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Abstract Washing machines have in recent years in-
corporated programmes that are very energy- and water-
efficient, but this entails a long programme duration,
often beyond 4 h. These are also the programmes that
the manufactures use to define, test and declare the
overall water and energy efficiency of the machines. In
response to these developments, there is evidence that
consumers are reluctant to use excessively lengthy
programmes, even if they are aware that the
programmes are more energy-efficient.

This paper analyses this divergence of programme
offer and programme use, which jeopardises the energy
efficiency policy objectives for these appliances in the
European Union (EU). The paper explores several pol-
icy measures to address this divergence, discussed in the
context of the revision of the Ecodesign and Energy
Labelling regulations that apply to washing machines
in the EU.

Three different measures are studied: the provision of
information about the programme duration on the ener-
gy label, the inclusion of time as an intrinsic parameter
of the energy efficiency index calculations and the set-
ting of a programme duration cap.

The paper concludes that introducing programme
duration as an additional parameter of the energy effi-
ciency index would result in the highest energy savings.
However, this scenario is associated with significant

uncertainties since competition among the manufac-
turers for a better energy label classification will not
solely focus on energy efficiency aspects, and the out-
come of such competition is unclear. The other two
measures investigated are less effective but would also
deliver savings. A programme duration cap would bring
energy savings if consumers are aware of their existence
and select the now shorter yet energy-efficient
programmes more often. The provision of programme
duration information on the energy label would also be
effective but requires that consumers are able to correct-
ly understand it.

Keywords Washingmachines . Ecodesign . Energy
Labelling

Introduction and context

Energy efficiency first is a central principle of the Energy
Union strategy (EU Parliament 2015). The Energy La-
belling regulation, in synergy with mandatory minimum
efficiency requirements of Ecodesign, is a policy tool that
aims at increasing the energy efficiency of energy-related
products and is an effective way to cut emissions, bring
savings to consumers and reduce the EU’s fossil fuel
import dependency. Since their introduction, the success
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of Energy Labelling and Ecodesign have encouraged the
development of ever more energy-efficient products, de-
scribing product performance to allow consumers to
make informed purchase decisions and driving competi-
tion and innovation towards better-performing products.
Recent consumer surveys (Alborzi et al. 2017a; Schmitz
et al. 2016; Pakula and Stamminger 2015; Kruschwitz
et al. 2014) show that about 85% of European citizens
look at energy efficiency labels when they purchase
products (Europa press 2017).

The introduction of the label has not taken place
without challenges: in the EU, the technology develop-
ment triggered by the Ecodesign and Energy Labelling
regulations has in some cases outpaced the speed of the
update of regulatory development, forcing an extension
of the top label classes beyond A to G and introducing
A+, A++ and A+++. Some studies (Ecofys 2013; Russo
et al. 2018; Europa press 2017) suggest that having the
best-performing appliances in the top A+, A++ and
A+++ categories can be misleading to consumers when
looking across products that remain in the A to G range.
To address these differences, the revised Energy Label
"Framework" Regulation (1369/2017) (Regulation
(EU), 2017) mandates a rescaling of energy classes from
A to G in future Energy Labelling revisions. This affects
the revision of regulations (EU) No 1015/2010
(Ecodesign) (EU 2010a) and regulation (EU) No.
1061/2010 (Energy Labelling) (EU 2010b) of house-
hold washing machines, which has taken place between
2014 and 2019. The revision has been an opportunity to
revisit other Ecodesign or Energy Labelling require-
ments such as programme duration, which interfere with
the goal of achieving energy savings.

This paper focuses specifically on the relationship
between the use of resources (energy, water) and the
duration of the programmes in washing machines. In the
Ecodesign and Energy Labelling regulations that have
been in force since 2011, the programme duration has
not been part of any requirement or specified on the
label. However, evidence suggests that it has the poten-
tial to change the purchase decisions of consumers, it is
crucial to the selection of programmes and it overall
plays a major role in achieving real energy savings.

This work investigates specifically the role of pro-
gramme duration in energy saving and assesses the
environmental and economic impacts of three potential
options to include this information in the policy, includ-
ing modification of the energy efficiency index to in-
clude programme duration as an additional parameter,

provision of programme duration information on the
energy label and determination of a programme duration
cap by means of Ecodesign. The main sources of data
presented in this article are two detailed technical reports
from the Joint Research Centre (JRC 2017a, b). The
reports have underpinned the discussions held by stake-
holders in the context of the revision of regulations EU/
1015/2010 (Ecodesign) and EU/1061/2010 (Energy La-
belling) of household washing machines, led by the
European Commission between 2014 and 2019.

Literature review

A number of consumer magazines in European coun-
tries such as UK’s Which?, Germany’s Stiftung
Warentest, France’sQue choisir, Danish Taenk! or Span-
ish Compra maestra have recently discussed and made
consumers aware of the relation between the programme
duration and energy consumption. They highlight that,
in reality, in recent years, consumers have not been
using the most energy-efficient washing programmes
because they last too long.

Figure 1 shows the specific energy consumption of
the most efficient programmes of average washing ma-
chines in the EU. Consumption has been halved from
0.245 kWh/kg in 1997 to 0.120 kWh/kg in 2013. It
should be noted that the reference for the declaration
of the energy consumption changed in 2011. From 2011
onwards, energy consumption has been measured in a
combination of standard cotton programmes at 40 °C
and 60 °C with half and full loads whereas previously, it
was measured only at 60 °C full load. When comparing
the distribution of the average specific energy consump-
tion per cycle in 1997 with that of 2013, it is evident that
the industry has optimised washing machine models to
comply with the energy consumption requirements of
the most challenging energy efficiency classes.

