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Abstract
Dishwashers have become part of the modern home and when used correctly can lead
to significantly less water and energy consumption than the alternative of manual
dishwashing. Manufacturers are constantly improving the efficiency of these appli-
ances with better mechanical components, lower cycle temperatures and increases in
capacity. However, an aspect which has received less attention is how the behaviours
of users impact the efficiency.

This project investigated unsustainable behaviours in automatic dishwashing by
studying previous research as well as conducting new research, through user stud-
ies in a lab environment complemented by a diary study in a home context. Six
unsustainable behaviours were identified: (1) inefficient programme choice, where
users choose to run a dishwashing programme which is either too intensive or too
gentle, resulting in increased water and energy consumption or unclean dishes; (2)
inefficient loading, not utilizing the full capacity of the dishwasher or overloading
the dishwasher resulting in unclean dishes; (3) pretreatment of dishes, rinsing dishes
under running water before placing them in the dishwasher; (4) inefficient detergent
use, using more detergent than necessary for a good result; (5) manual dishwashing,
households with dishwashers washing some dishes manually; and (6) poor mainte-
nance, not doing the maintenance needed for effective cleaning and along lifespan
of the appliance.

The study found that these behaviours depend on several factors among users, where
the most critical ones were a lack of information, a lack of trust in the dishwasher and
convenience. The next part of the project consisted of investigating how design could
be used to address the unsustainable behaviours. Which resulted in the six design
recommendations: sustainability sheet, programme costs, Auto Dose text, tips &
tricks, scraping off tool and filter warning. These recommendations in addition
to the insights from the research are aimed to serve as inspiration for dishwasher
manufacturers on how they can improve the sustainability of their appliance by
employing a user behaviour point of view.

Keywords: dishwasher, automatic dishwashing, sustainability, user studies, design
for sustainable behaviour.
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1
Introduction

Although dishwashers have become standard in modern households, there is a crit-
ical gap between their technological capabilities and user knowledge. Many users
operate these appliances through intuition rather than through understanding, com-
promising washing efficiency and effectiveness. Therefore, influencing sustainability
aspects such as energy consumption, water consumption and product lifespan.

Every year, household appliances require increasing amounts of energy and resources
for their production and use (Hischier et al., 2020), representing a key area for sus-
tainability efforts. This aligns with the United Nations’ sustainable development
goal “sustainable consumption and production” (UN, 2025).

This project is part of research studies conducted by Chalmers University of Tech-
nology, in collaboration with the kitchen appliances companies ASKO (Sweden) and
ATAG (Netherlands). Both are part of the Hisense group, a global manufacturer
of electronics and appliances. ASKO’s R&D centre in Lidköping specializes in dish-
washer innovation.

Dishwasher manufacturers constantly work to innovate and improve their products,
this includes making their dishwashers more sustainable in relation to water and en-
ergy efficiency, an aspect which is of significant importance to customers. Although
there are constant improvements in this aspect, there is a lack of research on how
user behaviour affects dishwasher performance and in turn sustainability. Therefore,
ASKO has initiated this project to further enhance environmental responsibility by
analysing user behaviours and designing dishwashers with those in mind.

1.1 Aim
The aim of this project is to identify and gain a deeper understanding of unsus-
tainable behaviours in dishwasher usage, by analysing previous research as well as
conducting new research to fill in the gaps. The environmental impact of these
behaviours is to be analysed, and design recommendations which promote more
sustainable practices developed. Furthermore, these recommendations should be
evaluated based on their environmental impact.
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1. Introduction

1.2 Research questions

The research questions which the project aims to answer are the following:
ˆ What are the unsustainable behaviours carried out by users?
ˆ What are the environmental impacts of these behaviours?
ˆ How can design interventions encourage more sustainable behaviours?

1.3 Delimitations

To limit the scope of the project, the following demarcations have been made:
ˆ Speci�c material choices of components are not part of the study.
ˆ The chemical compositions of detergents are not to be studied.
ˆ Only parts which the user interacts with are part of the study, the inner

workings of the dishwasher are therefore outside of the scope.
ˆ The project is on a pre-development level, therefore any design for manufac-

turing is outside of the scope.
ˆ The project focuses on domestic dishwasher usage; professional usage is out of

the scope.

