedures that provide results
which differ from what consumers may experience in practice.
Member States are starting investigations as well (Bundesan-
stalt fiir Materialforschung und -Priifung, 2016). Considering
that the purpose of energy labelling is to influence end user’s
choice with the provision of accurate, relevant and comparable
information on the specific energy consumption of products,
information that is not accurate or relevant can be misleading
to consumers if energy and financial savings materialised are
far from what those expected. Although the notion that tests,
especially those outlined in standards supporting legislation,

ECEEE SUMMER STUDY PROCEEDINGS 1527



7-039-17 SPILIOTOPOULOS ET AL

should reflect typical usage conditions is not new (Toulouse,
2014), there is currently no methodology to assess the corre-
spondence of a test method to real-life. This paper describes
what consumer-relevant testing is and proposes a methodology
for its evaluation within the context of standards that support
ecodesign and energy labelling legislation.

Three examples are drawn from the household appliances
sector, namely washing machines, refrigerators and vacuum
cleaners, to demonstrate how the methodology can be applied.
It is, however, the view of the authors that the methodology
is relevant beyond household electrical appliances, e.g. other
energy-related products. Finally, conclusions and recommen-
dations for future study are provided, with the view to stimulate
systematic discussion on the topic, and contribute to standards
developed and revised being more consumer-relevant.

What is consumer relevant product testing?

INTRODUCTION: GENERAL REQUIREMENTS FOR PRODUCT TESTING
Criteria to evaluate a test procedure/standard are (Siderius,
1991):

* Repeatabililty: the consistency of results, e.g. regarding en-
ergy consumption or performance when the same product
is retested under the same conditions, e.g. in the same labo-
ratory by the same staff;

e Reproducibility: the consistency of results when the same
product is retested under somewhat different conditions,
e.g. in another laboratory, but using the same test procedure;

e Validity: the correspondence of the results from applying
the test procedure to the results obtained in practice (at the
end-users);

e Costs: the costs for carrying out the test procedure.

Consumer relevant testing relates mainly to the third bullet
point: the validity of the standard. However, one could argue
that also the other criteria influence the consumer relevance of
product testing. A test procedure that has a low repeatability
provides inaccurate results which in turn lead to less useful
information for consumers.

An ideal test procedure should provide the same results
when the product is retested in the same or in another labora-
tory (high repeatability and reproducibility), provide the same
results found in practice (high validity) and have low costs.
Clearly, this combination is unlikely to be encountered in prac-
tice: a test procedure that is highly repeatable and reproducible
will require, amongst others, a more detailed testing procedure,
more expensive test equipment, more repetitions for statistical
reasons and therefore a higher price tag. Furthermore, prod-
ucts can be used under different conditions, with different set-
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tings and in different modes; covering every single possible
usage variation at the end-users would require multiple tests,
which may in turn be associated with a higher cost.

Sometimes the term “real life testing” is used to mean meas-
uring the product performance and/or energy consumption in
practice at an end-user’s dwelling. Based on the general require-
ments for product testing in this section, it is clear that testing
according to a standard is not and cannot be “real life testing”
because the requirements of repeatability and reproducibility
will not be sufficiently fulfilled. However, the information on
the use, performance and energy consumption in practice is
necessary for assessing the validity of a standard.

CONSUMER RELEVANT PRODUCT TESTING
Consumer relevant product testing is product testing that pro-
vides results that correspond to results obtained when consum-
ers use the product in practice. The key word in the definition
of consumer relevant product testing is “correspond”. This sec-
tion describes what is needed to assess the correspondence.
Products are operated by users and work under certain con-
ditions (e.g. temperature, humidity), consume energy or water
and other resources (e.g. detergent) to deliver a desired perfor-
mance (cold space, clean laundry or dishes) within a certain
time period. All these parameters influence each other. Condi-
tions may depend on the placing of the product (e.g. kitchen,
cellar, garage, attic) and may vary over the year. Relevant pa-
rameters are those that influence the performance and/or ener-
gy consumption or other inputs. This is illustrated in Figure 1.
The following lists some of these parameters for household
appliances:

e Situational conditions: ambient temperature, humidity, ven-
tilation (air circulation), lighting level.

¢ Input conditions: frequency, voltage and quality of the pow-
er supply, caloric value of gas, temperature and hardness of
water.

¢ Product features: available programmes, capacity.

e User behaviour: settings (installation/set-up, choice of pro-
gramme), frequency of use, loading (amount and type),
choice of detergent (composition and amount).

The general assumption is that, for a product with a given set of
features, if the situational conditions, input conditions and user
behaviour defined in the standard correspond to those com-
monly found in practice by consumer usage then the measured
performance and energy consumption can be said to be ‘con-
sumer relevant.