However, Fig. 1 shows that the energy consumption
per cycle has not experienced such strong decrease and
instead has verymoderately decreased over recent years.
This is due to the observed increase in the rated capacity
in the same reference years from 1997 to 2013. Two
main developments explain this divergence: firstly, an
extension of the programme duration, and secondly, an
increase of the washing capacity. These variables are
also related to each other.

In a decade, the programme duration in small-rated
capacity washing machines has doubled, and it has
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doubled and even tripled for the larger washing ma-
chines (taking up to 6 h for a full load). Manufacturers
have discovered that increasing the programme length is
a more energy-efficient way to achieve washing perfor-
mance than increasing the temperature. This way, ma-
chines obtain a better energy efficiency class. Machines
continue to offer short washing programmes, but they
normally require higher temperatures, use more energy
and in some cases are not recommended for full loads.

The programme duration also depends on the rated
capacity of the washing machines. The rated capacity, as
declared by the manufacturer, is defined as the maxi-
mum mass in kilogrammes of dry textiles (at 0.5 kg
intervals) which can be treated in one washing cycle of a
household washing machine (JRC 2017a). Washing
machines with larger capacity need longer programme
durations, but their specific energy consumption is low-
er, getting better EEI and energy label classifications.

Figure 2 shows the development of washing machine
capacities on the European market. The average capac-
ity of the machines (in kilogrammes of cotton) has
increased from about 4.8 kg in 1997 to 7.04 kg in
2013. This trend seems to have started in 2002 and
continues until today. The reason for this trend is not
clear considering that European household size is de-
creasing. Therefore, it is assumed that there must be
other reasons that incentivise the market to develop
increasingly large washing machines. In more detail,
the distribution of the average rated capacity of 7745
washing machines in the year 2013 shows that around
31% of washing machine models have a capacity of
6.5–7 kg, followed by 24% with a capacity of 7.5–

8 kg and 23% at 5.5–6 kg. In 2013, the 5-kg models
only constitute a share of around 8%. Meanwhile, there
were already some models with 9 kg, 10 kg and 11 kg
capacity on the market.

Moreover, it is important to note that consumer be-
haviour has not changed during these years. A literature
review undertaken in the context of the regulation’s
revision revealed that the average loading of European
consumers has remained roughly constant (approxi-
mately 3.4 kg per cycle) for a decade despite the in-
creasing rated capacity of the appliances (JRC 2017a).

Examining these values, and considering that an
average consumer does not fully load the washing ma-
chine, it seems that the real specific energy consumption
(kilowatt hour per kilogramme of laundry) of an average
cycle is indeed higher than the declared specific energy
consumption (value displayed in the product informa-
tion sheet and documentation accompanying the wash-
ing machines at the point of sale).

Addressing the problems caused by long programme
durations can indirectly tackle the mismatch between
the capacity of the washing machines offered by the
manufacturers and the capacity demanded by the con-
sumers. Some possible ways to do so are examined in
this paper. For example, information about the pro-
gramme duration is not currently shown on the energy
label. This could be preventing consumers who want to
prioritise this aspect of the washing cycle from making
an informed purchase decision. Another example would
be a programme duration cap. Larger washing machines
will need to increase the washing temperature to wash
with programme durations shorter than the programme
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duration cap, getting a worse energy label classification.
This fact can affect the sales and the number of larger
washing machines put on the market.

User behaviour

A better insight into how consumers interpret the energy
label information, both before and after purchase, is
crucial to estimate the potential energy savings of
Ecodesign and Energy Labelling policy more
realistically.

According to one of the latest user surveys on the use
of washing machines (JRC 2017a), this observed trend
for longer cycles is in general not welcomed by
consumers.

The standard 40 °C/60 °C cotton programmes are the
ones tested for the purpose of declaration of energy
efficiency, as prescribed in the current regulations.
These programmes are designed to maximise energy
efficiency. This is essentially done by reducing the
washing temperature to 30–35 °C, loading to the max-
imum and increasing the mechanical action by
prolonging the programme duration. However, all wash-
ing machine manufacturers offer also similar
programmes (normal 40 °C/60 °C cotton programmes)
that wash at higher temperatures (> 40 °C) and are
shorter (for instance, 2 h instead of 4 h).

Consumers are reluctant to use programmes that last
longer than 3 h, which is reflected by the lower use of
the current standard cotton programmes in comparison
to the normal cotton programmes.

According to Waechter et al. (2015), the energy label
draws attention towards energy information in general,

but its effect on the consumer’s actual product choice
seems to be low. Some explanations may be that the
label provides energy efficiency information under the
best possible conditions but fails to describe actual
energy consumption under the conditions that are cus-
tomary to the user’s needs. For instance, a user looking
for a smaller capacity machine for a single-person
household may find that smaller machines (5–7 kg)
present worse labels (e.g. A, A+) than large machines
(A+++ for 10–13 kg). The findings suggest that if the
information related to the actual energy consumption is
not conveyed on the label, the final energy consumption
by users may not decrease, because excellent ratings on
energy efficiency (e.g. A+++) do not automatically im-
ply less consumption in real life.

Several studies demonstrate that consumers do not
make much use of the energy-saving programmes
(Alborzi et al. 2017b; Scheid et al. 2017; Conrady
et al. 2014). Such programmes are the only ones report-
ed on the energy label. This, however, is not fully
known to users who assume that the information pro-
vided on the label is representative of all the
programmes of the machine. Consumers are essentially
not aware of the relationship between longer times and
lower energy consumption.

Given this evidence, if the primary overall goal of
using the label is to save energy, one may suggest that
the label should ideally convey to the user not only
information about the consumption of appliances under
optimal conditions, but also under conditions as close as
possible to real life. This way, the technical development
and optimisation of machines in real-life conditions
would also save energy in reality.
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Methodology

This section presents the methodological aspects of the
estimation of environmental and economic impacts of
the three policy scenarios that have been devised to
introduce the factor ‘programme duration’ as a parame-
ter in the Ecodesign and Energy Labelling requirements.