1.4 Deliverables

A more theoretical outcome is expected in the �rst half of the project, which consists
of a summary of the research results. After the planned activities are completed,
the identi�ed unsustainable behaviours will be clearly described and categorized.
Additionally, their relative importance regarding the sustainability end goal will
be outlined, considering other aspects as well, such as characteristics of the brand
and its products, ease of further analysis and implementation, etc. The second
outcome is more practical-oriented. Based on the gathered data, a set of design
recommendations will be designed, developed and evaluated through an iterative
and problem-solving approach.
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2
Background

2.1 Client

Hisense markets dishwashers in Europe under several brands, including ASKO and
ATAG. ASKO serves as the primary stakeholder in this project, with ATAG con-
tributing on a smaller scale.

ASKO is a household appliances producer founded in Sweden. Inspired by nature
and the Scandinavian design principles, the company focuses on a constant inno-
vation to enhance the user experience and minimize the environmental impact. As
a premium brand, it o�ers high-quality products with advanced functionalities and
great attention to detail.

The dishwasher range exempli�es the brand's values through two aspects: a mini-
malistic approach on the exterior, featuring doors that integrate into kitchen aes-
thetics and discreet interfaces; and a well-equipped interior, with highly adaptable
baskets and numerous customization possibilities. ASKO designs its dishwashers
for a 20-year lifespan, implementing high quality materials, timeless aesthetics and
�exibility in the use.

2.2 Manual vs Automatic Dishwashing

Households owning a dishwasher are currently more sustainable in their dishwash-
ing practices, resulting in an average of 50% and 28% of water and energy savings
respectively (Richter, 2011). However, manual dishwashing is still common in many
European countries, with a mere 13% of households reporting to never wash dishes
by hand (Richter, 2010). The use-phase greenhouse gas emissions could be reduced
by 70% by switching from typical manual to recommended automatic dishwashing
behaviours. Only following the best practices on manual dishwashing as described
by Fuss et al. (2011) results in 18% less life cycle greenhouse gas emissions than
automatic dishwashing (Porras et al., 2020).

In general, dishwasher users do not perceive cleanliness level as a challenge to over-
come if their automatic and manual dishwashing results are compared. The di�eren-
tiation lies in variability, leading to more uniform cleanliness outcomes when using
the dishwasher (Porras et al., 2020). In terms of ergonomics and overall performance,
automatic dishwashing is the preferred choice (Stamminger et al., 2007).

3



2. Background

2.3 Regulations on Dishwasher Design

Regulations on programmes

The European ecodesign regulation states that household dishwashers must have a
programme named �eco�, which is set as the default option on any dishwasher with
a programme selector (Commission Regulation (EU) 2019/2022, 2019). There may
not be any programmes named �normal�, �regular�, �standard� or �daily�. This is
to promote the usage of the more energy and water e�cient eco programme.

Regulations on energy Labelling

To aid consumers in making informed purchasing decisions, all dishwashers sold in
the European Union must be supplied with an energy label (Commission Delegated
Regulation (EU) 2019/2017, 2019). As can be seen in Figure 2.1, the energy label
contains information on the energy consumption per 100 cycles, the water consump-
tion per cycle, the rated capacity in place settings, the noise level, the programme
duration, and the dishwasher's energy e�ciency class. All these data points are
calculated on the eco programme. The energy e�ciency class is rated on a scale
from A to G, where A is the most e�cient. The energy label previously used a scale
from A+++ to D, which was changed to increase di�erentiation between products
as most dishwasher sold in the EU were in the A++ or A+++ classes (Brunzell and
Renström, 2020; Commission Delegated Regulation (EU) 2019/2017, 2019).

A good result on the energy label is a key factor for potential consumers choosing
which model to purchase (Richter, 2010). Therefore, it is crucial for dishwasher
manufacturers to get a competitive score on the label to market their dishwasher. For
example, to get good scores on rated capacity manufacturers design their dishwashers
based on the test procedure. However, since the test procedure does not perfectly
mimic the conditions in actual household usage there is a gap between the use case
the dishwasher is designed for and how it will be used. Especially when it comes
to which dishes are used. As dishwasher capacity is measured in place settings and
the user may use other con�gurations of dishes, the racks may not be designed for
what dishes will be used.

