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Abstract Historically, domestic chores such as wash-
ing dishes were all done by hand. Today it is estimated
that 44% of the households in the EU are equipped with
a dishwasher. In this article, we discuss the connections
between technical developments, consumer behaviour
and the test standard for energy labels. The aim of this
study is to provide recommendations for future work
that would strengthen the role of the energy label in
order to promote the more sustainable technical devel-
opment of household appliances. Technical develop-
ments are compared with the consequences of different
consumer behaviour. It was found that technical devel-
opments could reduce annual energy use, but depending
on the implemented technology, this is often complex
and requires additional components. On the other hand,
a consumer can easily increase energy usage by 50%
without being aware of doing so, when goods are pre-
treated, appliances incorrectly loaded, or inappropriate
programs selected. Our recommendation is first of all to
encourage the use of dishwashers as they consume less
energy and water compared with washing up manually.
A holistic approach should be taken to updating the
energy labelling system. Actual consumer behaviour
must be taken into account and, perhaps most impor-

tantly, as dishwashers are becoming ever more energy
efficient, consumers must be educated in using the ma-
chines in an environmentally friendly way. We conclude
that the energy labelling system is outdated; it must be
fundamentally revised and must take into account con-
sumer behaviour.

Keywords Energy label . Household appliances . Pre-
treatment .Water consumption

Introduction

The framework set out by the European Council in
October 2014, consisting of a domestic target of at least
a 40% reduction of greenhouse gas emissions from 2030
as well as renewable energy and energy efficiency tar-
gets of at least 27%, was followed up by the multilateral
Paris Agreement in 2015, in which 195 countries agreed
to cap global warming at 1.5 °C between 2010 and
2100. This sends a clear signal to all parts of the com-
munity that a move away from fossil fuels to renewable
and more efficient energy usage is required (European
Commission 2016). According to the IPCC (Edenhofer
et al. 2015), the building sector accounted for 25% of the
greenhouse gas emission and 32% of the total global
energy use in 2010. In Sweden, approximately 30% of
the energy used in households comprises household
electricity, and of this nearly 25% is used for laundry,
dishes and cooking (Energimyndigheten 2017a).

It is estimated that 44% of EU households are
equipped with a dishwasher, and this would mean that

Energy Efficiency (2020) 13:145–155

https://doi.org/10.1007/s12053-019-09835-6

L. Brunzell (*) :R. Renström
Department of Engineering and Chemical Sciences, Karlstad
University, SE-651 88 Karlstad, Sweden
e-mail: lena.brunzell@kau.se

R. Renström
e-mail: roger.renstrom@kau.se

# The Author(s) 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s12053-019-09835-6&domain=pdf
http://orcid.org/0000-0002-1282-968X
http://orcid.org/0000-0002-5764-7062


there are around 96 million units in use. In 2015, the
energy usage from these units was estimated to be
31 TWh/year and the water usage 317 million cubic
metres. If no measures are taken, energy use will rise
to 40 TWh/year in 2030, equivalent to 15 million tons
CO2eq (European Commission 2018). Ninety-six mil-
lion units are a considerable number of appliances;
however, studies on the environmental impact from
domestic chores show that modern household appli-
ances generally use less energy, water and detergent
when compared with performing the chores manually
(Stamminger et al. 2007; Olsson and Karlsson 2015).
According to Richter (2011), a household with a dish-
washer uses on average 50% less energy and 28% less
water per cleaned item compared with households
where the dishes are done by hand.

In 1995, the EU directive on energy labelling on
household products was launched. The idea was that a
clear labelling system would help consumers to find the
most energy-efficient appliances from the large assort-
ment available when purchasing a new product. Simi-
larly, manufacturers would be incentivized to develop
more energy-efficient products in order to be competi-
tive on the market. This led to good results: refrigerators
and freezers now use one-third of the energy they used
when the labelling system was launched (Abdessalem
and Labidi 2016). A similar development for dish-
washers was presented by Bengtsson and Eikevik
(2016), where the electricity use of one manufacturer’s
products was reduced from 3.7 to 1.1 kWh between
1977 and 2003, and water use was reduced from 60 to
9.9 L. This study also indicates that the reduction of
electricity and water usage has flattened out due to
difficulties in making the traditional washing process
even more efficient. New technology will be needed in
order to make larger improvements (Bengtsson and
Eikevik 2016). In general, manufacturers are restrictive
about sharing information with competitors. Their focus
is on keeping concepts secret, patenting them and intro-
ducing good concepts and ideas as quickly as possible to
get products on the market. Existing beliefs about the
advantages of buying an energy-efficient product might
persuade green consumers to select a product with a
better energy label and this belief may be strengthened
when energy-efficient products are marketed as being
innovative (Ha and Janda 2012).