Firstly, the energy efficiency index (EEI) currently
used to define and benchmark washing machine’s effi-
ciency is explained. Secondly, a description of the pol-
icy measures proposed to tackle the problem of lasting
programme durations is presented, followed by the de-
scription of the model. Finally, the estimated market
evolution for each of the scenarios is presented.

Energy efficiency index

The current energy efficiency index (EEI) allows wash-
ing machines to be classified according to their energy
performance in one of the three currently available
energy efficiency classes (A+, A++ or A+++). This
parameter is based on a combination of cycles which
clean normally soiled cotton laundry. These
programmes are the standard 40 °C cotton programme
and the standard 60 °C cotton programme at full and
half loads and the energy consumption of the low power
modes.

The following formula to calculate the EEI is
established in IEC/EN 60456:2011:

AEC ¼ Et � 220þ Pl � Tl � 220þ Po � 525600− Tt � 220ð Þ− Tl � 220ð Þ½ �f g
60� 1000

where AEC = weighted annual energy consumption
of the household washing machine; Et = weighted ener-
gy consumption for the standard cycles (standard cotton
40 °C and standard cotton 60 °C), in kilowatt hour, and
rounded to three decimal places; Pl = weighted power in
‘left-on mode’ for the standard washing cycles, in W,
and rounded to two decimal places; Po = weighted
power in ‘off mode’ for the standard washing cycles,
in W, and rounded to two decimal places (‘weighted’
makes here the reference to the process carried out when
applying the standards; each programme is run several
times and then their energy consumptions weighted); Tt
= programme time for the standard cleaning cycle, in
minutes, and rounded to the nearest minute; Tl = mea-
sured time in ‘left-on mode’ for the standard cleaning
cycle, in minutes, and rounded to the nearest minute;
and 220 = total number of washing cycles per year.

The index is obtained by dividing this annual energy
consumption by the standard annual energy consump-
tion which depends on the rated capacity of the ma-
chines. The formula reads as follows:

EEI ¼ AEC

SAEC
� 100

where SAEC = standard annual energy consumption
of the household washing machine being given by the
following formula

SAEC = 47.0 c + 51.7

where c = rated capacity in kilogrammes cotton at
standard cotton 40 °C or standard cotton 60 °C
programme.

As observed, the EEI of a washing machine increases
when the energy consumption of the cycle and the
energy consumption of the associated low power modes
increase and decreases when the rated capacity of the
machines increases.

Description of the policy measures

As explained in the previous sections, consumers are
reluctant to select energy-saving programmes if they
consider their duration is excessive. In the context of
revision of the EU Ecodesign and Energy Labelling
regulations, several measures have been proposed to
avoid or even reverse this behaviour.

Washing machines currently offer a wide range of
washing programmes, intended for different purposes
and with different washing performances. The latest
consumer behaviour survey available (Alborzi et al.
2017b) indicates that cotton programmes are by far the
most used programmes in the EU, but also among the
programmes with the highest average energy consump-
tion. For this reason, declarations of energy use in the
EU regulations have used cotton programmes as the
reference, including the 2014–2019 revision. The option
of widening the scope of the regulations to include the
performance of all washing programmes offered by
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machines would result in a very large, long and costly
testing process and difficulties to standardise washing
programmes that are brand- or machine-specific, or
rarely offered.

The policy measures selected in this paper are the
outcome of a thorough analysis of a large number of
possible measures, as detailed in JRC (2017a), involv-
ing a wide range of stakeholders across the European
Union. The options with the highest potential for deliv-
ering energy savings, while remaining feasible to imple-
ment as part of the Energy Label regulation, are present-
ed in this section.

The possible policy measures may be divided into
three groups:

(a) Informative measures that aim at providing a
more transparent indication of the programme duration
to the consumers (e.g. information about the duration of
the energy-saving programmes on the energy label and
in the instruction booklet). This measure will be
modelled below under the ‘information on the label’
scenario.

This measure has limitations due to the relatively
inflexible layout of the energy label. The main informa-
tion related to the energy consumption and energy effi-
ciency classification is communicated in the upper part
of the label and the duration would be included in the
bottom half, along with other performance characteris-
tics, or in the product information sheet that can be
obtained through the QR code. According to Brazil
and Caulfield (2017), only the information displayed
in the upper part of the energy label can be easily
remembered by most consumers.

(b) A modification of the EEI calculation to include
an additional parameter related to programme duration.
Thismeasure will bemodelled below under the ‘EEIE&t’
scenario.

The current EEI is a measure of the energy efficiency
of the machine to reach a certain washing performance.
According to the so-called Sinner’s Circle (Textile
testing institute 2019), the washing performance de-
pends essentially on four factors: temperature, chemis-
try, time and mechanics. The same level of washing
performance can be achieved with different contribu-
tions of each of the four factors. When a washing
machine is tested, the chemistry factor (related to the
composition of the detergent) is fixed. The mechanical
action depends on the drum size and load (a small load
in a large drum is exposed to greater mechanical action
than a fully loaded small-drum machine). Once the size

is fixed, to reach a minimum washing performance, the
optimum energy efficiency performance can be
achieved by extending the duration (therefore extending
mechanical action) and lowering the washing
temperature.

Since it is more energy-efficient to increase mechan-
ical action than to increase temperature, the optimisation
of programmes by the manufacturers has been by pro-
posing long-durat ion programmes at lower
temperatures.

The inclusion of a penalisation time-based parameter
in the EEI would reduce the benefits of excessive ex-
tension of programme times. Such a change would set
new conditions and open up a completely new playing
field for competition among the manufacturers to devel-
op efficient but not too lengthy programmes, stimulating
machine designers to find other innovative
technologies.