To demonstrate correspondence, it is important that: (1) the
test procedure includes all parameters relevant for performance
and energy consumption, (2) the variation in these parameter
values reflect the variation of values at the consumers, and (3) the

Situational conditions ﬁ
Inputs (energy, water, etc)ﬁ product features
User behaviour ﬁ

% Performance

Figure 1. Demonstration of relationship and influences of parameters to performance in product testing.
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Step 1: Step 2:
List all parameters and
interactions influencing

% in practice

For relevant parameters assess:
in the standard:

in practice:
— aspects
experienced

performance and energy — variation — presence
colnsumptlon, select — variation Step 4:
relevant parameters Evaluate correspondence
9 to practice
Step 3:

Assessment of performance:

in the standard:

— aspects
measured

Figure 2. Steps of the methodology for assessing the consumer relevance of standards.

measured performance reflects the performance experienced by
the consumer.

The methodology for assessing consumer relevant testing
(validity) is based on these three aspects and is presented in
the next section.

METHODOLOGY FOR ASSESSING THE CONSUMER RELEVANCE OF
STANDARDS

The proposed methodology for checking consumer relevance
of standards consists of the following steps.

1. List the parameters (product features, situational condi-
tions, input conditions and user behaviour) that influence
product performance or energy consumption; analyse the
interactions and then select the (most) relevant parameters.

2. For the chosen parameters, indicate the variation found in
practice and check whether it is considered in the standard
being evaluated.

3. Identify the main performance aspects expected by con-
sumers and how these are experienced by consumers. As-
sess how these expected performance aspects are measured
in the standard.

4. Evaluate the correspondence to practice (consumer relevant
testing) of the standard according to:

— Missing relevant parameters.
— Variation in parameters taken into account.
— Missing performance aspects.

— Correspondence of the measurement of the perfor-
mance with the experienced performance.

These steps are illustrated in Figure 2.

Step 1 involves consideration of available literature, knowl-
edge of the principles of product operation testing and experi-
ence with the product. The number of parameters can be very
large, but the assessment focuses on the relevant parameters.
Therefore, the choice of the most relevant parameters can be
guided by the influence of a parameter on performance or en-
ergy consumption. Caution is needed regarding interaction
between parameters.

In Step 2 and 3 data on the product usage in practice is col-
lected. Existing literature, including preparatory studies for
ecodesign and energy labelling measures, measured data from
actual consumer use, consumer surveys, and expert interviews
can all be sources of data. The variation of product usage in
practice can be due to consumer segmentation (households
with more persons use the dishwasher more often) but also
geographical segmentation (northern Europe households use
clothes driers more often than southern Europe ones). Knowl-
edge of the variation is important because average values cover
the fact that the values for any individual consumer are never
at the average but always below or above.

Analysis of the text of the standard should provide infor-
mation on how the relevant parameters are operationalized,
including consideration of expected variation of consumer
behaviour. It also has to be noted that, in order to ensure that
certain relevant performance levels are met in real life at all
times, a value (far) above the average may need to be used in
the standard, e.g. a washing machine is tested with soils which
cannot completely be removed. Also, testing declared perfor-
mance claims may require a different level than the average.
For example, a washing machine is (also) tested at the declared
maximum capacity and not only at the average load size at con-
sumers.

Step 4 will be a qualitative evaluation, listing the areas that
“cause” a reduction of the validity of the standard. This could be
due to relevant parameters which are not evaluated, less vari-
ation captured by the standard, divergence between the values
considered in the standard and those observed in practice or
differences in assessment of the performance. It has to be noted
that on one hand a less valid standard can still be sufficiently
valid whereas on the other hand failing on one (important) pa-
rameter might render a standard invalid.

The use of three examples and evaluation of the correspond-
ing standards is not the result of an official standardisation pro-
cess or a consensus-building exercise amongst a wide pool of
technical experts. Its purpose is to stimulate discussion on the
methodology and provide the basis for further investigations,
e.g. to identify potential shortcomings and/or the reasons for
not including relevant parameters in a standard. Subsequently
recommendations could be made to improve the consumer rel-
evance of that standard if it is found that the validity is too low
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and/or should be improved. These recommendations need to
take into account impacts on other criteria as mentioned above:
repeatability, reproducibility and costs.

APPLICATION OF THE METHODOLOGY TO STANDARDS RELATED TO
HOUSEHOLD ELECTRICAL APPLIANCES

In this section the specific aspects of applying the methodology
to standards related to the performance of household electrical
appliances are discussed. Household electrical appliances can
be categorized in the following groups:

e Appliances that perform continuously, e.g. cold appliances.

e Appliances that perform per cycle, e.g. washing machines
and dish washers.

e Appliances where continuous consumer interaction is nec-
essary to deliver the performance, e.g. vacuum cleaners.