The energy labelling system is designed to enable
people to understand the differences between products,
regardless of the language they speak. Energy use is

shown using letters and arrows of different lengths and
colours. Products with high energy use are labelled with
a red arrow and the letter D, while products with low
energy use receive a short green arrow with the letter A.
A clear labelling system is also well suited to the in-
creasing sales of appliances on the Internet because it
makes it easier for consumers to compare a large num-
ber of appliances based on online viewing alone. With
the introduction of higher ratings, such as A+, Russo
et al. (2018) as well as Stadelmann and Schubert (2018)
claim that the labels have the potential to become even
more effective in persuading consumers to buy more
energy-efficient products. There are, however, studies
showing that there is a risk that the energy label A
becomes the focus of the consumers’ assessment and
when adding one, two or three plusses, they could
interpret all classes as being more or less the same
(Ölander and Thøgersen 2014). In 2021, there will be
a revision of the energy labelling framework directive
changing back to an A to G scale (Energimyndigheten
2019).

According to Boyano et al. (2017), class A was
banned for all dishwasher models from December
2016. They also state that 44% of the sold appliances
in Sweden had an energy class of A++ or A+++. This
puts Sweden in sixth place of EU countries, while
Germany leads with a figure of 65%. Even though the
focus of the energy label lies on the purchase choice,
Bichler et al. (2015) indicates that clear information
regarding the ECO program and the energy label can
also affect the users’ choice of washing program.

Although the price of electricity changes over time in
different countries, the manufacturers’ development of
more energy-efficient appliances has continued. There is
a great consumer demand for products with good energy
ratings, which seems to confirm that the group of green
consumers is growing. Stadelmann and Schubert
(2018), who studied the influence of introducing a new
energy label with monetary and lifetime-oriented infor-
mation that includes energy costs, did not find that this
new label affected consumers’ purchases more than the
EU energy label.

Although dishwashers today are energy efficient,
consumer behaviour when washing up has a great effect
on their environmental impact, as is frequently reported
in the literature (Richter 2010, 2011; Stawreberg and
Wikström 2011; Vivian et al. 2011; Conrady et al. 2014;
Schmitz and Stamminger 2014; Kim et al. 2015; Pakula
and Stamminger 2015; Abdessalem and Labidi 2016;
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Energimyndigheten 2017b). Regarding dishwashers,
the problems mainly concern prewashing, the choice
of program and the filling grade when washing.

In this article, we discuss the connections between
technical developments, consumer behaviour and the
test standard for the energy label. We demonstrate the
complexity and the relatively small improvements in
dishwashers’ energy efficiency and water use on a tra-
ditional washing cycle that can be achieved through
technical developments. We then put these figures in
relation to the energy losses that may occur due to
consumer behaviour when goods are pre-treated, appli-
ances are incorrectly loaded or inadequate programs are
selected. When the energy label is determined, only one
of the dishwasher’s programs is used. This means that
the choice of program may have a significant effect on
the energy use of the product. The aim of this study is
also to provide recommendations for future work that
would strengthen the role of the energy label in order to
promote more sustainable technical development of
household appliances.

Method

Two representative dishwashers were chosen for this
study and their user manuals were taken from the
homepages of the manufacturers Electrolux and Miele
(Electrolux 2017, and Miele 2017). Electrolux is low
priced and A++, while Miele is high priced and A+++.
They represent two different segments of pricing and
labelling and are therefore interesting to discuss and
compare. Boyano et al. (2017) claim that in 2012,
BSH (Bosch, Siemens) was the main player in the
European white goods industry. BSH only gives infor-
mation about energy and water use for the ECO program
in their manuals. Electrolux, the second largest player,
gives full information as does Indesit, the third largest
player. Miele was, according to Boyano et al. (2017), the
seventh largest player; they also gives full information.
Data found in the manuals were used for calculations
and further discussions.