On the negative side, this option can be perceived as
a less transparent option for consumers, because the
label included is endogenous to other parameters be-
sides just energy, and the energy efficiency classification
does not provide a direct correlation with the energy
consumption declared on the lower part of the label.
This means also that the washing machines with lower
energy consumption but longer programme duration
will no longer achieve the best EEI. Lower energy
consumption will decrease the EEI value, whereas lon-
ger programme duration will increase it.

The full consequences of this option are uncertain:
the development of market players in reaction to the
measure is unknown. Manufacturers would have to find
trade-offs between the energy consumption and pro-
gramme duration of the cycles to achieve good EEIE&t
indexes, and the optimisation may not develop in the
direction of the overall energy saving for the EU which
is the goal of the EU regulator to achieve. This measure
would affect both the Ecodesign and the Energy Label-
ling regulations.

(c) Restrictions or limitations to the programme du-
ration (e.g. a time cap). This measure will be modelled
below under the ‘programme duration cap’ scenario.

The observed trend of increasing the programme
duration above 3 h bears the risk that the efficient
programmes are not used in real life by consumers. This
trend can be limited by means of a programme duration
cap. A limitation of the programme duration to around
3–4 h will force the manufacturers to develop efficient
programmes within these limits while continuing to
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achieve the required washing performance. This mea-
sure would fix one of the parameters of Sinner’s Circle
which has been used by the manufactures to compensate
the lower washing temperatures and reduces the size of
the playing field. A possible consequence is that ma-
chines are less varied regarding their energy efficiency,
which initially not only increases the incentives for
differentiation but also reduces it if no technical solu-
tions are found. Should the latter happen, this measure
could become a barrier to successful implementation of
the energy label, as one of its aims is to differentiate
products on the market. If no technological solution is
found and the only technical option to compensate
duration is an increase in temperature, this measure
could result in a higher average energy consumption of
the standard cotton programmes.

Description of the model

A model for assessing the impacts of the different mea-
sures was created. The model sets up a stock for the
coming years (2015–2030) and calculates the impact of
the different measures regarding resource use (energy
and water), emissions (CO2eq) and consumer expendi-
ture. These impacts also depend on the market evolution
of household washing machines at the European level
(EU-28). A summary of the inputs of the model and the
sources of information are provided in Table 1.

Data on the energy consumption of washing ma-
chines are based on the performance data provided by
the manufacturers, data from consumer surveys and the
evolution of the technology in this appliance.

First of all, the model estimates the overall stock of
washing machines in Europe based on the number of
households (Eurostat 2016a) and the estimated penetra-
tion rate (CLASP 2013). The total annual sales are
subsequently estimated as the increase in the stock plus
the machines sold to replace the discarded machines
from the stock. The discarded machines are estimated
by means of a Weibull cumulative function as is com-
monly done in the literature (US EPA 2015). Specific
annual parameters introduced in theWeibull distribution
depend on the age of the stock (Balde et al. 2015). These
parameters include the expected lifetime of the washing
machines (Prakash et al. 2016).

The model determines the average annual energy and
water consumption of the washing machines by multi-
plying the per cycle energy and water consumption of
the estimated testing portfolio programmes by the num-
ber of cycles per year (220 cycles/year) which is then
multiplied by a correction factor to achieve the estimat-
ed energy and water consumption under the actual use
conditions. The correction factor equals the ratio of the
annual energy consumption under actual use conditions
and the annual energy consumption declared by the
manufacturers and based on the current performance
standard.

Table 1 Inputs to the model for assessing the impacts of the four scenarios

Input Value Reference

Expected lifetime 12.5 years Prakash et al. (2016)

Cycles per year 220 cycles/year Standard IEC 60545:2010

Rated capacity 7 kg Average rated capacity APPLIA database (2014)

Manufacturing cost (P0) 296 €2015 Own assumption

Learning curve exponential (b) 0.3 Obtained by fitting to the Eurostat (2016a)

Manufacturers’ mark-up 1.28 Ruedenauer et al. (2011)
Retailers’ mark-up 1.26

VAT 22%

Energy price forecast Series PRIMES (2016)

Water escalation factor 2.5% Own assumption

Detergent cost 44.8 €2015/year JRC (2015)

Cost of repairing (machines without heat pump) 155 €2015 Prakash et al. (2016)
Percentage of repair 30%

Cost of repairing (machines with heat pump) 200 €2015 Own assumption

Percentage of repair 30% Own assumption
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Finally, technical data permitting the analysis of the
washing machine performance have become available
thanks to the manufacturers and European manufac-
turers’ associations (APPLIA). The basis of this assess-
ment is an engineering analysis of the possible improve-
ment options and their costs combined with an impact
analysis which calculates the impacts in the EU of
replacing commonly used machines with more efficient
ones. More details about the single and combined im-
provement options that were assessed regarding their
energy-saving potential and additional costs can be
found in JRC (2017a).

The purchase price of each machine for final con-
sumers is estimated based on the manufacturing costs of
the base washing machine and, when appropriate, the
additional costs of the improvement options, mark-ups
of the manufacturers and retailers and the VAT. In this
model, two mark-ups have been used: one from the
manufacturers to the retailers and one from the retailers
to the consumers. These amounts take into account
overhead costs and profits.

The manufacturing cost of a product decreases over
time because of, among other reasons, the manufac-
turer’s experience in producing that product. Thus, the
forecasted manufacturing cost was corrected by the
learning curve as Y(j) = a X(j)−b, (McNeil and Bojda
2012). The learning curve factors (− b and a) were
adjusted to fit the evolution of the harmonised consumer
price index provided by Eurostat (2016b) while consid-
ering a as the initial purchase price that equals the
average price in 2014 (EUR 148). Finally, the operation
costs include the electricity and water costs, mainte-
nance and repair costs and costs of auxiliaries (deter-
gents). Forecasted costs of the utilities were estimated
based on the information provided in Table 1 and the
cost of maintenance and repair, as well as the auxiliaries,
was assumed to be constant.