Each of these categories will put emphasis on a different type
of parameter. Appliances that perform continuously are set-up
once, probably using the default settings, and then are used by
the consumer without much change. Appliances that perform
per cycle will probably offer a (large) number of cycles, includ-
ing settings of individual features, where the choice of the cycle
has a large influence on the energy consumption.

Appliances where the consumer is active during the opera-
tion probably require extra attention how the consumer experi-
ences the performance during operation since this will directly
impact operation (and performance).

Consumer relevance evaluation of example standards

INTRODUCTION TO THE EXAMPLES
This chapter presents the results of assessing the consumer rel-
evance of three example standards:

e Washing machines (EN 60456)

e Household refrigerators (EN 62552:2013 with notes on fu-
ture impact of IEC 62552 under development)

e Vacuum cleaners (EN 60312)

This section offers general observations, discusses specific is-
sues on each example and then comments on the relation be-
tween the standard, the regulation and consumer relevance.
The detailed assessment of each example is in the Annex.

GENERAL OBSERVATIONS REGARDING CORRESPONDENCE
The assessments show that, generally, variation of situational
conditions in practice is not reflected in the standards. On
the contrary, situational conditions and inputs mostly have
a narrowly specified variation to achieve good test reproduc-
ibility. If the variation in practice is to be captured, this has to
be done with multiple tests at various combinations of condi-
tions and inputs, or by using a model approach. It has to be
noted that using the average value of the range observed in
practice does not mean that this is also the most probable
value.

A second general observation is that assessment of perfor-
mance in the standard is done through measurement instru-
ments and not, as in practice, by human observations or senses.

7. APPLIANCES, PRODUCTS, LIGHTING AND ICT

As such, this difference does not necessarily signify a corre-
spondence problem of the standard, but that it is difficult to
assess the correspondence as such. This would need separate,
dedicated research, which in some cases (e.g. artificially soiled
cloths) has been done in the past. The rationale for assessing
performance aspects lies on the need to prevent product design
that ensures low energy consumption, but not the fulfilment of
the product’s intended function.

Related to the above is that important parts of the user be-
haviour, especially regarding the type of load, are implemented
as “artificial” in the standards, e.g. the washing machine stand-
ard prescribes artificially-soiled strips to reflect the soiling of
cloths, while the vacuum cleaner one uses specially prepared
dust. Whereas the artificial soiling for washing machines takes
into account a number of soil types, the artificial dust for the
vacuum cleaner test is less varied than the dust and soils found
in practice on floors. Again, this does not necessarily signify a
correspondence problem, but the difficulty of assessing corre-
spondence. The reason for using artificial materials and meas-
urement instruments is mainly reproducibility, repeatability
and costs.

SPECIFIC OBSERVATIONS REGARDING CORRESPONDENCE ON EXAMPLE
TEST STANDARDS

Refrigerators

The new IEC standard allows for the calculation of the energy
consumption at any ambient temperature between the two
ambient temperatures for which the consumption is meas-
ured. Furthermore, the new IEC standard allows for measur-
ing the energy consumption of door openings and freezing
and cooling capacity. The EN version will choose - as in the
past — to emulate the effect by using a higher ambient tem-
perature: 25 °C as opposed to 20 °C average kitchen tempera-
ture. Calculations (VHK (2015)) show that this difference in
ambient temperature reflects a worse case situation. Although
the correspondence to practice regarding door openings and
the entry of food (that has a higher temperature) is considered
to be sufficiently captured, revisions of the standard need to
ensure that the assumptions are still valid and therefore the
results of the emulation correspond to practice. Furthermore,
the influence of ambient humidity and door openings on the
energy consumption related to an automatic defrost cycle
needs further investigation.

There are several points where correspondence is considered
low, e.g. regarding refrigerator volume and the load content.
In these cases, a higher repeatability was prioritized over cor-
respondence to practice.

Washing machines

The washing machine standard can capture in principle a
large number of washing programmes (type of cloths, tem-
peratures). However, in practice, the performance delivered
is not only determined by the appliance, but also by the deter-
gent used. This combination varies with consumers and over
time, since different consumers may use different detergents
and the composition of commercial detergents varies over
time. It is therefore apparent that similarly the correspond-
ence to practice cannot be determined for the washing ma-
chine standard alone.
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Vacuum cleaners

In practice, there is direct feedback to consumers during vac-
uum cleaning: the experienced drag or force needed to move
the head, visual inspection of dust pick-up. In the standard, this
type of feedback is not implemented.