In the earlier cited literature, it is shown that the
everyday use of the dishwashers does not correspond
to the labelling system. The energy labelling systemwas
therefore further used in this study to determine the
differences in yearly energy use between possible tech-
nical improvements and different consumer usages of
the appliance.

To determine the annual energy use, the energy effi-
ciency index was used according to the regulation from
the European Commission (2010) for dishwashers. Ta-
ble 1 shows the relation between the energy efficiency
index and the energy label for dishwashers.

The energy efficiency index was determined from
standard procedure tests according to

EEI ¼
AEc

SAEc
� 100 ð1Þ

where AEc is the annual energy consumption of the
household appliance and SAEc is the standard annual
energy consumption of the appliance. When the EEI
was determined, the annual energy consumption AEc
for the dishwasher was determined from a usage of 280
cycles per year, including the power consumption of
standby and off mode during 1 year, each of them
considering 50% during which no power management
is present.

AEc ¼ Et � 280

þ

P0 �
525600− T t � 280ð Þ

2
þ Pt �

525600− T t � 280ð Þ

2

� �

60� 1000

ð2Þ

Et is the energy consumption for the standard cycle
(kWh); Pt is the power in left-on mode for the standard
cleaning cycle (W); Po is the power in off mode for the
standard cleaning cycle (W); and Tt is the program time
required for the standard cleaning cycle (minutes). For a
dishwasher with a higher capacity than 10 place settings
(ps) and a width greater than 50 cm, as used in this study,
the standard annual energy consumption, SAEC, is cal-
culated in kWh/year according to

SAEc ¼ 7:0� psþ 378: ð3Þ

Often dishes are pre-rinsed before they are loaded
into the dishwasher.When rinsing the dishesmanually, a
highwater flowwould be preferable due to the increased

Table 1 Energy efficiency classes for household dishwashers
(European Commission 2010)

Energy label Energy efficiency index (EEI)

A+++ EEI < 50

A++ 50 ≤ EEI < 56

A+ 56 ≤ EEI < 63
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force from the water. The maximum flowrate is 6 L/min
if the pressure in the household water system is 50 kPa,
which is normal in Sweden (Gustavsberg 2017). In
order to determine the energy and water demand for
pre-rinsing the dishes in this study, a water flow of
5 L/min was used in all calculations, irrespective of
whether cold or hot water was used. The actual flowrate
in kitchen mixers depends on the pressure of the house-
hold water system.

Results and discussion

Energy labelling of dishwashers

On the Swedish market, dishwashers are today rated A+
or higher. Of 100 appliances, 23 were rated A+, 37 A++
and 40 A+++, indicating that most of the dishwashers
already have the best energy rating. In this study, 13
different manufacturers were represented (PriceRunner
Sverige 2019). Compared with the figure of 44% pre-
sented by Boyano et al. (2017), the number of appli-
ances marked with A++ or A+++ seems to have in-
creased in Sweden.

The difference in maximum annual energy consump-
tion for the criteria for different energy labels is shown
in Fig. 1. The figure shows that considerable improve-
ments must be made in order to be awarded a better
rating, if taking into account the high present standard of
the dishwashers on the market. As an example, the
annual energy use of the most energy-efficient A+ dish-
washer must be reduced by a minimum of 11% in order
to fulfil the criteria of an A+++ label. This corresponds
to approximately 0.1 kWh per cycle or 29 kWh per year.