The energy consumption of the overall stock of
washing machines at EU-28 level per year is calculated
as follows:

AECEU 28 jð Þ ¼ ∑
j

i¼1
survival j−ið Þ*UEC j−ið Þ

where AECEU28 (j) is the EU-28 annual energy con-
sumption in year j, survival (j − i) is the number of units
surviving in year j which entered the stock in year j − i
and UEC is the average unitary energy consumption of a
machine in the year j − i in which the product was

purchased as a new unit. The average energy consump-
tion of a machine is calculated from the distribution of
the sales over the label classes in the year when it was
purchased. The energy and water consumption of each
washing machine in a certain label class is calculated at
the maximum value of the EEI of that energy efficiency
class. GHG emissions are estimated based on the annual
electricity consumption multiplied by the emission fac-
tor given in Table 2.

To calculate the EU-28 cost for electricity use by wash-
ing machines, AECEU28 (j) is multiplied by the corre-
sponding cost for electricity per kilowatt hour in year j.
The same approach is applied for calculating thewater cost
at the EU-28 level, in accordance with Table 1. The values
for the electricity and water prices in the period are gath-
ered in Table 2. The repair and maintenance costs include
costs associated with repairing or replacing components
that have failed and costs associated with maintaining the
washing machines. The repair and maintenance costs are
assumed to be constant, as is the cost of detergents.

Description of the scenarios

As mentioned in the previous sections, one reason why
consumers do not use the current testing programmes

Table 2 Annual energy prices, water prices and emission factors
from electricity use

Year Energy price
(EUR/kWh)

Emission factor
(g CO2/kWh)

Water price
(EUR/m3)

2015 0.190 395 4.08

2016 0.193 392 4.19

2017 0.195 389 4.29

2018 0.198 386 4.40

2019 0.200 383 4.51

2020 0.203 380 4.62

2021 0.204 376 4.74

2022 0.205 372 4.85

2023 0.207 368 4.98

2024 0.208 364 5.10

2025 0.209 360 5.23

2026 0.208 356 5.36

2027 0.208 352 5.49

2028 0.207 348 5.63

2029 0.207 344 5.77

2030 0.212 340 5.92

Source: PRIMES 2016
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(so-called standard and optimised by the manufacturers)
is their long duration. The distribution of the arithmetic
mean programme duration of three current testing
programmes—the standard cotton 60 °C at full capacity,
standard cotton 60 °C at half capacity and standard
cotton 40 °C at half capacity—is shown in Fig. 3. It
can be seen that the average programme duration varies
from approximately 130–300 min. Most of the models
have an average programme duration between 160 min
and 220 min.

The revision of the Ecodesign (1015/2010) and En-
ergy Label regulation (1061/2010) on washing ma-
chines offers an opportunity to revise the existing re-
quirements and address issues such as the reluctance of
consumers to use long energy-saving programmes.

The policy measures investigated in this study have
been formulated as scenarios and are compared to a
business-as-usual (BAU) scenario. The BAU scenario
implies no changes in the legal requirements for wash-
ing machines, except the rescaling of the energy label of
washing machines into the A to G scale, as prescribed
by the Energy Labelling Framework regulation (EU) No
1369/2017.

Scenario 0: Business-as-usual

The only change introduced in the BAU scenario com-
pared to the current conditions is the rescaling of the
energy label scale into an A to G scale, as it was already
known that the rescaling would have to take place
shortly. The rescaling of the energy label is expected to
have a slightly positive impact on the energy perfor-
mance evolution of the machines in comparison to the

current situation. Currently, the energy efficiency class
A+++ dominates in the European market, as shown in
Fig. 4. According to the APPLIA database (2016), 75%
of washing machines declared an A+++ classification,
15% an A++ classification and approximately 10% an
A+ classification.

In accordance with the Energy Label Framework
regulation (EU) No. 1369/2017 and considering that
washing machines are considered a slow-moving tech-
nology (the speed of technical development is not as fast
as other products such as ICT products), the revision of
the energy label for washing machines should consist of
seven energy efficiency classes, fromA to G. The newly
rescaled label shall have one empty top class at the time
of writing, to encourage technological progress, to pro-
vide regulatory stability and to limit the frequency of
rescaling. This means that the empty top class
incentivises the manufactures to optimise the energy
performance of the machines while at the same time
ensuring that only a small market share will reach this
classification in the long term.

Several alternatives can be proposed for this exercise.
Figure 5 shows a possible rescaling where the most
efficient machines are classified as class B and the most
populated class will be class F. The values for the EEI
are shown by the class letter.

In the BAU scenario, it is assumed that the market
will improve at the same rate and in the same direction
as today. However, thanks to the rescaling of the energy
efficiency label, in this study, it is considered that the
label will recover part of its potential for differentiating
among washing machines, and the manufacturers will
have more incentives to go beyond the mandatory
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Fig. 3 Average programme
duration distribution of the
standard cotton 60 °C programme
at full and half capacity and the
standard cotton 40 °C programme
at half capacity. Source: APPLIA
database (2016)
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Ecodesign requirements and develop washing machines
that will reach higher energy efficiency classes sooner
than without a rescaling of the label.

These efforts are however not fully reflected in the
energy consumption of washing machines under real
use conditions as consumers are assumed to be reluctant
to use long energy-saving programmes.

Scenario 1: Information on the label

Providing the programme duration information on the
label does not affect the classification of the machine
according to the energy efficiency label (same energy
efficiency classification as in the BAU scenario). This
measure, however, is expected to affect the sales. Due to
the provision of this information, consumers will be
aware of the long duration of the testing programmes
and would make a more informed choice that will match
better their needs.