RELATION BETWEEN STANDARD AND LEGISLATION REGARDING
CORRESPONDENCE
Although this paper concentrates on consumer relevance of
the standards, this discussion cannot be seen outside the estab-
lished legislative context, which uses the test results to provide
information to consumers, and therefore plays important role.
In the three standards assessed in this document, especially for
washing machines, choices made in the regulation have impact
on the correspondence to practice of the energy label. In this re-
gard, two situations are identified and presented with examples.
First, a standard can in principle cover a (large) range of op-
tions (from those observed in practice) but the legislation needs
to choose from these options in order to keep costs reasonable,
or in order to provide confined information to the consumer. Of
course, these choices should reflect practice and indeed are very
important for the correspondence to practice of the informa-
tion. In the washing machine standard example, a large range
of washing programmes to be tested is allowed. However, the
energy label for washing machines has a single efficiency indi-
cator and the regulation needs to consider testing costs. Conse-
quently, from the large number of programmes most washing
machines have, two are chosen for the energy label: 60 °C and
40 °C cotton. Regarding the costs, the standard also influences
the regulation. If the standard is revised in such a way that the
cost per test decreases significantly, the regulation could choose
to use more programmes without increasing the overall cost.
Second, the standard provides a result, but the evaluation of
that result is done in the legislation. An example is how to deal
with certain features, e.g. no-frost or climate class for refrigera-
tors, in the energy labelling regulation. The standard specifies
how a product with such a feature shall be measured, but it
is the regulation that specifies whether the product will get a
certain allowance on its energy consumption for this feature,
how large this allowance will be and how it may be considered
in the determination of the labelling class. If the allowance is
larger than the impact during the test, then the label class may
not reflect the efficiency in practice.

Conclusion and recommendations
This paper presents a methodology to assess the validity (de-
fined as correspondence to practice) of a standard and applies
it to three standards: washing machines, refrigerators and vac-
uum cleaners. Conclusions and recommendations regarding
the methodology and the results of the examples are presented.
The methodology produces insight into the correspondence
to practice of a standard, albeit at a qualitative level. It identi-
fies and qualifies various sources that influence correspondence
to practice. In general, the assessment of performance is the
most difficult to evaluate because the type of assessment differs
between practice and test. In the laboratory, the assessment of
performance is preferably done through measurement instru-
ments to arrive at objective results whereas, in practice, the as-
sessment is in principle done by human observation. Without
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additional research, it is difficult to assess the correspondence
of practice on performance aspects.

It has to be clarified that the assessments conducted here for
three product standards are only examples, and not the product
of official standardisation processes. Nevertheless, the follow-
ing observations can be made:

¢ Generally, variation in situational conditions in practice is
not reflected in the standards.

¢ As described above, the correspondence of performance in
the standard versus real-life performance requirements on
a product can only partially be fulfilled.

¢ In the washing machine standard, the artificial types of soil
used show a variation that is intended to reflect variation of
soil in practice. Furthermore, the detergent co-determines
the correspondence to practice; however detergent compo-
sition is kept constant.

¢ In the refrigerator standard, no qualitative variation is ap-
plied to reflect the different load types and loading patters;
only quantitative. Door openings and food load are emulated
by a higher ambient test temperature. Other parameters (e.g.
storage volume) are considered of low correspondence; in
this case repeatability was prioritized over correspondence.

e In the vacuum cleaner standard, the variation of the dust
particle size is smaller than in practice. Also, no feedback
loop is implemented in the laboratory when measuring
performance, whereas in practice consumers react on the
force they need to use for moving the head or dust that is
not picked up.

¢ Finally, from the assessment is becomes clear that not only
the standards but also the legislation determines the corre-
spondence to practice related to product information.

The following recommendations are proposed:

¢ This methodology assesses consumer relevance qualitative-
ly. Quantitative assessment can be explored.

e A criterion which was not examined here but could be of
future interest, is that of ‘defeatability’ of a standard, in other
words how easy it is for a standard to be circumvented.

¢ A future application of this methodology to other energy-
related products and with different specificities, would vali-
date and enhance confidence in it.

¢ Improvements should be sought for aspects considered of
low correspondence. Also, when it is decided to compensate
low correspondence with other means, either in standards
or regulations, assumptions and emulations should be re-
evaluated during reviews, and see whether a more balanced
prioritisation of criteria (e.g. repeatability over correspond-
ence) is feasible or desirable.

¢ Systematic consideration of the criterion of consumer rel-
evance for standards that used to support Ecodesign legisla-
tion. The methodology proposed in this paper could act as
basis for such evaluations.

¢ Promote consumer-behavior studies to acquire better un-
derstanding of typical product usage at home.
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7. APPLIANCES, PRODUCTS, LIGHTING AND ICT
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