The tests for determining the energy label are per-
formed on a defined dishwashing program according to
the standard (European Commission 2010). As a result,
the ECO programs are optimised for the labelling test.
During the test, only small amounts of food such as egg,
oatmeal, spinach and milk are put on the dishes using a
brush. The substances are first dried and then burned
onto the dishes in an oven resulting in a rather tough
soiling before they are loaded into the dishwasher. In
any ordinary kitchen, this would be an unusual proce-
dure. Using a brush when soiling the dishes means that
the total amount of particles used in the tests is compar-
atively small compared with normal consumer behav-
iour. As described by Hubbuch and Goodall (1999), the
amount of soil in the test is low and does not correlate

with normal consumer behaviour. They also point out
that the amount of protein is overestimated in the tests.
The dishwashers have good filter systems and hereby a
good capacity to rinse off and separate the particles. This
capacity should be challenged in the tests in order to
increase the relevance of the labelling system and the
ECO program.

There is a large number of different programs in an
ordinary dishwasher on the market. The differences
between the dishwashers’ programs are often significant
as regards water and energy usage. Two different dish-
washers are presented in Tables 2 and 3. The dishwasher
from Electrolux, ESF5533LOW, is labelled A++, ac-
cording to its manual (Electrolux 2017). The dishwasher
from Miele has an energy label A+++ (Miele 2017).
Both are designed for more than 10 place settings.

Technical developments

All dishwashers on the market today are rated A+ or
better. The technical development of the washing cycle
has flattened out, as indicated by Bengtsson and Eikevik
(2016), and there are few reported studies on technical
improvements to dishwashers in the literature. The larg-
est improvements occur when new technology is intro-
duced, such as heat pumps or absorption materials to
improve the drying process. The studies performed by
Bengtsson and Eikevik (2016) and Bengtsson et al.
(2015) indicate that introducing a complex heat pump
system in a dishwasher on the market would result in an
improvement of 61 kWh per year. Keeping the annual
energy use for the different energy labels in mind, this
improvement would lead to a significant improvement
in the appliance’s energy rating. However, the introduc-
tion of a heat pump system is likely to result in higher
maintenance costs.

Hauer and Fischer (2011) found that introducing new
drying technology in the form of an open absorption
system would yield an improvement of 70 kWh per
year. When Bosch introduced zeolite as the absorption
material in the drying cycle in their dishwashers, they
published their concept as an innovative first mover and
claimed a 25% reduction in electricity use during the
drying stage (Hauer and Fischer 2011). Starting with a
dishwasher with energy label B, the energy label of the
final Bosch product is A+++ and its electricity con-
sumption is 0.83 kWh/cycle (Bosch 2019). This figure
is in the same range as that of the Miele dishwasher
presented in Table 3.
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According to De Paepe et al. (2003), the improve-
ment through waste water energy recovery resulted in
figures corresponding to a 19-kWh improvement in
annual energy use.

Consumer behaviour

The many reports on consumer behaviour related to
household appliances in the literature indicate that this
is an area of impact and interest. The following topics
have been frequently studied and will affect the amount
of energy and water used for the chore:

& Using dishwashers compared with washing up
manually

& Pre-treating dishes, mainly through rinsing
& The usual choice of program in a household
& The filling grade of the dishwasher

All these parameters will affect energy use. In this
study, we relate consumer behaviour to technical devel-
opment and the energy labelling system, and therefore
we present the energy usage that all these behaviours
could result in. It has been shown that normal consumer
behaviour does not correlate with the test standard.

First, using a dishwasher is by far the most efficient
way of doing the dishes. According to the figures from
Stamminger (2011), who states that 0.21-kWh energy
and 9-L water are used for each place setting when
washing up manually, more than twice the amount of
energy would be used than if the dishes were done in an
A+ rated dishwasher. As much as 27 m3 more water per
year would be used than by the dishwasher. These
figures clearly show that using dishwashers is signifi-
cantly better than washing up manually. Stamminger
et al. (2007) also presented a study involving more than
one hundred test persons in six European countries in a
comparison between washing dishes by hand and in an

Fig. 1 Maximum annual energy
use for dishwashers with a
capacity of 12 place settings
marked with different energy
label classes. Data for the
calculations were taken from
European Commission (2010)

Table 2 Energy and water use for different programs in Electrolux ESF5533LOW

Wash (°C) Drying rinse (°C) Water (L/cycle) Water (L/year) Energy (kWh/cycle) Energy (kWh/year)