Thus, it is assumed that there will be some consumers
that will prefer shorter programmes and will demand
machines with a worse energy efficiency classification
and other consumers that will give prevalence to the

energy efficiency classification and demand machines
of the top energy efficiency classes but with longer-
lasting energy-saving programmes.

Scenario 2: Energy efficiency index based on energy
consumption and programme duration (EEIE&t)

The current EEI is only based on the energy consump-
tion. If this parameter is modified by introducing a
second parameter, the distribution of the classes on the
label could be dramatically changed.

In the ‘Energy efficiency index’ section, the calcula-
tion of the current EEI has been explained in detail. This
scenario proposes the introduction of a second parame-
ter relying on the average programme duration as fol-
lows:

EEIE&t ¼ A
AEc

SAEc
þ B

t
tref

with A + B = 1 where A = the correction factor for the
annual energy consumption,B = the correction factor for
the average programme duration, t = the programme
duration and tref = the reference programme duration.

Fig. 4 Distribution of the energy
label for washing machines on the
market in 2016. Source: APPLIA
database 2016

Fig. 5 Possible rescaling of the
energy label for washing
machines in accordance with the
Energy Label regulation
(maximum and minimum values
for the EEI are shown in the axis
that correspond to the energy
efficiency classes). Source:
APPLIA database 2016



As observed, the formula is based on three parame-
ters that are arbitrary. In order to analyse the effect of
those parameters, three options have been studied for
each parameter. The correction factor A took the values
of 0.8, 0.7 and 0.6; the correction factor B adopted the
values 0.2, 0.3 and 0.4, respectively; and the tref the
values of 180 min, 210 min and 240 min.

For each of these options, the following classes have
been proposed as shown on the X-axis of Fig. 6. Figure 6
shows that the differences in the tref factor does not
strongly modify the distribution into the energy efficien-
cy classes. However, factors A and B have a stronger
influence. It is observed that the lower the value of factor
A (e.g. 0.6) and consequently the higher the value of

factor B (e.g. 0.4), the broader the distribution. This
means that the introduction of factors A and B into the
formula helps in differentiating the performance of the
products on the market.

Regarding the nine options under consideration,
those in which factor A equals 0.7 and factor B equals
0.3 provide the broadest distribution for the three tref
values under study. In these cases, most of the machines
are labelled as class E, followed by classes F and D.
Somemachines reach the top energy efficiency class (A)
(around 15 models), meaning that the proposed
rescaling should be revised to comply with the require-
ments of the Energy Labelling Framework regulation.

The evolution of the energy efficiency classes under
these conditions is extremely difficult to determine, as
no previous experience has been recorded. In theory, the
introduction of the time parameter into the EEI formula
opens a new field for competition that is no longer solely
focused on the energy consumption. It is supposed that
under these conditions, there will be manufacturers that
will concentrate on the energy efficiency aspects while
others will develop their products to offer shorter
programmes. However, it is supposed that most of the
manufacturers will try to find a trade-off between both
parameters that simultaneously cover the needs of the
consumers and reward the product with a relevant
EEIE&t.

Having a closer look at the distribution obtained by
applying A = 0.7 and B = 0.3 and tref = 180 min, the
predominance of the energy consumption over the
length of the programme duration can be seen. Table 3
shows the average energy consumption per cycle, aver-

Table 3 Share of models in 2016 and average rated capacity,
energy consumption and programme duration for each energy
efficiency class under scenario EEIE&t

EL
class

EEIE&t %
models

Average
rated
capacity
(kg cotton)

Average
energy
consumption
(kWh/a)

Average
programme
duration
(min)

A < 9 0.0%

B 9–12 0.3% 8.33 60.40 226.27

C 12–16 1.4% 11.00 99.16 271.19

D 16–21 5.2% 8.71 118.33 244.21

E 21–27 18.8% 8.22 145.70 230.08

F 27–35 52.5% 7.26 172.71 191.38

G > 35 21.8% 6.35 186.56 164.22
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Fig. 6 Distribution of the washing machines under different cal-
culation conditions of the EEIE&t



age rated capacity and average duration for the refined
energy efficiency classes. It can be seen that the washing
machines classified with the lower energy efficiency
classes account for the smaller average rated capacity,
the higher average energy consumption and the shorter
average programme duration. It can also be observed
that the highest rated capacity is not classified in the top
class (class B since class A should remain empty in
accordance with the Energy Label Framework regula-
tion). This indicates that the mismatch between the
increasing rated capacity of the washing machines and
the constant average loading of the consumers has been
partially addressed.

Scenario 3: Programme duration cap

A programme duration cap is a clear message and may
be an effective measure to force the market to move
towards shorter washing cycles. As shown in Fig. 3 and
in more detail in Table 4, if a programme duration cap
was set and the manufacturers were not to shorten the
testing cycles, there is a large number of models that
would no longer be allowed into European market.

Table 4 shows that in general, the shorter the average
duration of the testing programmes, the higher the ener-
gy consumption. The average of the weighted annual
energy consumption of the machines with an average
duration equal to or shorter than 180 min is 4.5% higher
than the average weighted annual energy consumption
of all the machines on the market. The weighted average
energy consumption becomes closer to the weighted
average energy consumption of all the washing ma-
chines provided that the programme duration cap is
relaxed. For example, an increase in the energy con-
sumption of approximately 2.10% would be observed if
the programme duration cap was set at 240 min.

Similarly, it is observed that the average rated capac-
ity of the washing machines increases as long as the

programme duration cap becomes less strict. Machines
with an average duration equal to or shorter than
180 min have an average rated capacity close to 6.8 kg
whereas those with an average duration equal to or
shorter than 240 min have an average rated capacity of
approximately 7.2 kg. This indicates that smaller ma-
chines are able to provide shorter programme times.

