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Abstract: Routine household tasks, such as laundry or dish-
washing, are complex socio-technical systems in which a va-
riety of factors and actors interact, including manufacturers,
technologies, regulators, consumer practices, cultural norms
and infrastructures. A deep understanding of these socio-
technical systems is necessary to find the right recommenda-
tions on how to optimise this system in order to achieve
relevant savings in resource consumption without requiring a
complete renewal of the infrastructure installed. In our case,
we focus on automatic dishwashing in the United Kingdom
and try to find out what an optimised consumer use of the
dishwashers installed can look like and how many savings
can be achieved. Accordingly, we modelled the base of dish-
washers installed and conducted a consumer survey on dish-
washer usage behaviour in sufficient detail to understand the
interplay between the various factors. By simulating a change
in usage behaviour, we find a potential energy saving of 21.3 %
simply by following basic rules for selecting the appropriate
programmes without the risk of a loss of performance.

Keywords: socio-technical system; dishwashing; modelling;
simulation; energy- and water-saving

1 Introduction

The continuing rise in greenhouse gas emissions will lead to
considerable damage in many parts of the world in the
coming decades." The goal of reducing greenhouse gas
emissions can only be achieved if all sectors that contribute
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to these emissions act responsibly. Households have an
important role to play, as they consume a relevant propor-
tion of global energy and water resources.>* They form socio-
technical systems that involve a complex interplay between
a variety of factors and stakeholders, including manufac-
turers, technologies, regulators, consumer practices, cultural
norms and infrastructures.* Routine household tasks, such
as doing the laundry or washing the dishes, are all compo-
nents of such a socio-technical system.’ It is important to
understand how social processes influence the growth and
demand for natural and non-renewable resources. There is
an urgent need for research to focus more on the way people
act while consuming water and energy in their private en-
vironments and the reasons and conditions that influence
their habits. Although this is a global task, it is recognised
that consumer habits and practices vary in different parts of
the world, between countries and even within countries. In
this paper, we will focus on the dishwashing infrastructure
available and the dishwashing behaviour of consumers
from the United Kingdom (UK) and try to shed some light on
the subject. At best, we will look for ways in which con-
sumers can reduce the energy and water consumption of
dishwashing with the existing infrastructure (i.e. the base of
dishwashers installed and dishwashing detergents avail-
able) without compromising the performance achieved.
Early studies in the 1990s reported that dishwashers were
used on average 4.9 times per week and consumed an average
of 1.96 kWh for a 65 °C cleaning cycle, compared to 1.34 kWh
for a 50 °C cycle.® At that time, 17 % of the households in the UK
were reported to own an automatic dishwasher. This has
increased drastically with a representative survey of 250 re-
spondents in 2007 reporting that 75 % of households had an
automatic dishwasher.” According to the data, 80 % of these
dishwashers are less than six years old. Of the households that
do not own a dishwasher, 61.9 % cite a lack of space in the
kitchen as the main reason. More than half (56 %) of the
consumers who own a dishwasher rate its influence on
household energy consumption as high or very high. This
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proportion is significantly higher than the proportion of
households without a dishwasher that estimate this influence
(42 %). An average of 4.5 cycles per week are performed in
the dishwasher, of which 12 % are done at a cleaning tem-
perature of 70 °C, 39 % at 65 °C, 29.5 % at (50-55) °C and 19.5 %
at (35-45) °C. The average temperature is calculated as 58.6 °C.

This data is roughly confirmed by the fact that in a
consumer observational study of dishwasher users, an
average temperature of 60.1°C was recorded in a diary of
each wash cycle performed by the 40 consumers over a
two-week observation period.® This study also showed that
in the UK about 9 % of the total number of dishes cleaned in a
dishwasher have been pre-rinsed. This pre-rinsing takes an
average about 4.4 L of water per dishwasher cycle for the UK
(compared to 19.7 L for Italy)! This shows that it is not only
important that the infrastructure is optimised, but also the
performance must be provided to avoid such dispensable
additional resource use.