ECO 50 – 9.9 2772 0.92 257.6

Auto 45–70 – 7–12 1960–3360 0.7–1.5 196–420

Intensive 70 – 13–15 3640–4200 1.4–1.6 392–448

Quick wash 60–65 – 9 2520 0.8 224

Glass 45 – 13–14 3640–3920 0.9–1.1 252–308

Rinse – 4 1120 0.1 28

Temperatures in the main wash are indicated. No available data was shown for the drying preparation rinse. The program used for the energy
rating is in italics (Electrolux 2017)
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automatic dishwashing machine. The test persons’ con-
sumption of energy, water and detergent was recorded.
The tests were done in accordance with EN 50242, with
the exception that the dishes were not dried in an oven
before washing up. In the test, dishes were soiled with
thin layers of spinach, minced meat, oat flakes, milk,
margarine, tea and egg yolk. The conclusion was that
dishwashers showed at least the same level of perfor-
mance as almost all of the test persons, but the dish-
washers used significantly less water. Additionally, huge
differences in the use of resources when washing up by
hand were recorded, with almost no correlation to the
achieved cleaning performance. The environmental im-
pact of detergents will be different between manual
washing and dishwashers, and there is also risk that
more goods are washed when the dishes can be done
automatically. Even though this is a weakness in the
studies, we think the main message is that using the
dishwasher is the best way of doing the dishes.

Although consumers use a dishwasher, it is quite
common to pre-treat the dishes before inserting them into
the machine. After a meal, there are often more substan-
tial amounts of residues left on plates. The leftovers are
unavoidable rests such as bones and shells, or rests that
the person disliked or did not manage to eat, and those
residues that simply did not get onto the fork or spoon.
How these residues are removed before the dish is put
into the dishwasher is decisive for the total energy and
water use. As reported by Richter (2010), there are also
large differences between different countries: in Sweden
51% of consumers pre-rinse each item quickly, while this
figure is as low as 10% in Germany. The average figure
for Germany, Sweden, Italy and the UK is 30%. The
general consumer recommendation from Electrolux is
do not rinse under running water. Simply scrape off the
large food particles from the plates before loading the

dishwasher (Electrolux 2017). This is the best possible
advice because no additional water, energy or chemicals
are used. The user, however, has to scrape vigorously to
be left with the same small amounts of residues used in
the labelling test; as explained above, residues are only
brushed on during the test. Pre-rinsing in cold water can
be a natural first step in order to get rid of food particles.
However, as soon as the tap is opened, water use in-
creases. If hot water is used, the energy consumption also
increases. If, for example, only 5 L of water at a temper-
ature of 40 °C are used to pre-rinse the dishes before
running a dishwasher program, the additional amount of
energy used would be 52 kWh annually. Compared with
the technical improvement suggested by Bengtsson et al.
(2015) for introducing heat pump technology in the dish-
washer, the amount of energy is approximately the same
as for pre-rinsing the dishes.

There are often many different dishwasher programs
available. In a study performed by the Swedish Energy
Agency (Energimyndigheten 2017b), four different dish-
washers rated A+ or higher were tested. The average
energy use of the energy labelling program was
250 kWh and water use 2920 L per year. If the
automatic program was used instead, energy use would
rise to 340 kWh and water use to 3980 L per year. This
highlights the importance of choosing the right program
and providing clear information to consumers. Bichler
et al. (2015) examined how different programs were used
in German households (n = 3836). The participating
households ran the following programs: 18.7% used the
ECO program, 17% the normal (45–55 °C) program,
16.9% the normal (60–65 °C) program, 14.5% the inten-
sive program, 14.3% the auto program, 12.2% the quick
program and 6.4% the China/delicate program. To deter-
mine how this usage would affect the energy use com-
pared with only using the program employed during the

Table 3 Energy and water use for different programs in Miele G 4202

Wash (°C) Drying rinse (°C) Water (L/cycle) Water (L/year) Energy (kWh/cycle) Energy (kWh/year)