Finally, Table 4 shows the number of models that
comply with the programme duration cap depending on
its strictness. A total of 60% of the models on the market
in 2016 offered an average duration equal to or shorter
than 180min. This percentage increases to approximate-
ly three quarters of the market if the programme dura-
tion cap is set at 210 min and reaches approximately
88% of the market if the programme duration cap is
relaxed to 240 min.

Market evolution for the different scenarios

The different scenarios act differently on the evo-
lution of the resource consumption (energy and
water) in the EU-28. There are two key factors
that determine the consumption of resources in the
model: (a) the annual energy and water consump-
tion of an average washing machine under actual
use conditions (which is not the same as the
values declared on the energy label) and (b) the
evolution of the sales in the coming years regard-
ing the energy and water consumption (or how fast
more energy-efficient washing machines are enter-
ing the EU market and the EU stock).

The estimation of the correction factors is based
on the expected effects of the measure on the per-
formance of the programmes and the use behaviour
of consumers, regarding for example the selection
and frequency of use of the programmes and the
loading and type of clothes (JRC 2017a). The mea-
sures will affect not only the declared energy and

Table 4 Programme duration and energy consumption of the washing machines on the market

Time Average annual energy consumption (kWh/year) Average rated capacity (kg/cycle) Number of models

No limit 167 7.338 7314

≤ 180 min 174 6.824 3043

≤ 210 min 172 7.044 5345

≤ 240 min 170 7.184 6429

Source: APPLIA Database 2016
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water consumption of the testing programmes but
also the expected use of these and other programmes
by the consumers. In this sense, it was assumed that
shorter testing programmes (cotton programmes)
will be better accepted by the consumers even if
on average they have a higher energy and water
consumption.

Additionally, the measures are expected to affect
the purchase decisions of consumers as well as the
evolution of the technology towards better energy
efficiency classes. For example, setting a pro-
gramme duration cap can prevent machines from
being classified within the top classes in an A to
G scale. Estimations of future sales are based on
historical time series provided by the manufac-
turers (JRC 2017a). Table 5 shows the energy
consumption and the forecasted sales distribution
of the different energy efficiency classes for each
of the measures under consideration. Water con-
sumption and purchase price have been related to
the energy consumption according to the following
equations:

Purchase price ¼ Manufacture cost

1þ −05238*
EEI j−EEIBC

EEIBC
−0:0899

� �� �

Water consumption ¼ 220
1000 0:6031*EEI j−6:1931ð Þ:These

equations were empirically obtained by fitting the EEI
value of a large number of models and their water
consumption (in m3/year) or their purchase price (in
Euro 2015).

Environmental and economic significance
of the proposed measures

The results of the modelling performed in this study
foresee that the EU-28 total sales will remain stable in
the coming years around 16.3 million units. The fore-
casted sales in 2030 consist of approximately 98% re-
placement sales (those machines bought to replace other
machines that stopped working) because it is assumed

Table 5 Attributed energy consumption and forecasted sales for each of the energy efficiency classes for the BAU, information on the label,
energy efficiency index (EEIE&t) and programme duration cap scenarios

G F E D C B A

BAU scenario

Energy consumption (kWh/year) 190 173 146 122 107 97 60

Sales 2020 15% 46% 26% 10% 2% 1% 0%

Sales 2025 9% 28% 36% 19% 5% 2% 1%

Sales 2030 5% 16% 43% 24% 8% 2% 2%

Information on the label scenario

Energy consumption (kWh/year) 190 173 146 122 107 97 60

Sales 2020 14% 43% 27% 13% 1% 1% 1%

Sales 2025 10% 31% 38% 16% 3% 1% 1%

Sales 2030 8% 20% 45% 20% 5% 1% 1%

EEIE&t scenario

Energy consumption (kWh/year) 187 172 145 118 99 60 58

Sales 2020 12% 14% 41% 24% 8% 1% 0%

Sales 2025 8% 12% 35% 27% 15% 2% 1%

Sales 2030 5% 12% 32% 29% 19% 2% 1%

Programme duration cap scenario

Energy consumption (kWh/year) 190 173 146 122 107 97 60

Sales 2020 16% 45% 29% 9% 1% 0% 0%

Sales 2025 12% 32% 38% 16% 2% 0% 0%

Sales 2030 10% 20% 45% 18% 5% 2% 0%

Energy Efficiency (2020) 13:51–67 63



that the washing machine market is saturated and that
the total number of washing machines in service will
remain constant. The modelled and forecasted sales
were compared to the available data and forecasted
sales found in the literature. VHK (2014) predicted
14.9 million units would be sold in 2015 and 16.3
million units in 2030.

The different measures will impact differently on the
evolution of the resource consumption (energy and wa-
ter) in the EU-28. For all the scenarios, the overall
energy and water consumption during the use phase of
washing machines in the EU-28 is expected to decrease
between 2015 and 2030 in comparison to the BAU
scenario. This is due to the progress of technology
development and the fact that the market is saturated.

The expected energy consumption and GHG emis-
sions during the use phase are shown in Figs. 7 and 8.
They show that the maximum energy savings are ex-
pected for the EEIE&t scenario with an energy saving of
2.31 TWh/year in 2030. This saving is about 8% of the
washing machine energy consumption estimated under
the BAU scenario in 2030. Note that the uncertainties
associated with the EEIE&t scenario are the highest as it
opens up a new playing field for competition and this
makes it challenging to predict the evolution of the
market. The scenario with the second greatest energy
savings is the programme duration cap scenario. The
energy savings expected due to the implementation of
this measure are close to 0.97 TWh/year in 2030.