It was shown in an empirical study with a representative
sample of 150 consumers from the UK in 2010 that those who
washed their dishes by hand used an average of 49 L of water
and 1.7kWh of energy, while the dishwasher at that time
used an average of 13 L of water and 1.3 kWh of energy for the
same amount of soiled dishes under the conditions tested.’

In 2016, an online consumer behaviour study with 600
representative consumers from the UK revealed that 32 %
of UK consumers normally pre-rinse their dish items under
the tap.’® The reasons given by 53 % of consumers for pre-
rinsing were to avoid bad odours, 43 % were concerned that
the dishwasher could not cope with the amount of soil on the
dishes and 37 % thought that the dishes might not come out
clean in the dishwasher without pre-rinsing (multiple
answers were possible).11 Overall, the average number of
dishwasher cycles in this study was reported to be 5.3 per
week and the programme use is divided between eco pro-
gramme: 19 %; (45-55) °C: 24 %; (60-65) °C: 17 %; (70-75) °C:
8 %; auto/sensor: 8 %; gentle: 5 %; short/quick: 12 % and rinse
and hold: 12%. This shows that there is a vast diversity
of programmes offered by newer dishwashers, and that
consumers seem to be overstrained to select the most
appropriate programme, especially when combining the
requirements of achieving the necessary performance at
the lowest resource used. These requirements were identi-
fied as the number 1 (performance) and number 3 (low
energy and water consumption) of the most important fea-
tures a dishwasher should have out of a list of 19 different
given features (number 2 was low purchase price). In this
study, the consumers’ reasons for using short/quick pro-
grammes are also investigated in more detail. Nearly
two-thirds (64 %) of the consumers in the UK claim they do
it to save energy and water, 40 % because the dishes are

T. Alt et al.: Saving resources of the dishwashing reality of British consumers —— 415

only slightly dirty, 16 % because they do not have time and
5% out of habit (multiple answers allowed). It is very sur-
prising that the time argument only plays a minor rule, while
it is fully understandable that slightly soiled dishes do not
need a long-running normal programme. The assumption
that short or fast programmes are used to save energy and
water is mostly incorrect."

All of this shows that there is still a great lack of un-
derstanding of the socio-technical systems of automatic
dishwashing in sufficient detail for the UK, and especially to
find the right recommendations for optimising this system
to achieve relevant resource savings without having to ask
for a complete refurbishment of the existing infrastructure.
This task can only be fulfilled if, on the one hand, the base of
dishwashers installed in the UK is known, including their
resource use and, on the other hand, the behaviour of the
consumer when using these dishwashers is known in a
detailed and representative way. If both are available, it will
be possible to model the average use of resources (e.g. per
household and per week) and, in a next step, to simulate what
a changed, optimised consumer use of the dishwasher base
installed would look like and how many savings could be
realised. All of this needs to be done under the overarching
target of maintaining the performance of the dishwasher.

2 Materials and methods
2.1 Consumer use of dishwashers in the UK

Consumer use of dishwashers in the UK was assessed by
a professional marketing company through an online
survey of 1,200 consumers who needed to have an automatic
dishwasher at home and have to operate the dishwasher
mainly by themselves (e.g. selecting programmes, dosing
detergents). Besides this, the panellists had to be represen-
tative regarding the demographic depiction of age (between
20 and 69) and household size in the UK. The interviews
were conducted in April 2021.

The questionnaire included questions about not only the
dishwashers installed and their use, including the pro-
gramme selection, but also the use of modifiers on these
programmes and the average degree of soiling of the dishes
of all programmes used. Answers given were controlled by
adding the same question in different parts of the ques-
tionnaire and checking the consistency of the answers. After
eliminating those who had given inconsistent answers, a
reliable database of panellists remained (n = 702).

Over half (52.1 %) of all dishwashers reported were less
than or equal to three years old, 79.3 % are less than or equal
to5years old and 95.0 % are less than or equal to 10 years old.
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The average age of dishwashers in the UK is 4.2 years, ac-
cording to the respondents of this survey.