ECO 52 47 9.7 2716 0.84 235

Normal wash 55 60 14 3920 1.10 308

Intensive Wash 75 60 15 4200 1.45 406

Sensor wash gentle 44 57 13.5 3780 0.90 252

Quick wash 40 45 11 3080 0.65 182

Extra quiet 46 64 10.5 2940 1.10 308

Temperatures in the main wash and the drying preparation rinse are indicated. The program used for the energy rating is in italics (Miele
2017)
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energy label test, these figures were compared to those of
the Miele dishwasher presented in Table 3. As the pro-
grams vary between different dishwashers, the two nor-
mal programs were assumed to be “Normal wash” and
the “China/delicate” and the Auto program was assumed
to equal “Sensor wash gentle”. The total amount of
energy used by this dishwasher through this behaviour
would be 282 kWh and 3604 L, compared with consis-
tently selecting the ECO program that uses only 235 kWh
and 2716 L per year, as presented in Table 4. The devi-
ation accounts to 47 kWh and 888 L. This is more energy
than what is required for changing at least one energy
class in the labelling system.

There is a significant trend that in a newer dishwash-
er, the ECO program is slightly more frequently used
than in machines older than 8 years (Boyano et al.
2017). Up to an age of 5 years, no such trend can be
seen and the ECO program is used approximately for
20% of the cycles, which corresponds to the figures used
in this study. This in turn means that other programs are
used than the labelling program in 80% of the cases.
With such low usage of the test program, the relevance
of the whole labelling system must be questioned.

Finally, Richter (2011) stated that the dishwashers reg-
ularly were not filled properly. According to that study,
every tenth wash cycle could be avoided. Assuming that
the test procedure for the energy label gives a reasonable
number of dishes for a year (amounting to 12 × 280 place
settings) and machines are normally only 90% filled, this
would mean that 31 extra programs are run in order to
reach the same number of clean items. If the Miele ECO
program discussed above is selected for all these wash

cycles, this would entail extra energy usage amounting to
26 kWh, and if “normal consumer behaviour” is used,
energy usage would increase to 31 kWh instead.

Energy labelling system in the light of technical
development and consumer behaviour

The aim of this study is to shed light on the interaction
between technical developments, consumer behaviour and
the energy labelling system. In Fig. 2, we aim to clarify the
proportions between examples of energy increase due to
how dishwashers normally are used and some technical
improvements suggested in the literature. First is the re-
duction in the annual amount of energy required for im-
proving the dishwashers’ energy rating from A+ to A++,
which would be a realistic goal for the dishwashers on the
market. This is included in the figure so that energy
reductions and increases can be related to this value,
instead of a specific machine or existing technology. If
the technical developments presented in this study were to
be implemented, a reduction in annual energy use of
between 19 and 70 kWh would result, depending on the
technology. These values are shown as reductions in Fig. 2
and are therefore negative. In relation to the increase in
energy use that consumer behaviour could have on the
washing cycle, the order ofmagnitude is approximately the
same. These values are shown as positive energy increases
in Fig. 2. One should also keep in mind that the figures,
due to technical improvements, cannot be summarised for
a single dishwasher; all improvements are studied sepa-
rately in different washers. However, the figures depending

Table 4 Effects on water and energy use by choosing different programs instead of always using the ECO program

Wash (°C) Water (L/cycle) Energy (kWh/cycle) Frequency of programs based on average
consumer behaviour (Bichler et al. 2015)

ECO 52 9.7 0.84 18.7%

Normal wash 55 14 1.10 17% + 16.9%

Intensive Wash 75 15 1.45 14.5%

Sensor wash gentle 44 13.5 0.90 6.4%+ 14.3%

Quick wash 40 11 0.65 12.2%

Extra quiet 46 10.5 1.10 –

Water (L/year) Energy (kWh/year)

Total use based on consumer behaviour 3604 282

Total use with ECO program 2716 235

The total usage is based on 280 wash cycles per year. Data on the different programs are from Miele G 4202 (Miele 2017)
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on consumer behaviour can be summarised depending on
how the washer is used.