4



2. Background

Figure 2.1: EU energy label.
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2. Background

2.4 Sinner's circle and the eco programme

To understand washing performance, experts often refer to the Sinner's circle theory.
It consists of four factors that a�ect the e�ectiveness of automatic washing: time,
temperature, chemical and mechanical action. They are interconnected, therefore
decreasing one factor requires increasing one or more of the others (Stamminger
and Bockmühl, 2025). It is often visualised as a circle as is illustrated in Figure 2.2,
where the size of each quadrant depends on its e�ect in the cleaning process. Since
the mechanical and chemical factors are �xed by measurement standards and by the
hydraulic system of the dishwasher, eco programmes rely on increasing the time fac-
tor to compensate for the decrease in temperature, reducing the energy required to
heat water (Stamminger and Bockmühl, 2025), which represents most of the energy
involved in machine dishwashing (Porras et al., 2020). This translates into longer
duration but more resource e�cient programmes.

Figure 2.2: Sinner's circle.

As pointed out by Dekoninck and Elias (2011), environmental e�ciency depends not
only on those machine dependant variables derived from the Sinner's circle, such as
increasing lifetime and reducing water, heating, or detergent usage, but also on con-
sumer behaviour parameters. The authors highlight that very few studies focus on
this group. Reducing water usage and heating energy is the direction towards a more
sustainable appliance, since this represents 90% of the energy consumed (Dekoninck
and Elias, 2011). Mechanically, dishwashers are optimized to a very high degree
and, according to the dishwasher manufacturer client, the washing temperature is
already the minimum required to kill bacteria, which has made it di�cult to see
notable improvements in e�ciency in recent years. Hence, innovation requires a
new direction: shifting from product-centred to user-centred approach, by studying
user behaviours.

The Sinner's circle is not applied in this project as a tool for improvements in the
chemical or mechanical areas, but to analyse the misconceptions users have about
which dishwashing behaviours are truly sustainable. An example is the common
belief that the longer eco cycle is less sustainable than a shorter quick programme.

6



2. Background

2.5 Design for Sustainable Behaviour

Design for sustainable behaviour is a theoretical framework used to improve the
sustainability of products where most of the environmental impact comes from the
use or discard phase. This project adopted a behaviour-oriented approach, allowing
for some �exibility. Analysing the brief, client requirements, and available resources
naturally led to a design space facing towards this direction, aiming to facilitate more
sustainable dishwasher interactions by targeting speci�c user behaviours. However,
the inherent complexity of behaviour analysis required some adjustments to the
project trajectory and the sequence of certain methodologies.

In a behaviour-oriented approach unsustainable behaviours are addressed through
the application of one or several of �ve strategies shown in Figure 2.3 (Selvefors
et al., 2023). The �rst strategy, enlighten, involves providing users with information
to in�uence users towards certain behaviours. The second, spur, motivates users
by o�ering rewards to those that adopt more sustainable behaviours. The third,
steer, makes sustainable behaviours the obvious choice by making them easier to
perform, more appealing or more prominent. The fourth strategy, force, removes
the possibility of acting in any other way than in the intended sustainable manner.
The �fth and �nal strategy, match, includes redesigning the product in such a way
that the user does not have to change their behaviour; however, the result is still
more sustainable.

Figure 2.3: DfSB design strategies. Illustration adapted from Selvefors et al.
(2023).
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3
Methods and process

As illustrated in Figure 3.1 the project was divided in two main phases: the research
phase and the design phase. These phases culminated in the research synthesis and
the design recommendations. The research phase is divided into three sections: lit-
erature study, market research, and user studies. The literature study covers two
research questions: which dishwashing behaviours are unsustainable and what are
their environmental e�ects. User studies were then conducted to identify any fur-
ther unsustainable practices. Additionally, they addressed the literature gap on the
connection between user behaviour and dishwasher design, contributing to the less
explored �eld of user-centred innovation in dishwashers. To investigate how design
interventions can promote sustainable behaviours market research was conducted,
to understand customer needs and examine how other companies address the chal-
lenges. The ideation phase combined brainstorming based on user study outcomes,
with support from market research insights. The evaluation and selection of po-
tential concepts for further development was based on criteria determined by the
project brief and the literature �ndings.