As every automatic dishwasher offers a more or less
broad range of different, predefined programmes, but the
names and symbols vary from brand to brand and model to
model, the first task was to define a generic definition of the
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Table 2: Relative frequency of programme selection for a cycle-based
average.

programmes and to establish a correlation with the specific
name and symbol on the dishwasher and is the description
in the manual. By reviewing many dishwashers in use, such
a correlation was established (Table 1) by defining pro-
grammes generically and referring to existing programmes
by name or symbol. Both were shown to the panellists of the

Programme Relative frequency
of programme

selection per week (n = 5226)

Eco 29 %
Normal/regular/everyday 41 %
Intense/pots & pans/heavy 1%
Auto/sensor 4%
Gentle/delicate/glasses wash 3%
Quick/fast/short (45 °C, jet, ...) 8%
Quick/fast/short (65 °C, power, plus, ...) 5%
Sum 100 %

survey. They were asked about the usual frequency of use of
each programme (if available on their dishwasher) and
could answer by selecting options between “once in four
weeks” and “more than once per day”. Those answers were
decoded into a frequency of use per week.

Panellists used their dishwashers an average of 6.5 times
per week, which splits into the distribution of use of all
programmes per week, as shown in Table 2. This is well in
line with what was reported in former studies,”* although
the naming of the programmes has changed so that a direct
comparison is hardly possible.

As well as selecting a specific programme on the dish-
washer, consumers had the opportunity to add options
(here called ‘modifiers’) to the programme selection. A list
of five options was extracted from the market analysis
and consumers were asked whether these options were
available on their dishwasher (Table 3). The modifier
“express/speed/quick/time saving” was by far the most
available. At least 80% of these respondents used this
modifier in combination with other of the programmes at
least rarely or more often.

How often this modifier “express/speed/quick/time
saving” was used was assessed for each programme by
utilising a five-point Likert scale and the answers were
transferred into relative percentage values (Table 4).

Table 3: Percentage of dishwashers where a modifier is available (mul-
tiple answers allowed).

Modifiers available Availability on dishwashers in the UK

Express/speed/quick/time 38.9%
saving

Half load 34.0%
Hygiene 13.5%
Intensive 34.9 %
Extra dry 15.4%
There is no modifier 13.0%

The “express/speed/quick/time-saving” modifier allows
the user to reduce the programme duration while main-
taining the cleaning performance of the programme. This
can only be achieved by increasing the resource con-
sumption, as stated in most of the instruction manuals, but
without giving clear values of how much the additional
resources are used. However, Stiftung Warentest, the
German consumer magazine, has tested 11 automatic
dishwashers in the “eco” programme and the “eco”

Table 1: Characterisation of seven different programmes of a dishwasher and examples of representation on a dishwasher with name (related symbols

are omitted).

Example of the name of programme on the Short

Programme characteristic

dishwasher name

Eco Eco Energy-saving programme; programme for the energy label for normally soiled dishes with
proven cleaning efficiency

Normal/regular/everyday Nor Normal programme for everyday use for normally soiled dishes

Intense/pots & pans/heavy Int Programme for heavy soiled and dried-on dishes, for example, pots and pans

Auto/sensor Aut Programme which adjusts its operation according to the features detected

Gentle/delicate/glasses wash Gen Programme for lightly soiled dishes, glassware and delicate items

Quick/fast/short (45°, jet, 30’, express, ...) Qul Quick programme for lightly soiled dishes

Quick/fast/short (65°, power, plus, ...) Quh Quick programme for normally soiled dishes
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Table 4: Relative usage of the modifier “express/speed/quick/time-
saving” per programme.

Programme % of cycles per week the modifier

“express/speed/quick/time-saving” was

used (calculated: always = 100 %,

often = 75 %, sometimes = 50 %,

rarely = 25 %, never = 0 % of cycles)

Eco 21

Normal/regular/everyday 17

Intense/pots & pans/heavy 17

Auto/sensor 27

Gentle/delicate/glasses wash 20

Quick/fast/short 21

(45°C, jet, ...)