The purpose of the energy label is to guide consumers
as well as to drive technical developments to create a
more sustainable community. Since the introduction of
the energy label, the energy efficiency of appliances has
increased significantly, meaning it is a good tool. At this
point, the most obvious efficiency improvements have
been made and about 40% of the dishwashers available
on the Swedish market already have the best energy
rating (A+++). This is higher than in many other coun-
tries where the market share of dishwashers with A+++ is
lower. It is reasonable to believe that in a couple of years,
these markets will have the same share of A+++ dish-
washers as Sweden.We identify at least two problems for
further development towards a sustainable community,
when this high share is reached.

The first of these problems concerns the effect of the
labelling system on technical developments. As the rating
is determined for a specific program, this program is
“optimized” to work well for the standard test. However,
the test probably does not correspond to the standard
procedure in ordinary households. As discussed above,
the amount of particles is often a problem as the dishwash-
er uses very little water. This could be a reason why

consumers rinse the plates instead of following the instruc-
tions to scrape off residues. The relation between the test
procedure and consumer behaviour is important to keep in
mind if technical developments are to be implemented that
will actually have substantial effects in households. Pro-
ducers must also provide clear information regarding the
energy usage of different programs and how the dishwash-
er should be used. This is not clear, as we saw in this study,
and the deviation between different programs is consider-
able. For example, if a consumer consistently chooses the
normal program instead of the ECO program on the Miele
dishwasher (Miele 2017), water use would increase by
44% and energy use by 62%. The difference between the
ECO program and the intensive wash program is even
greater; water use would increase by 55% and energy use
by 73% if the second of these is selected. There is a trend
that the manufacturers give the programs different sym-
bols; however, there is still a need for the consumer to
study the manual carefully in order to understand the
difference between the programs.

This leads to the second problem, namely the infor-
mation provided to consumers regarding the energy
label and how the dishwashers should be used in order
to be the most energy efficient and use the lowest
amount of water. A consumer can easily increase energy

Fig. 2 Possible energy reductions through technical improve-
ments suggested in the literature compared with energy increases
due to factors involving consumer behaviour. The maximum

reduction required to improve the energy rating from A+ to A++
is shown as a comparison
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usage by 50% without being aware of doing so. As
mentioned in the literature, the increased time the ECO
program runs does not indicate low energy use to a
consumer (Hook et al. 2018). Consumers often associate
a long program running time with higher energy use.

Our suggestion is to strengthen a holistic approach to the
development of products for a more sustainable communi-
ty. It is important that the consumer perspective is properly
considered in labelling and technical developments as
pointed out by Boyano et al. (2017). One improvement
would be to introduce a label for the entire dishwasher
involving all programs. This is especially important as
Boyano et al. (2017) present that 87% of the consumers
believe that the label covers more than one program. An-
other development could be to reduce the number of ad-
vanced programs and work more with atomizing the ma-
chine using sensors to indicate the amount of particles, etc.
in order to optimise washing while using as little energy
and water as possible. This is in agreement with Brückner
and Stamminger (2015), who suggest that further work is
needed on the automatic program. The information provid-
ed to consumers and the education of consumers are very
important aspects. As dishwashers are becoming increas-
ingly energy efficient, all “misuse” from consumers will
have a relatively greater effect on the total energy use.

Today it is, in accordance with the labelling system,
possible to have special settings in the ECO program
activated when the inlet water temperature is 15 °C as used
in the test standards. At any other inlet water temperature,
the dishwasher can use more water or energy than
displayed in the energy label. Such an optimization is not
in accordance with the idea of the labelling system.

Recommendations

Most importantly, encourage the use of dishwashers be-
cause they use much less energy compared with washing
up manually. Consumers should be aware of the most
environmentally friendly alternative, and consumer educa-
tion and information are important success factors. Manu-
facturers play an important role by informing and educating
consumers to act in more environmentally friendly ways.

We furthermore present the following recommenda-
tions for the development of the labelling tests:

& The capacity to rinse off and separate the particles
should be included in the labelling test. All manu-
facturers should recommend that consumers scrape

off food residues instead of using water to pre-rinse
dishes.

& It should be mandatory to present the energy use and
the fresh water usage for all programs.

& Update the energy label to include a program that
involves the sensors and a considerable amount of
food particles that can be difficult to rinse.

& It should not be allowed to have special settings
when the water inlet temperature is 15 °C and have
other settings at other temperatures.
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