Figure 3.1: Visualisation of the project process.
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3. Methods and process

3.1 Literature Study

A literature study was conducted to gain an understanding of previous research on
unsustainable behaviours associated with dishwasher use. The study focused on
several areas: factors at dishwasher purchase, di�erences between manual and au-
tomatic dishwashing, unsustainable behaviours in the use of dishwashers and their
environmental impact, underlying reasons behind these behaviours and how often
they occur.

To �nd relevant articles, online databases such as Google Scholar were used with
the following search terms: �User behaviour dishwasher�, �Automatic dishwashing�,
�Dishwashing behaviour resources�, �Dishwashing energy label�, �Dishwashing be-
haviour�. Articles were �rst screened based on their title. The abstract and con-
clusion of promising articles were then reviewed to con�rm their relevance for the
project. Using this process in addition to a snowballing method, to �nd articles
through references in other articles, resulted in the collection of 36 articles. The
content of the gathered articles was discussed with the supervisor from ASKO to
get a second opinion on if it was relevant for the project and to get their opinion on
the subject.

3.2 Market Research

To gain insight into the state of the art in automatic dishwashing, existing brands,
models, features and their connection with potential customers were analysed. The
market research was conducted in two phases: an online study and a visit to popular
appliances stores in Sweden.

As part of a benchmarking approach, the online research studied a list of dishwasher
manufacturers serving European markets such as Bosch, Miele and Electrolux. The
focus was on examining the technical and aesthetic attributes of the dishwashers
that were related to enhancing the user experience. This data was collected in the
form of pictures and observations, selected for their relevance to sustainability, which
is central to the study. In later stages, once the problems to address were clearly de-
�ned, the research expanded to include more manufacturers and dishwasher models
from around the world, to explore potential solutions.

The site visit included two appliance retailers: Elgiganten and Elon. The customer
journey was considered both when examining the displayed dishwasher models and
during interviews with sales sta�. These interviews studied what information stores
give to customers, what information customers ask for and what impressions and
opinions specialized employees have of the di�erent dishwasher brands and models.
Information was gathered regarding purchasing choice drivers and relevant attributes
that in�uence customers' model choice. Already implemented design for sustainable
behaviour features were identi�ed and classi�ed.

10



3. Methods and process

Market research results were compared with the literature �ndings and served as the
basis for choosing which dishwasher models would be included in the user studies
conducted in the lab. Based on a human factors' perspective, a total of four types of
dishwashers currently commercialised were identi�ed. The market research results
section presents these four categories in detail.

3.3 User Studies

The literature study identi�ed a lack of user-centred research in the �eld of dish-
washer innovation, speci�cally in how the appliance in�uenced user behaviour. To
address this gap, user studies were planned and conducted, focusing on the unsus-
tainable behaviours found in literature. These studies took place in both laboratory
and home environments, as this dual approach was necessary to capture the com-
plexity of user interactions. The end goal shaped the organization of these activities
and was to discover e�ective ways to transform those unsustainable practices into
sustainable ones.

3.3.1 Lab Studies

A user test was set up to get a better understanding of how the identi�ed unsus-
tainable behaviours happen and what the determinants behind them are. These
tests took place in a controlled environment: a usability lab. The focus of the test
was to see to which degree the design of the dishwasher in�uences the choices and
behaviours of users. To plan this test, the following questions were answered:

ˆ Which questions are to be answered with user testing?
ˆ How should the test be set up to answer these questions?
ˆ Which limitations are there with the way the testing is set up?

User test design
The user tests were planned to include all stages of the dishwashing practice where
the appliance is involved. The method incorporated both observational practices
and semi-structured interviews, especially for covering those additional stages of
the practice taking place outside of the dishwasher. The sample consisted of ten
participants, including di�erent age groups. The material needed for emulating the
process was dishes and dishwashers.

The number and types of dishes were selected based on common European eating
habits, with the aim of encouraging scenarios where not all items would �t in a
single dishwasher load. These are shown in Figure 3.2 and included: 12 large plates,
12 deep plates, 12 small plates, 12 small bowls, 12 water glasses, 12 wine glasses, 10
co�ee cups, 12 sets of cutlery, an oven dish, a pot, a pan, a spatula, a pair of tongs,
two knives (small and big), two cutting boards, a large bowl, two whisks, a sieve
and two plastic lunch boxes.

11
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