Quick/fast/short 27
(65 °C, power, plus, ...)

Of all cycles per week 20

Table 5: Effect of using the modifier “express/speed/quick/time-saving”
on the consumption of water and energy and the programme duration of
various automatic dishwashers tested by Stiftung Warentest (test 06/
2016, 07/2017, 11/2018, 10/2019).

Effect of the modifier Energy Water Duration
“express/speed/quick/time-saving” in kWh in litres in h:min
Average eco programme 0.87 9.7 3:40
Average eco programme + modifier 1.25 12.1 1:34
“express/...”

Change in % +44 +25 -57

programme plus the modifier “express/speed/quick/time-
saving” over a 3-year period. The average of all these test
results shows an average increase in energy consumption
of 44 % (individual values between 34 % and 65 %) and an
increase in water consumption of 25 %, with a reduction in
programme duration of 57 % (Table 5). Of course, this is not
a representative selection of dishwashers, neither for
Germany nor for the UK. However, almost all of the in-
struction manuals inspected contain some explanation that
such an option increases the resource use to balance the
performance if a time reduction is desired by the con-
sumer. Nevertheless, these values should be treated with
caution, especially in relation to other programmes, as the
uncertainty of their precise value is high. Such publicly
available details could not be found for any of the other
modifiers identified.

Additionally, the soiling level of the dishes for all pro-
grammes selected by panellists was gathered. Those were
characterised by verbal descriptions when asking
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participants about “the level of soiling that is most common
when you use that programme”:

(1) “Lightly soiled (e.g. breadcrumbs)”

(2) “Normally soiled (e.g. sauce residues, teacups)”

(3) “Heavily/highly soiled (e.g. grease/baked-in stains)”

These answers (Tables 6 and 7) show that all programmes
were used to some extent on all three soil levels. This reflects
the well-known fact that consumers choose those pro-
grammes which deliver a satisfying performance for their
needs. Once this was established, they tended to stick to the
positive experience and continued to use this programme.
This positive experience can also explain the relatively high
use of the “Quick/fast/short (45°C, Jet, ...)” programme for
their “normally soiled” dishes. However, a clear separation
of the soiling level for different programmes is achieved by
all panellists. These results on a non-parametric scale were
transferred into an interval scale 1-2-3 and used to calculate
the arithmetic means of the soiling level for each pro-
gramme and combination of programme with the modifier
“express/speed/quick/time-saving”, if used.

The habit of pre-rinsing dishes by hand is not really
necessary in modern dishwashers,! but it is practised by
quite alot of people. Panellist were, therefore, asked to rate
how often they pre-rinsed their dishes by hand before
loading the dishwasher in terms of “always”, “often”,
“sometimes”, “rarely” and “never”. Although this question
does not allow one to identify whether only some or
almost all items of a dishwasher load were pre-rinsed, it
shows that this practice is widespread. Coding the Likert
scale in percentages (never =0 % ... always = 100 %) shows
that, on average, about 50 % of the loads are pre-rinsed
(Table 8).

2.2 Base of dishwashers installed

The publication Which?, “the UK’s consumer champion”,2
included 183 models of dishwasher available on the UK
market in 2021. These dishwashers were not only new models
but also included models from previous years because the
publication Which? can be used to advertise these models.
These models were taken as a quasi-representative overview
of the dishwashers installed in UK households, the “base of
dishwashers installed”. However, consumption data for all
the programmes need to be taken from the individual

1 See, e.g., https://www.which.co.uk/news/article/5-things-id-never-do-
as-a-dishwasher-expert-axJou7p9XNQ2.

2 See https://www.which.co.uk/. Access to the report needs membership
of Which?
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Table 6: Distribution of soil levels for each of the programmes used by the panellists (most frequently selected soiling level is indicated in red).