The modelling estimates that the scenario that intro-
duces information on the label would result in higher
energy consumption during the use phase at the EU-28
level in 2030 than the BAU scenario. This is due to the
assumptions made of how consumers will consider this

information at the time of purchase. It is assumed that
some will select less energy-efficient machines and
some others will purchase high-energy-efficiency prod-
ucts but not always use the energy-saving programmes.
This scenario has thus large uncertainty about how
consumers would react to the new information on the
label, and whether they will be able to fully understand
it, relate it to their needs and react rationally to it.

A forecast of GHG emissions during the use phase
generated by the stock of machines on EU households is
shown in Fig. 8. The GHG emissions have been esti-
mated considering the electricity consumption and the
conversion factors shown in Table 2. Figure 8 illustrates
that the scenario with the inclusion of the programme
duration in the EEI calculation (EEIE&t) would be the
scenario saving most emissions (approx. 0.8 million
tonnes CO2-eq/year in 2030). A scenario with a pro-
gramme duration cap would also save some emissions
(approx. 0.25 million tonnes CO2-eq/year in 2030). Sim-
ilarly to the results presented for energy consumption
during the use phase, the scenario with the information
on the label would increase emissions in comparison
with the BAU scenario (approx. 1 million tonnes CO2-

eq/year in 2030).
With regard to the water consumption during the use

phase of washing machines, maximum water savings of
25 million m3 per year are expected in 2030 due to the
implementation of a programme duration cap. This is a
saving of around 15% of the total water consumption
expected in 2030 in the BAU scenario at EU-28 level.

Finally, with regard to the total consumer expenditure
(Fig. 9), the measures implementing the information on
the label as well as the programme duration cap lead to
expected expenditures that are very close to the BAU

64 Energy Efficiency (2020) 13:51–67

Fig. 7 Forecast electricity
consumption of the stock of
washing machines in the EU-28
under actual use conditions for the
BAU, information on the label,
EEIE&t and programme duration
cap scenarios
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scenario. The measure implementing an additional pa-
rameter related to the duration in the calculation of the
EEI (EEIE&t scenario) forecasts higher consumer expen-
diture costs, which seems to be due to the higher pur-
chase price of the appliances.

Conclusions and policy implications

The recent revision of the EU Energy Label and
Ecodesign regulations for washing machines undertak-
en in 2014–2019 has been an opportunity to rethink the
aspects where the regulations were not delivering the
expected energy savings.

One of the aspects of the revision has been the ob-
served divergence between the technical solutions offered
by washing machine manufacturers to save energy, by
means of long duration programmes, and the relatively
low uptake of these programmes by consumers.

This paper focuses on this aspect of programme
duration. The paper summarises the evidence of the
problem and the policy measures that regulators and
stakeholders have discussed, presenting the pros, cons,
and technical details of regulative approaches that could
bridge the gap and stimulate the manufacturers to offer
consumers more energy-efficient appliances that operate
for acceptable programme durations, closer to their ac-
tual needs.

Three possible regulatory measures were investigat-
ed: the provision of information about programme du-
ration on the energy label, the inclusion of programme
duration as an intrinsic parameter of the energy efficien-
cy index (EEI) calculations and the setting of a pro-
gramme duration cap. A bottom-up stock model was
developed to quantify the environmental and economic
implications of the three measures, comparing the op-
tions in terms of use of resources (energy and water
consumption), emissions of CO2eq during the use phase
and expected costs along the life cycle of the product.

Fig. 8 Forecast of GHG
emissions of the stock of washing
machines in the EU-28 under ac-
tual use conditions for the BAU,
information on the label, EEIE&t
and programme duration cap
scenarios

Fig. 9 Forecast consumer
expenditure of the stock of
washing machines in the EU-28
under actual use conditions for the
BAU, information on the label,
EEIE&t and programme duration
cap scenarios



Of the three options, the inclusion in the EEI of an
additional time parameter related to the duration of the
programme would achieve the largest GHG and energy
savings, the latter up to 2.31 TWh/year by 2030 in the
EU. However, this option has a high level of uncertainty
because of the unknown development of market players
in reaction to the measure. Manufacturers would have to
find trade-offs between the energy consumption and
programme duration of the cycles to achieve good
EEIE&t, and the optimisation may not develop in the
direction of the overall energy saving for the EU which
is the goal of the EU regulator to achieve. This measure
would affect both the Ecodesign and the Energy Label-
ling regulations.

The measure with the second highest savings (0.97
TWh/year in 2030) was the introduction of a compul-
sory programme duration cap bymeans of an Ecodesign
requirement. This measure assumes that shorter
programmes (of less than 3 h) will be acceptable to
consumers if they deliver energy savings and thus will
be used more often than the current energy-saving
programmes lasting more than 4 h. This measure de-
livers a high energy-saving potential and is relatively
easy to implement, which is therefore advisable. The
programme duration cap can, if necessary, be adjusted to
the machine capacity, so larger machines have a larger
cap to account for their higher energy efficiency per
kilogrammes of clothes washed.

The provision of information about the duration of
the programmes on the energy label was the third
measure under consideration. It is assumed in this
estimation that consumers understand the informa-
tion provided by the energy label and are able to
identify the machines on the market that better fit
their needs, and it also assumes a willingness to
accept the trade-off between programme duration
and energy savings. This estimate is thus based on
the assumption that consumers will react rationally to
the measure and that the manufacturers will develop
machines according to users’ reactions. However, if
consumers do not react to the presence of programme
duration information on the label, energy efficiency
alone will continue to be the aspect driving con-
sumers’ purchases, and the measure will not have
the corrective action expected. In view of the argu-
ments above, it is concluded that if this measure is
implemented, it would be advisable to do so in com-
bination with either of the other two mandatory mea-
sures investigated.
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