Eco Normal/regular/ Intense/pots & Auto/sensor  Gentle/delicate/ Quick/fast/short  Quick/fast/
everyday pans/heavy glasses wash (45°, Jet, short (65°,
30’, express, ...) power,
plus, ...)
n= 455 576 370 145 183 279 208
Lightly soiled 42.7% 11.5% 7.9% 20.2% 54.2% 43.9% 28.5%
(e.g. breadcrumbs)
Normally soiled 53.7% 76.7 % 21.9% 60.9 % 343 % 49.2 % 58.5%
(e.g. sauce residues,
teacups)
Heavy/highly soiled 3.7% 11.8% 70.2% 18.9% 11.4% 6.9 % 13.0%

(e.g. grease/baked-in
stains)

Table 7: Distribution of soil levels for each of the programmes where the modifier “express/speed/quick/time saving” was used by the panellists (most

frequently selected soiling level is indicated in red).

Eco Normal/regular/ Intense/pots & Auto/sensor  Gentle/delicate/ Quick/fast/short  Quick/fast/
everyday pans/heavy glasses wash (45°, Jet, short (65°,
30’, express, ...) power,
plus, ...)
+ “express/speed/quick/time saving modifier”
n= 153 187 126 60 74 102 91
Lightly soiled 45.4% 22.2% 14.8% 24.2% 46.7 % 37.9% 28.1%
(e.g. breadcrumbs)
Normally soiled 46.7% 72.6% 33.7% 59.7 % 435% 55.5% 58.1%
(e.g. sauce residues,
teacups)
Heavy/highly soiled 7.9% 5.2% 51.5% 16.1% 9.8 % 6.5 % 13.8%
(e.g. grease/baked-in
stains)
Table 8: Distribution of answers about pre-rinsing of dishes by hand However, not all brands in the Which? database
before loading the dishwasher. are equally represented in the households. The overall
- — - representation of the major brands is available from
Question pre-rinsing Possible Number of Ansv.ve:s Passport® (Table 9). Not all brands have an independent
answers answers in%
manufacturing base, but a lot of brands are produced on
How often do you pre-rinse  Never 71 102 the same production line. Therefore, they use very similar
your dishes by hand before  Rarely 159 22.7 . . .
loading the dishwasher? Sometimes Py 35.2 technology but just have, for example, a different exterior
Often 136 194 design. It is assumed that each model of a brand/mother
Always 88 12.5 manufacturer in the Which? database has the same average
All households 702 100.0 market representation, which is given by the market share

instruction manuals of these dishwashers, where available.
All in all, 166 dishwasher models could be analysed and
datasets for 852 programmes could be extracted. Applying the
effect of use of the modifier “express/speed/quick/time-
saving” (Table 5), an additional 852 datasets are created taking
into account the use of the modifier.

of the brands whose models are included divided by the
number of models in the Which? database (Table 9). This
means, for example, that the resource use figures of every
dishwasher in the model database of a dishwasher from
Bosch + Neff + Siemens gets a relative weight of 44/166 = 33 %
(Table 9) for the dishwasher representativeness. Where no

3 See https://go.euromonitor.com/passport.html.
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Table 9: Manufacturer company and associated brands and their relative average market share (source: passport 08-02-2021 and Which? database on

dishwashers tested).

Manufacturer brand name ass. to Passport market share  Passport market share of number of number of models in
manufacturer (based on retail volume brands where models are modelsin  Which? database where
in units sold 2011-2020) included in Which? Which? database brand shares are
database available
Bosch + Neff + Siemens 33% 33% 44 44
Beko + Blomberg + Grundig 21% 21% 23 23
Whirlpool + Hotpoint + Indesit 17 % 17 % 26 26
Miele 4% 4% 20 20
Electrolux + AEG + Zanussi 12% 12% 14 14
Haier + Fisher&Paykel + Hoover + Candy 3% 3% 3 3
Smeg 2% 2% 12 12
Lamona (Howden Joinery Group Plc) 1%
IKEA (Inter Ikea Systems BV) 1% 1% 3 3
Private label 1%
Samsung 4
Kenwood 1
Others 4% 6% 16 21
Total 100 % 100 % 166 166

market share data was available or no model was included
in the Which? database, these brands are subsumed in the

category “Others”.

3 Model of the resource use of

dishwashers

By combining the consumption data of all 1704 datasets of
programmes with the relative market share of these brands,

a representative model of the average energy and water
consumption and programme duration of the dishwashing
programmes of dishwashers installed in UK households is
built, called the “UK model”. Table 10 shows the average
resource use and duration for each of the seven programmes
with and without the use of the modifier “express/speed/
quick/time-saving” for each programme. The ECO pro-
gramme, which is one of the programmes recommended for
cleaning normally soiled dishes (see Table 1), consumes an
average of 0.87kWh and 9.9 L. All the other programmes
consume considerably more resources. However, the ECO

Table 10: Average energy and water consumption and programme duration for the average, cycle-based, consumer behaviour regarding programme
choice including the modifier “express ...” and soil level for this programme. Note: “S” is added to the short name if the modifier “express ...” is used.

Weighted sums are highlighted in bold.

Programme (plus modifier) Short Consumer Energy Water Duration Soil

name choice level
Eco Eco 23.0% 0.87 9.9 215 1.61
Eco + “express/speed/quick/time saving” modifier EcoS 6.0 % 1.26 12.3 92 1.62
Normal/regular/everyday Nor 33.6% 1.19 13.8 129 2.00
Normal/regular/everyday + “express/speed/quick/time saving” modifier NorS 7.1 % 1.7 17.2 55 1.83
Intensive/pots & pans/heavy Int 8.7% 1.40 14.6 149 2.62
Intensive/pots & pans/heavy + “express/speed/quick/time saving” modifier IntS 1.8% 2.02 18.2 64 2.37
Auto/sensor Aut 2.8% 1.08 11.5 133 1.99
Auto/sensor + “express/speed/quick/time saving” modifier AutS 1.1% 1.55 14.3 57 1.92
Gentle/delicate/glasses wash Gen 24% 0.91 12.0 104 1.57
Gentle/delicate/glasses wash + “express/speed/quick/time saving” modifier GenS 0.6 % 1.31 15.0 45 1.63
Quick/fast (45°, jet, 30", express, ...) Qul 6.4 % 0.73 9.8 32 1.63
Quick/fast (45°, jet, 30", express, ...) + “express/speed/quick/time saving” modifier QulS 1.7% 1.05 12.2 14 1.69
Quick/fast (65°, power, plus, ...) Quh 3.6% 1.16 10.7 58 1.85
Quick/fast (65°, power, plus, ...) + “express/speed/quick/time saving” modifier ~ QuhS 1.3% 1.66 134 25 1.86
Weighted sum 100 % 1.16 12.7 128
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programme also takes the longest duration of about 3% h.
This is explained by the fact that in the ECO programme the
wash and drying temperatures are reduced to save energy,
while the wash and drying times are extended to achieve the
required performance. However, these dependencies are
not well-known to consumers."

Combining this with the probability that a certain pro-
gramme is selected (Table 2) and, eventually, the modifier
“express/speed/quick/time-saving” is used (Table 4), it is
possible to calculate the representative household average
of the consumption values of the programmes of dish-
washers installed in UK households (Table 10).

The average consumption of 1.16 kWh of energy and
12.7 L of water is considered the base case for this study as it
best represents the average use of resources of dishwashers
per cycle in UK households. The average energy and water
consumption in the UK is 33 % higher for electricity and 29 %
higher for water when using the ECO programme was used
alone. Compared to automatic dishwashing in other Euro-
pean countries," the consumers in the UK use the Eco pro-
gramme and the Normal programme slightly more often.
The average consumption data agree very well with recent
data from another study, which found that the average
energy consumption of the dishwashers on the UK market
was 1.11kWh of energy and 12.35 L of water for an average
programme duration of 129 min.”®

From the consumer survey, it is known how consumers
rate the degree of soiling of the dishes cleaned in the selected
programmes. This makes it possible to present the average
energy consumption of the programmes used for the levels
of soiling encountered by the user (coding: light soiling = 1,
normal =2, heavy = 3). This shows (Figure 1), on the one hand,
that the consumer makes a clear distinction when selecting a

Energy vs. soil level with representative panel in the UK

2.50
<
= 2.00 ® ntS
=~ NorS
£ D
c ® QuhS
S 1.50 ® AutS
81
a ,GenS Quh ® Int
% EcoS s u :AN(%r
£ 1.00 $ Quls Y
3 'OGPEEO
& e Qul
[}
£ 050
0.00

1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 2.6 2.8 3.0

average soil level

Figure 1: Average energy consumption of the programme versus the
average soil level of the dishes (coding: lightly soiled = 1, normal = 2,
heavy = 3). For short names of programmes, see the caption of Tables 1
and 10.
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programme (especially for the intensive programme) and,
on the other hand, that there is a wide range of programmes
available for almost the same level of soiling between ~1.6
and 2.0.

4 Simulation of savings

The base case of the scenario simulation is the situation of
the dishwasher as installed in UK households (via the “UK
model”) and the consumer behaviour as assessed by the
consumer questionnaire (representative consumer survey).
Both together give an average consumption of 1.16 kWh of
energy and 12.7 L of water per cycle.

Based on this, a scenario can be imagined where the
intention is to use only those programmes for a given soil
level that use the least amount of energy (Figure 1). Firstly,
this means that the use of the modifier “express/speed/fast/
time saving” should generally be avoided, as it significantly
increases resource consumption. This would mean, for
example, stopping the use of the “IntS” program and instead
moving those program uses to the “Int” program. The same
applies to all other uses of this modifier. Secondly, the use of
the gentle ‘Gen’ programme should and could be shifted to
the quick low temperature ‘Qul’ programme, as the levels of
soiling encountered by consumers are quite similar and both
programmes are recommended for lightly soiled dishes.
Thirdly, the use of the normal/regular/daily (Nor), automatic/
sensor (Aut) and quick high temperature (Quh) programmes
should be replaced by the ECO (Eco) programme (Figure 1),
as all these programmes are defined to clean normally soiled
dishes. This seems justified for the ‘Nor’, ‘Aut’ and ‘Qub’
programmes, where consumers already associate a similar
level of soiling, but not for the ‘Eco’ programme.

However, the “Eco” programme is the one where most
stringent requirements on cleaning normally soiled dishes,
for example, soiled with sauce residues or teacups, are
requested. This programme is used as the basis for the
Ecodesign requirements requested by Commission Regula-
tion (EU) 2019/2022 of 1 October 2019 (and earlier versions)
(valid also after the withdrawal of the UK from the European
Union) and requests that “the cleaning performance index
shall be >1.12”; i.e. the cleaning of dishes (including pots),
soiled with seven types of food and dried in for 2 h at 80 °C,
must be 12 % better than the reference programme on a
Miele reference machine. This “Eco” programme is also the
one used by Which? to assess the cleaning performance of
dishwashers under test conditions. Thus, it is well-suited for
cleaning normally soiled dishes.

Only three programmes remain (Figure 2) when this is
done: eco, intensive and quick (low temperature) and the
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HInt
Figure 2: Average energy consumption of the
programme versus the average soil level of the
dishes. Coloured marks and circles show the
2,40 2,60 2,80 most energy-saving strategy of shifting pro-

grammes.

Table 11: Average energy and water consumption and programme duration for the simulation of a changed consumer behaviour regarding programme
choice. Changesin the programme selection are indicated in the column “simulation UK” and are reflected in the column “consumer choice” as simulated

programme selection. Weighted sums are highlighted in bold.

Programme Short name Simulation “UK” Consumer choice Energy Water Duration
Eco Eco +EcoS + Nor + AutS + NorS + Aut + Quh + QuhS 78.4% 0.87 9.9 215
Intensive/pots & pans/heavy Int +IntS 10.5 % 140 146 149
Quick/fast (45°, jet, 30", express, ...) Qul +QulS + Gen + GenS 11.0% 0.73 9.8 32

Weighted sum 100 % 091 104 188

modifier “express/speed/quick/time-saving” is no longer
used. This results in (Table 11) an average energy con-
sumption of 0.91kWh and water consumption of 10.4L,
corresponding to savings of 21.3% in energy and 18 % in
water consumption. This is at an expense of 60 min prolon-
gation of the programme duration (from an average of
128 min to 188 min).

This can be identified as the most energy-saving sce-
nario, maintaining the association to the soil level by the
consumer and not requesting an unacceptable prolongation
of the average programme duration.

Saving on energy and water in %

25%
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‘W.
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E IT

22%

‘ 17%
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W Energy MW Water

21%
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21%
20%
20% 18%
16%
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UK

Implementing this learning in consumer communica-
tion would require the following messages to be conveyed:
(1) Do not use the programme modifier “express/speed/
quick/time-saving” as it may require significant
additional resources (energy, water).

Use the ECO programme for all normally soiled dish
loads and accept the longer programme duration, as this
will provide a good cleaning with a low amount of
resources (energy, water).

Use the Quick/fast (45 °C, Jet, 30', express, ...) programme
for lightly soiled dishes.

@

3

22%

‘ 17%

TR

22%

16%

Figure 3: Comparison of the savings possible for
UK with results of similar approaches in other
European countries (HU = Hungary,

PL = Poland, DE = Germany, IT = Italy,

ES = Spain, TR = Turkey).

ES
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A comparison of these results with data from other Euro-
pean countries' (Figure 3), where similar observations and
simulations have been carried out, shows that energy and
water saving options are of a similar magnitude. This means
that the saving options can be implemented at least on a
European level.

5 Discussion and conclusion

The research question was to understand the socio-technical
systems of automatic dishwashing in sufficient detail for the
UK and, in particular, to find the right recommendations for
optimising this system in order to achieve relevant savings
in resource use without requiring a complete refurbishment
of the infrastructure installed. This is done especially by
understanding that the consumer selects the programme on
the dishwasher based mainly on the soil level the dishes
have. Most of the selections are considered correct, with two
exceptions. Firstly, the modifier “express/speed/quick/time-
saving” is used without realising that this will cause a
considerable increase in the resources used, which is in clear
contrast to the third of the top priorities for consumers,
namely saving energy and water. Secondly, the “Eco” pro-
gramme is used at a rather low soil level of the dishes. This is
in contrast to what this programme is designed for and
verified by the government, as it is the basis for the energy
label and consumer organisations, such as Which?.

Correcting these points in the consumer behaviour
means giving the consumer three simple messages, that
everyone can easily follow, regardless of the brand of dish-
washer they have installed in their home. As the simulation
shows, this will save, 21.3% in energy and 18 % in water
consumption. With the carbon intensity of electricity gen-
eration in the UK at 265 g of CO, per kWh, this will save 0.3 Mt
of CO, emissions per year. This saving requires no additional
costs or investments and can be realised immediately. It only
needs the understanding that long running dishwashing
programmes at a low temperature (such as the “Eco” pro-
gramme uses) provide sufficient time to clean dishes as well
as short programmes at a higher temperature, but save a lot
of electrical energy. Comparison with results from other
European countries shows that this saving option also works
well in other countries. The main advantage of the proposed
recommendations — compared to many others — is that the
consumer’s expectations of a sufficiently good cleaning
result are met, as the three programmes are clearly classi-
fied according to the degree of soiling of the dishes to be
cleaned, as perceived by the consumer.

Despite all this, when using the dishwasher, it is still
important to observe the well-known rules of avoiding

DE GRUYTER

pre-cleaning the dishes under running water, using the full
load capacity and cleaning the filters regularly. Researchers
should pay more attention to the aspect of resource con-
sumption when using modifiers, and manufacturers should
provide clearer information in their instructions for use on
how these modifiers affect resource consumption, and
should actively promote the use of the eco programme.
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